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Abstract: Drone imagery has the potential to enrich urban planning and historic preservation,
especially where it converges with the growing creation and use of 3D models in the context of cities
and metro regions. Nevertheless, the widespread adoption of drones in these fields faces limitations,
and there is a shortage of research addressing this issue. Therefore, we have conducted a systematic
literature review of articles published between 2002 and 2022 drawing from reputable academic
repositories, including Science Direct, Web of Science, and China National Knowledge Infrastructure
(CNKI), to identify current gaps in the existing research on the application of UAVs to the creation
of 3D models in the contexts of urban planning and historic preservation. Our findings indicate
five research shortcomings for 3D city modeling: limited participation of planning experts, research
focus imbalance, lack of usage for special scenarios, lack of integration with smart city planning,
and limited interdisciplinary collaboration. In addition, this study acknowledges current limitations
around UAV applications and discusses possible countermeasures along with future prospects.
Keywords: drone; UAV; unmanned aerial vehicle; 3D; three-dimensional; digital twin;
photogrammetry; BIM; urban planning; regional planning; preservation; historic preservation;
heritage conservation

1. Introduction

Urban planning and historic preservation (in this paper, we use the term “historic
preservation”, which is the most common term used in the U.S. for the professional practice
of conservation of buildings, structures, landscapes, and other features of cities; it is
important to note that other terms may be more common in other national and local contexts,
such as heritage conservation, urban preservation, building preservation, building reuse,
cultural heritage, etc.) involve the process of systematically collecting and using spatial
data to manage change in the built environment. These fields are generally supported
by imagery and data gathered through aerial-based remote sensing technologies such as
satellites and airplanes. These technologies provide planning practitioners and researchers
with evidence-based information, helping them to understand the built environment [1,2].
The use of unmanned aerial vehicles (UAVs), commonly referred to as drones, is a rapidly
advancing technology. UAVs have become more accessible for urban planning and historic
preservation due to their lower cost of acquisition and easier entry requirements for new
pilots in comparison to airborne and satellite platforms [3]. UAVs are extensively utilized
for purposes such as aerial photography, surveying, and mapping, agricultural tasks, search
and rescue operations, and military applications, as well as news reporting and film and
television production [4-7]. Today, UAVs can carry out a variety of tasks upon need, with
a set of ever-advanced features including aerial photography, surveying, mapping, and
LiDAR scanning. Their use as tools for improving the sensing of landscapes and the built
environment suggests their potential significance for research and professional practice in
urban planning, historic preservation, and allied fields.

Remote Sens. 2023, 15, 5507. https:/ /doi.org/10.3390/1s15235507

https://www.mdpi.com/journal /remotesensing


https://doi.org/10.3390/rs15235507
https://doi.org/10.3390/rs15235507
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/remotesensing
https://www.mdpi.com
https://orcid.org/0009-0004-4144-0288
https://orcid.org/0000-0002-0403-6890
https://doi.org/10.3390/rs15235507
https://www.mdpi.com/journal/remotesensing
https://www.mdpi.com/article/10.3390/rs15235507?type=check_update&version=2

Remote Sens. 2023, 15, 5507

2 of 27

In terms of technical characteristics, UAV technology has the advantages of small
volume, low altitude, slow flight speed, light weight, and wide shooting range [8,9].
UAV technology has gradually transitioned from development experiments to practical
applications in examples around the world [10,11]. Furthermore, UAV technology enables
users to rapidly acquire spatial information about various aspects of the environment,
including land, built structures, and natural resources [9,12]. UAV technology has been
applied in three-dimensional scene reconstruction [13], forest modeling [14], and historical
and cultural survey and protection [15]; in addition, UAVs can be used to capture high-
resolution 2D datasets at a range of scales to generate 3D models using the “Structure-from-
Motion” (SfM) process [16].

Urban and regional planning face the challenges of understanding and responding to
rapid change in the urban environment. Therefore, having access to high-quality and up-to-
date spatial information can be of great assistance in managing these city changes. Planners
aid public officials in exploring multiple future scenarios with high-quality visualizations.
Professionals in historic preservation similarly must help stakeholders to understand
building conditions and survey entire districts for cultural resources. Google Street View
and satellite imagery are available tools, although they have important limitations, as
planners are limited to available images that may not be up to date [17,18]. UAVs have
demonstrated their suitability for rapid urban modeling and aerial support, allowing both
researchers and practitioners to produce up-to-date imagery using UAVs that are specific to
particular needs and high resolution [19]. Among recent studies, planners have used UAV
aerial survey technology for rapid urban modeling and to obtain information in planning
surveys, and a number of studies have verified that UAV surveying can produce higher
resolution images that cater to specific needs. Researchers have integrated UAVs into areas
closely associated with urban planning and historic preservation, and have evaluated the
current challenges associated with the utilization of UAV technology in planning practice
in light of the growing use of UAVs in a variety of contexts [20]. In their paper, the authors
identified opportunities to enhance 3D modeling and visualization for scenario planning
and public discussion of alternatives.

3D modeling is a well-established concept that is primarily used for the visualization
of physical objects and structures. In contrast, digital twins represent a more dynamic
concept that expands on 3D modeling by incorporating real-time data and connectivity
with physical systems [21]. Both 3D modeling and digital twins are valuable academic
tools catering to various disciplines with different objectives. With the increasing interest
in the production of 3D modeling and the creation and maintenance of digital twins for
urban planning and historic preservation, researchers have started to explore the use of
UAVs to augment these models. While the manual cost and time required to generate and
render 3D models for urban planning can be severe, UAVs have the advantages of low
initial cost and short time required for data acquisition. The use of UAV aerial photography
in urban planning mostly remains at the image collection stage, with image analysis and
data measurement being limited. Integration with existing tools and methods used by
planners and historic preservation professionals remains uncertain, although the adoption
of machine learning techniques in planning may make image analysis more common in the
future. UAV technology has not been fully integrated into 3D modeling processes or the
practical application stage of Geographic Information Systems (GIS). Further development
is necessary to enhance its potential for creating three-dimensional models. The enhance-
ment of the creation and maintenance of digital twins is crucial for urban planning and the
improvement of planning support systems. We hypothesize that combining UAVs with 3D
modeling could aid in integrating and analyzing information about the built environment.
In recent years, rapid modeling through UAV aerial photography technology and GIS,
Pix4Dmapper (Pix4D version 4.8 SA, Lausanne, Switzerland), Smart3D/ContextCapture
(version 10.20.0.4145 Bentley Systems, Inc., Exton, PA, USA), PhotoScan (version 2.0.3
Agisoft LLC, St. Petersburg, Russia), and other software has begun to appear in urban
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planning [22], suggesting a tendency towards the expanded application of UAVs in the
field of urban planning.

The primary objective of utilizing UAVs is not merely the pursuit of technological ad-
vancement in isolation; rather, it is to significantly enhance the processes of data acquisition
and analysis in the fields of urban planning and historic preservation. These domains often
grapple with the limitations of existing data sources such as Google Street View and satellite
imagery, which may not provide the up-to-date and high-quality information required to
effectively manage changes in the urban environment. The integration of UAV technology
aims to address this pressing issue by providing practical solutions. By harnessing the
capabilities of UAVs, we intend to bridge the existing gap between the demand for accurate
and timely spatial data and the constraints of current methods. This bridge is crucial to
fulfilling the essential needs of urban planning and historic preservation. UAVs present a
pathway to improved quality and accessibility of the data needed for these disciplines, ulti-
mately facilitating more informed decision-making. In our comprehensive study, we adopt
a panoramic approach to offer readers a thorough understanding of how UAV technology is
steadily becoming an integral part of urban planning and historic preservation practices. By
encompassing a wide range of applications, challenges, and emerging trends, our research
aims to provide insights that cater to the diverse needs of researchers, practitioners, and
policymakers. Our intent is to provide a valuable and comprehensive reference, enabling
readers to develop a holistic comprehension of this dynamic and evolving subject area.

The guiding questions for this paper are as follows. First, how can UAV technology
be effectively applied as a 3D modeling tool in urban planning and historic preservation?
Second, what are the existing research gaps within the published articles? Third, what
limitations significantly impact the implementation of UAVs?

The subsequent sections of this paper offer a comprehensive overview of our research
methodology, including details on the systematic literature review, materials and methods
employed, and incorporation of bibliometric analysis. Moreover, this paper explores
specific case studies that showcase practical applications of UAVs in planning and historic
preservation contexts, providing valuable insights into their deployment and efficacy
in supporting various aspects of these fields. Additionally, our analysis delves into the
opportunities and barriers associated with leveraging drone technology to facilitate the
creation and utilization of digital twins, shedding light on the potential benefits and
challenges of integrating UAVs into planning and historic preservation practices.

This article responds to the needs outlined in the Special Issue on 3D City Modelling
and Remote Sensing: Advances, Challenges, and New Technologies for advancements
in capabilities for modeling at scales from individual buildings to whole cities in their
geospatial contexts [23]. Our paper delves into the evolving role of Unmanned Aerial
Vehicles (UAVs) as a transformative tool in historic preservation and urban planning. The
central theme of our work aligns with the broader goal of leveraging advancements in
remote sensing technologies to enhance planning and preservation practices within urban
areas. By systematically reviewing the literature and conducting a comprehensive analysis,
we aim to identify specific ways in which UAV technology contributes to the improvement
of spatial data acquisition and analysis.

As digital societies increasingly rely on information, our paper emphasizes the critical
role of UAVs in providing accurate and up-to-date spatial data for urban planning and
historic preservation. The integration of UAV technology into these fields is pivotal in
light of the limitations of existing data sources such as Google Street View and satellite
imagery. Our study highlights the potential of UAVs to bridge the gap between the
demand for high-quality spatial information and the constraints of current methods. By
adopting a panoramic approach, we explore diverse applications, challenges, and emerging
trends, contributing to the broader discourse on the significance of remote sensing in
urban environments.

Moreover, our research addresses the thematic emphasis of the special issue by specifi-
cally examining how UAVs can serve as a 3D modeling tool in urban planning and historic
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preservation. We analyze existing research gaps within published articles, identifying areas
where further exploration and innovation are needed. Through case studies, we provide
practical insights into the deployment and efficacy of UAVs in supporting various aspects of
planning and preservation. Additionally, our analysis explores opportunities and barriers
associated with integrating drone technology to facilitate the creation and utilization of
digital twins, a concept that is gaining prominence in the context of urban planning.

This paper underscores the growing synergy between Building Information Models
(BIM), Geographic Information Systems (GIS), and UAV technology. The convergence of
these domains holds the potential to create more detailed and integrated 3D city models,
offering a unified view of geospatial information. As smart cities increasingly demand
integrated views and data standards, the integration of BIM and GIS with UAV technology
is emerging as a crucial avenue for future developments in urban planning. Our paper
aims to contribute valuable insights into the evolving landscape of remote sensing tech-
nologies, offering a foundation for further research that can elevate the importance of these
technologies to aid in improving planning and preservation within urban areas.

2. Materials and Methods

In this paper, we have conducted a systematic literature review to investigate the
application of UAVs for 3D modeling in urban planning along with potential issues. Rel-
evant literature from the past two decades was analyzed through a systematic review.
Selection of papers was based on the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [24].

2.1. Eligibility Criteria

The selection of papers was based on the following specific inclusion criteria: studies
published between 2002 and 2022 and studies addressing the use of UAVs and 3D modeling
in urban planning-related fields, including research articles, review articles, and technical
notes. Thanks to the authors” dual language proficiency, we decided to include both English
and Chinese language articles in the search.

To ensure a high level of quality, we applied the following exclusion criteria: articles
discussing the application of UAVs in fields unrelated to planning and articles published
before 2002; in addition, we excluded book chapters, letters to editors, and conceptual
papers. It is important to highlight that the manual screening process, wherein articles
were rigorously assessed based on their titles and abstracts, resulted in the exclusion of a
considerable number of studies. The predominant reason for exclusion was discernible mis-
alignment with the central theme of our research. A substantial portion of these excluded
articles demonstrated a technical orientation or were focused on non-planning topics, en-
compassing subjects such as path planning, motion planning, machine learning, inspection
and monitoring, and other non-relevant areas. This stringent screening procedure ensured
that our analysis encompassed only studies closely aligned with the core objectives of
our research.

2.2. Information Sources

Research was conducted using three online search databases: Science Direct, Web of
Science, and China National Knowledge Infrastructure (CNKI). The filter options available
on these databases were utilized to identify relevant papers in accordance with the eligibility
criteria outlined above.

2.3. Search

The search was carried out using specific keywords (“UAV” OR “Unmanned Aerial
Vehicle” OR “Drone”) AND (“3D” OR “Three Dimensional” OR “Digital Twin”) AND
(“Urban Planning” OR “Regional Planning” OR “Preservation”) to ensure a thorough and
systematic coverage of the literature. Digital twins and 3D modeling both involve the
representation of physical objects in a three-dimensional format, and both incorporate
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visual and geospatial information. However, digital twins go beyond static 3D models by
including dynamic real-time data about the physical object or environment. In contrast, 3D
models are primarily used for visualization and design purposes, and are generally static
representations. Hence, we decided to incorporate digital twins into our study.

After obtaining the search results, duplicates were removed by exporting the data to
Zotero, then an initial screening of titles and abstracts was followed to extract relevant studies.

Figure 1 presents a visual representation of author keywords that appeared at least five
times in relation to UAVs, 3D modeling, and urban planning. VOS viewer software (version
1.6.19) was used to generate the visualization, which shows the keyword clustering based
on theme. The identified clusters include UAVs, photogrammetry, and point clouds; path
planning, optimization, and urban environments; and artificial intelligence, sustainability,
and smart cities.

genetic algorithm
~

collision@voidance
algogithm
-

-
pﬁth Wning optimization

obstacle @avoidance

masonry

3d - -
" unr’r?annedwwmv&ncles
simulation & \ communication
ial hicl fusion
unmanne lal venicie
® @ bibliometric analysis
P : drone S -
heritage 3d migdeling e @ uavs |ntern0‘th|ng%
- . w ol
digital photogrammetry technaelogies @smarticities . covig-19
photowmetry | e diges urean % S o
! ockehain
stin change detection clas tion fed(zatedlearmngv
7 i s » ridac
terrestrial |48er scanning . cultural heritage . DErnE art:ﬂqalwlhgence Py
N J Y @
f’o”@ou{j : . machine learning
lidar < sustaifiability
documentation @ i - L @&
remote sensing climateghange governance
= management :
& . dlsastel’ﬂﬁ\agemen&
\ - automation
augmented reality d€ep learning
cfd Vegetation” image processing

mixedreality

hyperspectral aerialimages
computer vision

Figure 1. Network visualization of co-occurrence of author keywords.

The visualization graph generated by VOSviewer contains color-coded clusters that
highlight patterns and trends in planning and preservation, offering valuable insights for
future research. The graph reveals distinct patterns of co-occurring author keywords in the
titles and abstracts (Figure 1). The graph depicts various groups of research subjects and
journals using different colors, offering a visual representation of the links between urban
planning, UAV technology, and 3D modeling.

Figure 2 depicts the keywords that surfaced most frequently during our search. The
color-coded clusters represent distinct groupings of author keywords that appeared fre-
quently in the retrieved literature. The largest and most prominent cluster in the visu-
alization is centered around the keyword “photogrammetry”. This cluster signifies the
paramount importance of photogrammetry in the context of UAVs and urban planning. It
emphasizes the extensive use of photogrammetric techniques for data acquisition and mod-
eling in urban environments. The second-ranked keyword cluster is “machine learning”,
which is noteworthy for its prominence. This cluster highlights the significant role of ma-
chine learning techniques and artificial intelligence in the analysis of data collected through
UAVs. The prevalence of this cluster underscores the growing integration of advanced
data processing methods in the field, enabling more precise and automated data analysis.
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The “remote sensing” cluster, another sizable and distinctive entity in the visualization,
underscores the importance of remote sensing technologies in urban planning and historic
preservation. Remote sensing techniques, which are often coupled with UAVs, enable the
acquisition of data over large areas and provide valuable insights for various applications,
including environmental monitoring and land use planning. The “cultural heritage” cluster
is particularly vital in the context of urban planning and historic preservation. This cluster
reveals the considerable focus on preserving cultural heritage in urban environments,
emphasizing the critical need for protecting historical and cultural assets within modern
city planning. The “point cloud” cluster is significant as well, as it relates to the utilization
of point cloud data generated by UAVs and other technologies. These data are fundamental
for 3D modeling, urban design, and preservation projects. On the other hand, the relatively
smaller clusters of “planning” and “3D modeling” indicate a potential gap in the literature,
and highlight the need for further research and exploration in these areas.

To summarize, while the diagrams reveal the presence of published papers within
specific clusters (e.g., with keywords such as remote sensing, photogrammetry, architecture,
visual reality, etc.), it is noteworthy that a significant portion of the articles identified
through keyword searches predominantly emphasized technical aspects, including machine
learning, deep learning, artificial intelligence, path planning, and the internet of things,
rather than being centered on urban planning or historic preservation themes. Notably, the
keywords “remote sensing” and “cultural heritage” emerge as frequently associated with
planning and preservation. This observation suggests that the existing body of research
in this domain may be relatively limited in terms of studies closely aligned with urban
planning and historic preservation. Furthermore, the existing literature predominantly
focuses on cultural heritage as a key area of interest.

Hence, this study can offer valuable insights into the relationships between different
fields of research by identifying trends and highlighting potential growth areas by analyzing
bibliometric data and visualizing the results, thereby serving as a useful resource for
planning researchers and informing future research endeavors.

8is
lidar
culturaliheritage
deep (garning
remotggsensin
pointicloud g
photoggammetry
machinglearning
3d reconstruction
}Jf\l artificial intelligence
unmanned @erial vehicle internetf things
unmanned derial vehicles
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Figure 2. Occurrences of keywords.



Remote Sens. 2023, 15, 5507

7 of 27

2.4. Study Limitations

This systematic literature review, while comprehensive, is not without its limitations.
The broad scope of our study, which encompassed research articles published between
2002 and 2022 in both English and Chinese, was a deliberate choice to capture the full
spectrum of research activities in the domain of UAV 3D modeling and urban planning.
This approach allowed us to provide a comprehensive overview of the field, offering
insights into the range of applications, challenges, and emerging trends. We recognize that
a narrower or more focused scope might yield different and possibly more specific results.
A more narrowly defined study could delve more deeply into specific aspects of UAV 3D
modeling or concentrate on particular subfields of urban planning. Conversely, a broader
scope could include a wider array of applications and interdisciplinary studies, especially
our subject, urban planning, which covers a wide range of areas.

The vast body of literature on UAV 3D modeling and urban planning can be catego-
rized into several subcategories, including UAV photogrammetry, point cloud analysis,
urban simulation, and smart city applications, among others. Future research endeavors
could explore these subcategories individually by conducting more focused systematic
reviews to unearth deeper insights within each domain. Such studies might delve into
the specific challenges and opportunities inherent to each subcategory in order to guide
researchers, practitioners, and policymakers more effectively.

In conclusion, the broad scope of this study was chosen to showcase the wide range
of research activities and applications at the intersection of UAV 3D modeling and urban
planning. While this may introduce diversity into the study results, we believe that it
offers a comprehensive view of the evolving landscape in this field. These limitations are
acknowledged, and we recommend that future research should consider delving into the
subcategories identified within this broader domain to provide more targeted insights
and solutions.

2.5. Study Selection

Initially, 1186 articles were identified and assessed based on their title and abstract.
A substantial portion of these excluded articles demonstrated a technical orientation or
focused on non-planning topics. Hence, 1114 articles were not related to UAV for planning,
and as such were deemed irrelevant to our research and excluded. The remaining 72 articles
underwent full-text screening; 49 of these did not meet the eligibility criteria, leaving
23 articles for inclusion in the final in-depth literature review. Figure 2 illustrates the search
strategy, which complied with the PRISMA guidelines.

The study adhered to the guidelines outlined by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) for systematic literature reviews [25,26].
Our review followed the conditions outlined below. It was grounded in articles sourced
from the Science Direct, Web of Science (WOS), and China National Knowledge Infrastruc-
ture (CNKI) repositories, published within the last two decades, and based on relevant
keywords. We considered articles that incorporated the specified keywords within their
titles, abstracts, or keyword sections for inclusion in our analysis. The search process was
systematically executed using the search strings outlined in Figure 3. Our study selection
process entailed keyword searches, de-duplication, and qualitative analysis through the
examination of abstracts and keywords. We employed the VOSViewer tool for analysis
of the retrieved articles, which involved a detailed review and keyword matching. To
ensure the reliability of our findings, we compared them with those of other studies in
order to identify consistencies. All of the studies included in our review were subject to
the same set of rules. We have listed and defined all the outcomes for which data were
sought, including any methods used to decide which results to collect. It is important to
acknowledge that our specific selection criteria and the keyword-based article retrieval
process may not have captured all published articles, reflecting the inherent limitations of
the employed approach.
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Articles identified through
database searching:
Total (n = 1308)
Web of Science (n = 208)
Science Direct (n = 967)
China National Knowledge
Infrastructure (n = 133)
Articles after duplicates removed
using Zotero:
n=1186
Articles screened by title and Articles excluded with reasons:
abstract: R n=1114
n=1186 Not related to UAV for planning
Full-text articles reviewed and Articles excluded with reasons:
assessed for eligibility: _ > n =49
n=72 Not related to 3D modelling or
digital twins
Not related to UAV for modeling
Not related to planning or
preservation
—_—
Articles included for in-depth
review and analysis:
n=23
—

Figure 3. Study search strategy.

2.6. Analytical Framework

This study analyzed a subsection of research papers in order to address our guiding
research questions relating to the use of UAVs in planning and preservation contexts and
to the potential of 3D modeling and drone technology for enhancing research and practice
in thse fields. In addition, the potential barriers and limitations that hinder the widespread
use of UAV technology and suggested possible solutions to overcome these obstacles were
analyzed as a means to encourage further research in this field.
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3. Recent Studies on the Use of UAVs in Planning

The use of 3D modeling has been prevalent in various fields; at present, an expanding
trend involves the utilization of 3D modeling technology in the preservation of historical
sites [27-30]. However, the terms “drone”, “UAVs”, and “unmanned aerial vehicles” were
not discovered during a search for articles published in the Journal of the American Planning
Association, a flagship journal within the field of planning, since the year 2000. This
highlights the limited scope of published scholarship in this specific area.

Moreover, a broader search of journals revealed that the use of UAVs in urban planning,
particularly in relation to 3D modeling, is relatively restricted. However, an analysis of
the recent literature output indicates a notable increase in UAV publications since 2015.
It is worth noting that the Journal of Planning Education and Research issued a special call
for urban digital twin papers in 2023. Although this call did not explicitly mention UAVs
or drone technology, it is an example of the attention being paid to the prominence of 3D
modeling technology in a journal that typically focuses less on the technical aspects of
representing the built environment.

At present, it remains uncertain whether this call will generate examples showcasing
the use of UAVs to enhance 3D models. However, it is possible that detailed, accurate, and
honest representations of existing buildings could have ethical implications for the devel-
opment of 3D models. As an example, researchers have pointed to the misrepresentation of
buildings in the creation of digital 3D representations [31]. Drone photogrammetry might
be a way to better represent cities in the way that they are actually built.

3.1. Overview of UAV Usage in Planning

The growing body of publications suggests that UAVs have gained increasing attention
among researchers, showing that UAVs have been applied to more fields as an emerging
remote sensing technology [32-35]. UAV usage can be seen in publications related to
transportation planning, historic preservation, land use planning, park activity monitoring,
and sustainability planning [36,37]. For example, Bhatnagar et al. [38] presented a new
technique for mapping wetlands using drone imagery and satellite imagery with the aim
of reducing the need for costly and time-consuming field surveys. The authors captured a
small number of drone images and used them to train a classifier that was then applied
to satellite imagery. In another study, Donaire et al. [39] explained how drones or UAVs
can take zenith images without visitors’ direct participation while offering highly accurate
spatial information. Their article outlines the methodology for utilizing drone imagery
to perform a quantitative analysis of tourist behavior and travel routes in an urban set-
ting, illustrating how drone images can be used to gain insights into travel patterns and
crowd behavior. This can help urban planners to make better decisions and improve the
visitor experience.

Despite the diversity of UAV research in the above fields, the use of UAVs for 3D
modeling in urban planning has been largely overlooked. Our literature review revealed
a scarcity of research papers that solely investigated the use of unmanned aerial vehicles
(UAVs) for creating three-dimensional models and extracting practical information to
aid urban planners in their decision-making processes. As a result, in this paper we
aim to bridge this gap by conducting a comprehensive review of the topic and laying
a foundation for future research on the application of UAVs in urban planning. Table 1
provides an overview of the existing planning literature on the use of UAVs in 3D modeling,
highlighting the technologies used and future opportunities for research.
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Table 1. An overview of the existing planning literature on the use of UAVs in 3D modeling.

Author Findings Implications for Future Work Hardware Software
The authors suggest that using
UAV-based photogrammetry is a Building Information Modeling
cost-effective and efficient tool for (BIM) can be beneficial in
Karachaliou mapping historic buildings and can  preserving historical buildings and DJI Phantom 3 P REVIT Autodesk,
etal., 2019 [40] produce results from high-quality ~ propose that future research should antom o £ro Agisoft PhotoScan
3D models to Building Information concentrate on enhancing
Models (BIM). BIM-based documentation for
heritage sites.
A paper on UAV photogrammetry The potential of oblique
and its implications in urban photogrammetry in various areas,
planning. Oblique photogrammetry such as spatial analysis,
Li, 2018 [41] can significantly improve mapping investigating illegal construction, NA NA
’ accuracy and has more intersection assisting with planning approval,
light than vertical photogrammetry, and safeguarding historical
resulting in higher 3D model buildings, requires further
accuracy. exploration through research.
UAV photogrammetry can be used
to develop realistic 3D models of The application of photogrammetry
- archaeological sites with high in the management of historical
T§511q7 e[ig]l i accuracy to preserve digital 3D sites can be further explored to DIt Phagg(ir&]& Sony Photoscan
models in the management system make it a mainstream tool for
for future reconstruction of archaeological conservation.
historical sites.
Automated UAV techniques can be
applied along with terrestrial The application of advanced
photogrammetry to generate technologies such as LiDAR in D]IIPhapto;n 4 IﬁTK/
Berrott et al hyper-realistic 3D models that can generating 3D models can be Zenr?l?ng; 4 é’v iﬁkon Lightroom, ArcGIS
2021 [43] ’ be used forllargg—scaledu}lz}\lters'lty further explgred to nltnprove D750, Canon £OS 5D Pro, 3D ‘Acute
campus planning and historic accuracy and generate more Mark ITI, TOPCON
preservation and public outreach as realistic representations of GR-3 GPS unit
well as potential virtual reality (VR) real-world environments.
and augmented reality (AR) tours.
Augmented reality combined with
drqng s can f?dhtate publ}c There is potential for further
participation in urban design exploration of the use of augmented
Kikuchi et al., decision-making processes through reality in urban planning and Nfis SketchUp Make,
2022 [21] lmplenf‘e“m,“o’, dEtaﬂ,Ed 3D models design, particularly in enhancing DI Mavie Mini InfraWorks, OBS
of the city (digital twins), which can - R . Studio for AR
: . public participation during the
achieve both first-person and decision-making process
overhead views in outdoor AR with ’
occlusion handling.
UAV-assisted 3D modeling can be a Oggg}ilgé ;if)ecigcs}ll;; ;aeaigreni ttgrs
time-efficient and cost-effective such as camera characteristics, Mikrocopter XL 8, )
Erenoglu et al., approach for urban planning, and . ! ¢ Canon EOS-M, Satlab Agisoft
. image scale, quality of imagery, and 7
2018 [44] can be used for mapping damages hardware capaci . S1500 GPS, Kolida Photoscan, ArcMap
L% pacity to improve the -
safely and efficiently after accuracy of UAV-assisted KTS5-442 RLC station
natural hazards. 3[})’ modeling,
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Zhang et al system empowered with artificial data analysis and decision}-’making D1000-50/Color
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achieve real-time 3D reconstruction ICP Track
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preservation efforts.
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Table 1. Cont.

Author

Findings

Implications for Future Work

Hardware

Software

Alsadik et al.,
2013 [15]

The proposed automated camera
network method for 3D modeling
of cultural heritage objects showed
improved accuracy and average
coverage, with a significant
reduction in the number of
cameras required.

The image orientation steps
required for obtaining
high-resolution images need
improvement in the future, and
more reliable bundle adjustment
can be achieved by using the sparse
bundle adjustment package.

NA

Agisoft Photoscan,
Microsoft Photosynth

Skondras et al.,
2022 [47]

UAUVs can fly in urban areas where
airplanes cannot operate and
produce high-resolution 3D

modeling; thus, the use of UAVs is

expected to increase in the future.

Future studies could investigate the
integration of data obtained from
the built environment with local
spatial knowledge, as well as the
creation of georeferenced and
scaled models.

DJI Phantom 4 Pro

Pix4D Capture and
Mapper, Blender

Xu et al.,
2016 [48]

Using a minimum spanning tree to
construct scene correlation network
can reduce the computational cost
of image matching in
Structure-from-Motion (SfM) for 3D
scene reconstruction from UAV
images while preserving the
accuracy and completeness of the
final scene geometry.

The computation required for large
volumes of images in
Structure-from-Motion (SfM)-based
methods for 3D scene
reconstruction has increased
significantly. Future work is needed
during the image matching phase,
which is among the most
time-consuming stages of
SfM methods.

Fixed-wing UAV,
Canon EOS 5D
mark II

Pix4Dmapper,
PhotoScan, Micmac

Ferworn et al.,
2011 [49]

Commercial off-the-shelf hardware
can be used to create a system that
aids in disaster response efforts by
allowing for aerial surveying and
the creation of 3D models.

A more autonomous system could
be developed to improve data
quality and consistency, with
real-time onboard point cloud
modeling used to immediately
direct search and rescue efforts.

MK Hexakopter 2

Microsoft Kinect
video game peripheral

Gatziolis et al.,
2015 [14]

GPS-enabled UAVs can be used for
precise scaling of reconstructed tree
point clouds. Higher image overlap
does not significantly improve the
accuracy or completeness of
tree reconstructions.

Further research is needed for
navigation precision in confined
areas and obstacle avoidance in

forested environments.

APM: Copter, Custom
built DJI f550
UAV hexacopter

Mission Planner

Mohd Noor
et al., 2020 [50]

The integration of MLS and UAV
data can produce high-quality 3D
models of building structures for
cultural heritage purposes based on
results of Malay cities.

The MLS approach can be
expanded to capture other elements
of the urban environment, such as
vegetation, infrastructure, and
natural features.

DJI Phantom 3,
Topcon IP-S3 HD
laser scanner

A%isoft PhotoScan,
ESRI City Engine

Manajitprasert
etal., 2019 [51]

This study found that the UAV-SfM
approach is an effective and
accurate tool for modeling 3D
cultural heritage based on a case
study conducted in Thailand.

Subsequent research could explore
the incorporation of oblique images
to identify and document minute
details, thereby enhancing the
effectiveness and precision of this
technique as a substitute for
laser scanning.

DJI Inspire 1 Pro,
Riegl
LMS-Z210 scanner

Pix4D, CloudCompare

Remondino,
2011 [52]

The authors found that 3D
modeling and scanning technology
contributed significantly to the
documentation, conservation, and
presentation of
heritage information.

Developing new algorithms and
methodologies can improve the 3D
restitution pipeline, increase data
storage, and improve the
accessibility of geospatial data to
non-expert users.

Helicopter,
SLR camera

3D Studio Max, Maya,
Sketchup, Blender

Yan et al.,
2021 [53]

Using an optimized trajectory can
significantly improve the
performance and quality of aerial
3D urban reconstruction.

Future work could focus on further
improving the efficiency and
accuracy of the proposed method
and extending it to other types
of scenes.

DJI Phantom 4 Pro

Unreal4, COLMAP

Koch et al.,
2019 [54]

An automatic 3D UAV flight
framework can generate
high-quality 3D models while
ensuring safe flight paths in
complex and densely
built environments.

Future research could encompass a
more flexible strategy for viewpoint
placement that includes multiple
orientations for each camera
viewpoint while taking into account
the materials of individual
object parts.

DJI Mavic Pro 2

Pix4D, Blender
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Table 1. Cont.
Author Findings Implications for Future Work Hardware Software
UAV data were used to generate a
D tal real 3D model and extract the lake Future work could explore the DJI Phantom 4 Pro, Bentley Context
2‘63? f55a] v boundary, enabling accurate potential of automatic driving Huawei Capture Center 4.4,
representation of the lake’s technology in lake estimation. no. 3/Apache 3 DP-Modeler 2.3
actual scene.
COH;E;T::% te;l:itgzl\}aser Further investigation is required to
hoto, ramme%r into a hybrid decrease positional inconsistencies Leica Aibot X6, Son
Jo and Hong, p techr%olo car}lle nhanceythe between the two survey Alpha 6000 Tr,imblz Agisoft PhotoScan
2019 [56] [ECAN0I0gy A technologies and assess how they P ’ Profesional Edition
reliability and applicability of 3D d di . 1 R6 Model 3
dicital d tation and spatial vary depending on various scales
1gital documentatio P and geomorphic environments
analysis for cultural heritage sites. & P ’
Using a digital elevation model
N N i el i oy
- rofessional Edition,
etal., 2021 [57] tailored .to the topogrfiphy of each algorithm based on the DEM of the DJI Phantom 4 Pro ESRI ArcMap,
geosite can offer significant rud CloudCompare
advantages over conventional study area. P
image collection methods.
UAV-based photogrammetry is a .
Templin and cost-effective and efficient approach Fllltu.r e work could include DJI Phantom 4 PRO, CloudCompare,
. . . exploring possibilities of using P AgiSoft Metashape
Popielarczyk, for accurately scanning, surveying, higher-resolution cameras for Sony RX100 II, Leica Professional
2020 [58] and capturing reality in 3D when & ScanStation C10 Professiona
. . better results. Edition, Cyclone
documenting cultural heritage.
This study found that UAV 3D
rréodeling with hig_{,lh-resl,ohftion}{{ S Future work should include more
: ta can accurately calculate the : ; : .
Liang et al., N . raey . time points to improve accuracy in .
2017 [59] three-dimension green quantity the use of 3DGQ in urban green Zero UAV YS09 Pix4D

(83DGQ) of urban green spaces
based on a case study conducted
in China.

space design and planning.

3.2. Main Application Analysis

One important application of UAV photogrammetry is damage assessment and recon-
struction of cities [60]. Building destruction is a common byproduct of war and natural
disaster. It is very often the case that original drawings and pictures that directly reflect
the original appearance of the buildings cannot be found. Therefore, researchers can
only use other materials to compare and restore them step by step. In this context, UAVs
can be applied to a city’s post-war reconstruction; photogrammetry allows researchers
to create highly accurate models of ancient buildings and antiquities, while 3D models
provide comprehensive digital data for infrastructure repair. Remarkably, despite the
evident potential of UAVs in this domain, there is a surprising lack of scholarly articles
specifically addressing this application. Further research and exploration in this area could
significantly enhance the understanding and utilization of UAV photogrammetry for urban
reconstruction endeavors.

Several challenges have been encountered in the use of photogrammetry to preserve
cultural heritage. Many ancient and older heritage buildings have often undergone signifi-
cant structural and appearance changes due to weathering, and may be fragile, making
surveying difficult. In addition, recording details such as carvings and colors require close-
up observations, which can be challenging. The remote and complex locations of many
ancient buildings pose difficulties when manually setting up surveying equipment. Direct
contact with fragile historic sites and ancient buildings can cause irreversible damage.
UAVs provide a safe and non-contact solution for surveying and mapping, potentially
revolutionizing the digitization of cultural heritage protection. The use of UAVs not only
has the potential to enhance 3D documentation for the preservation of cultural resources,
it could translate into new modes of historical interpretation through enhancements to
virtual reality and augmented reality.
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3.3. Common Themes

A number of studies have focused on using UAVs to map and model cultural heritage
objects, urban spaces, and disaster sites with the goal of preserving, managing, and recon-
structing historical sites in the future. While several studies have discussed the advantages
of oblique photogrammetry over vertical photogrammetry in achieving higher accuracy in
mapping, others have emphasized the necessity of developing systems that incorporate
advanced technologies, such as 360° cameras and LiDAR technology, in order to generate
precise representations of real-world environments [61].

Among the articles that we reviewed, many have common themes; for example, Li,
2018 [41] demonstrated the application of UAV photogrammetry in urban and regional
planning, while Erenoglu et al., 2018 [44] studied the use of UAV technology for 3D mod-
eling in relation to urban planning. Zhang et al., 2022 [45] presented a drone system
empowered with artificial intelligence for real-time 3D reconstruction. Kikuchi et al. [21]
created a method for visualizing urban 3D models through an outdoor augmented reality
digital twin approach that provides low latency between the controller and the augmented
reality digital twin device. In the context of historical preservation, Kikuchi et al., 2022 [21],
Tariq et al., 2017 [42], and Berrett et al., 2021 [43] all focused on creating 3D models of
historical sites using UAV photogrammetry and other technologies. Karachaliou et al.,
2019 [40] developed an HBIM model of a museum using UAV photogrammetry, while Tariq
etal., 2017 [42] used UAV photogrammetry to produce 3D models of archeological sites in
Pakistan. Berrett et al., 2021 [43] developed a hyper-realistic 3D model of a university cam-
pus in the USA using UAV techniques in combination with other technologies. Li, 2018 [41]
and Erenoglu et al., 2018 [44] both aimed to investigate the accuracy of UAV-based 3D
modeling in urban planning, while Zhang et al., 2021 [45] focused on developing a real-time
3D reconstruction system using UAV technology. Kikuchi et al., 2022 [21] developed an
outdoor augmented reality digital twin approach for public participation in urban design
decision-making processes.

Several studies have demonstrated the potential of UAV photogrammetry in creating
realistic 3D models of historical buildings, with Tariq et al., 2017 [42] using photogrammetry
to develop accurate 3D models of archaeological sites in Pakistan and Karachaliou et al.,
2019 [40] using UAV photogrammetry to create an HBIM model of the Averof’s Museum
of Neohellenic Art in Greece. Erenoglu et al., 2018 [44] further investigated the accuracy
of UAV-based 3D modeling and found it to be reliable and adaptable to different 3D
modeling applications.

A number of studies have explored the use of UAVs to aid in disaster response, in-
cluding Ferworn et al., 2011 [49], who suggested the use of readily available hardware
to develop a system that can capture aerial data on disaster sites and create 3D mod-
els, potentially enhancing the effectiveness of existing disaster response techniques and
guidelines. Soulakellis et al., 2020 [62] examined and proved the feasibility of using drone-
based Structure-from-Motion (SfM) methods to aid in post-earthquake recovery. Similarly,
Zhang et al., 2022 [45] presented their development of an artificial intelligence-empowered
drone system that achieves real-time 3D reconstruction, which could be used for practical
applications for data analysis and decision-making.

Studies have shown that UAVs have great potential when combined with other tech-
nologies. Campbell, 2018 [46] demonstrated the use of drones, photogrammetry, and virtual
reality (VR) in documenting and preserving cultural artifacts at the Lelu ruins in Micronesia.
Additionally, a UAV system powered by artificial intelligence with the ability to perform
real-time 3D reconstruction of urban cities was presented in [45]; using a combination of
depth fusion and visual-inertial odometry, this system allows for improved 3D model
quality and interactive navigation guidance.
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3.4. Common Method and Model

The utilization of UAVs in urban planning and protection involves various methods,
technologies, and models for image processing and modeling analysis. These methods
contribute to the effectiveness and efficiency of UAV-based data collection and analysis.

Several key studies have highlighted the innovations in this field; for instance, one
study presented a multi-UAV coverage path planning method for 3D reconstruction of
post-disaster damaged buildings [63]. The methodology involved generating camera loca-
tion points surrounding targeted damaged buildings, filtering and sorting these points, and
optimizing routes to balance flight distance and time. The proposed method outperformed
conventional overhead flight with the nadir-looking method, resulting in higher-quality
3D models. This study highlights the importance of UAVs along with their role in captur-
ing high-resolution images and detailed information for assessing damage situations in
specific areas.

The integration of OpenStreetMap (OSM) data with the Advanced Land Observing
Satellite-2 World 3D-30 m (AW3D-30) digital surface model (DSM) has demonstrated
substantial potential for scientific research, in particular due to the increasing size of OSM
data and the global coverage of AW3D-30 [64]. This study emphasized the need for a
global completeness assessment of OSM data in order to enhance its utility, acknowledging
concerns about data quality, as OSM data are primarily contributed by non-professionals.
Nonetheless, OSM remains a valuable source of 2D building data, especially in regions
where authorized building data are not freely available.

In terms of data extraction and surface reconstruction, Pix4dDmapper software (version
4.8) is commonly used for transforming images collected by UAVs into various outputs,
such as 3D point clouds, orthomosaics, and DSMs [47]. The software employs computer
vision and photogrammetry techniques to process geo-tagged images and generate dense
point clouds, 3D meshes, and textured models. Additionally, Blender (version 4.0), an open-
source 3D render software, can be used to enhance the photorealism of 3D models generated
by Pix4Dmapper. Blender enables texture mapping, lighting adjustments, denoising filters,
and other rendering enhancements to produce high-quality visualizations.

Another study proposed a city-scale digital twin approach for future landscape vi-
sualization using AR and drones. The method involved rendering AR with occlusion
handling, using a detailed city 3D model on a server PC using software such as Unity
(version 2020.1.7) and Metashape (version 1.6.0), and integrating it with an AR device to
generate both first-person and overhead views [21]. The IoU segmentation metric was used
to evaluate the accuracy when handling occlusion. The proposed method can enable free
AR viewpoints and multiple-stakeholder participation in urban design projects.

These examples demonstrate the ongoing technological innovations in image process-
ing and modeling analysis for UAV-based urban planning and protection. The integration
of OSM data with AW3D-30 DSM, multi-UAV coverage path planning methods, and ad-
vanced software tools such as Pix4Dmapper and Blender showcase the evolving capabilities
and quantitative effects of UAV image processing and modeling. These advancements con-
tribute to the generation of accurate and detailed spatial information, facilitating informed
decision-making and planning in urban environments.

3.5. Critical Challenges and Notable Gaps in the Literature

Despite the progress made in UAV 3D modeling for planning and preservation, our
comprehensive review of the literature has revealed five critical challenges and notable
gaps that currently exist within the field. These findings indicate areas where further
research and development are needed in order to fully realize the potential of UAV-based
3D modeling in urban and regional planning.

First, there is insufficient participation on the part of planning experts. One significant
observation from our review is that a considerable number of articles focusing on the
applications of UAV 3D modeling in planning-related fields were authored by scholars
from disciplines other than urban and regional planning. This highlights a gap in the
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active engagement of urban planning professionals and researchers in the development
and advancement of UAV-based 3D modeling techniques. The involvement of urban
and regional planning experts is crucial to ensure that UAV 3D modeling aligns with the
specific needs, goals, and challenges faced by urban areas. Urban planners possess valuable
insights into the complexities of urban environments, including land use zoning regulations,
infrastructure development, transportation systems, and community engagement. Their
involvement in the research process can provide a more nuanced understanding of the
urban planning context and contribute to the development of UAV-based 3D modeling
techniques that directly address the unique requirements of urban and regional planning.

Second, there were imbalances in terms of the research focus. Urban planning is
a systematic discipline that encompasses a wide range of subjects, including landscape,
design, transportation, and the environment. Beyond the well-covered areas of historic
preservation, landscape, and technical aspects, there is an evident lack of balance in the
research focus within the existing literature. The insufficient attention paid to other crucial
domains within urban planning, such as transportation, environmental sustainability, and
design, represents a significant gap in the current UAV 3D modeling research. For instance,
transportation plays a vital role in urban planning, as it directly impacts mobility, accessibil-
ity, and the overall functioning of cities. However, there is a scarcity of studies exploring the
potential of UAV 3D modeling in optimizing transportation infrastructure, analyzing traffic
patterns, and designing efficient transportation networks. Integrating UAV technology
into transportation planning can provide valuable insights into traffic flow, pedestrian
movement, and public transit systems, leading to more informed decision-making and
improved urban mobility; hence, achieving a more comprehensive balance across these
various disciplines could benefit urban planning and development. As another example,
planning should play a crucial role in aiding cities in their climate change mitigation and
adaptation efforts [65]. Detailed 3D models can be used to assess multiple land-use scenar-
ios for adaptation purposes. Moreover, 3D models are useful in identifying high-impact
areas for retrofitting building stock to reduce operational carbon [66], and can be useful in
analyzing existing building stock as a way to better estimate the embodied carbon associ-
ated with building reuse and preservation or systematic deconstruction and reuse [66,67].
Whether planning for climate change mitigation or adaptation, high-resolution data col-
lected using UAVs can assist in gathering and rendering fine-grained information about
building materials and construction types in 3D.

Third, there appears to be a lack of research pairing UAVs with 3D models to respond
to urban scenarios. With the increasing occurrence of natural disasters, wars, and conflicts
in urban areas, there is a pressing need for research on UAV 3D modeling for urban
disaster prevention and post-disaster reconstruction. However, the current literature does
not adequately explore these specific scenarios. For example, UAV-based 3D modeling
can contribute to the post-disaster reconstruction process by facilitating accurate damage
assessment, guiding reconstruction efforts, and assisting in the planning and design of
resilient infrastructure. One notable example is the work presented in [68], where the
authors employed drone imagery and 3D models to assess post-earthquake damage in
historical stone masonry buildings. The authors used computer vision, Structure-from-
Motion, and machine learning to automate damage assessment, generating lightweight
damage-augmented digital twins (DADTs) at LOD3 to eliminate the need for manual
intervention and offer efficient storage solutions. The creation of detailed and up-to-date
3D models using UAV technology can enable urban planners and decision-makers to
visualize the extent of damage, identify critical areas for intervention, and develop strategic
plans for rebuilding safer and more resilient communities. Expanding the scope of the
investigation to encompass disaster-resilient urban planning and reconstruction represents
a way of contributing to more effective response and enhanced urban resilience.

Fourth, despite the growing importance of smart cities in urban development, we
found little integration with the literature on smart cities. Smart cities aim to leverage
advanced technologies to improve quality of life, enhance sustainability, and optimize
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resource utilization. However, the existing literature lacks in-depth research on the integra-
tion of UAV 3D modeling in smart city initiatives, particularly as concerns its incorporation
with high-quality human life aspects such as smart transportation and public facilities.
By capturing detailed 3D models of existing infrastructure and urban spaces, UAVs can
aid in facility management, maintenance, and optimization. Exploring and harnessing
the potential synergies between UAV 3D modeling and smart city planning is crucial for
fostering innovation and efficiency in urban development.

Lastly, there was a lack of intersectionality with other disciplines. Urban planning is
inherently multidisciplinary and interdisciplinary, requiring collaboration and knowledge
exchange across various fields such as geography, engineering, and environmental science;
however, the current literature does not sufficiently explore the intersection between UAV
3D modeling and these disciplines. Collaborations between urban planners, geographers,
engineers, environmental scientists, social scientists, and other architects can enrich the
understanding and practice of UAV 3D modeling in urban environments. Bridging these
gaps and fostering interdisciplinary research efforts will lead to more comprehensive and
robust approaches to urban planning, enriching the understanding and practice of UAV 3D
modeling in urban environments.

Addressing these identified challenges and gaps in the reviewed articles is crucial
for advancing UAV-based 3D modeling in urban environments. By striving for a more
balanced research focus, incorporating special scenarios, fostering integration with smart
city planning, and embracing interdisciplinary collaboration, future research can contribute
to more inclusive, sustainable, and resilient urban development.

The following section builds upon the critical challenges and gaps identified above to
explore the practical limitations and barriers of UAV 3D modeling in planning contexts.
Understanding these limitations and barriers can help to address the practical challenges
that hinder the integration of UAV 3D modeling in planning practice.

4. Existing Limitations and Barriers of UAV 3D Modeling for Planning

UAVs can be very useful in 3D modeling applications thanks to their ability to capture
high-resolution imagery at a relatively low cost. However, despite their advantages, UAV-
based 3D modeling has a number of limitations and barriers. Table 2 presents a summary
of the significant limitations of UAV 3D modeling for planning.

Table 2. Major limitations of UAV 3D modeling for planning.

Type Limitation
. Regulations prohibit UAVs from flying in many urban environments [51].
Policy . There are public concerns regarding safety and privacy, as well as complicated pre-flight

scoping and setup processes [69-74].

. Trees and low light may affect line-of-sight and signal connections [14,48,75].

Environment . Weather limitations, including high wind and heavy rain, may affect stability [57,76-78].
d Planners may not have the technical background to use and maintain 3D models if they
are not integrated with more commonly used applications such as geographic
Disciplinary information systems (GIS).
. Drone imagery is not commonly gathered on a regular basis for tax assessment or other
common administrative data collection processes.
Hardware . Battery capacity and safety can represent issues [24,43,70,76,79].
d Lack of precision without RTK and cost of mapping with UAVs [76,80,81].
Software . Easy-to-use 3D modeling software can be expensive, require powerful image processing
computer devices, and lack automated image acquisition capability [47,48,52].
4.1. Policy

The increasing public presence of UAVs has resulted in a wide variety of concerns
among the public, a majority of which involve personal privacy [71,74]. Many recreational
UAVs are equipped with zoom cameras and have been seen in residential areas and private
properties without permission, leading to potential privacy issues. There are additional
concerns regarding safety, noise, and privacy due to a lack of regulations [72]. Lack of
regulation has led to safety concerns as well, as UAVs can distract drivers and cause
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car accidents in urban areas [70]. It has been found by the International Civil Aviation
Organization (ICAO) that the motors, propellers, and airframe of UAVs can produce
a significant amount of noise, which may be perceived as annoying to the public [72].
In addition, complex urban environments may interfere with the electronic signals and
obstacle-sensing systems UAVs, potentially causing consequential incidents. For instance,
when UAVs must fly in close proximity to buildings in the process of collecting data for 3D
modeling, it is possible that wind, low-light conditions, glass and other reflective material
on a building’s surface, or certain electronics may cause loss of control [14,48,75].

Various rules regulate the use of UAVs in different countries and cities. Cities such as
New York City officially prohibit the use of UAVs within the urban environment [82]. The
Federal Aviation Administration (FAA) has established guidelines to regulate the operation
of UAVSs, stipulating that they should not be flown over people and must remain within
the pilot’s line of sight [83]. A specialized license or permit is mandatory for individuals to
use a drone in a professional capacity in several countries, including the United States [84].
However, ensuring compliance with these policies can prove arduous, particularly during
3D modeling endeavors where UAVs must navigate through difficult-to-reach locations to
aid researchers. As a result, individuals may be disinclined to register their UAVs, leading
to a significant number of unregistered UAVs in operation.

Despite the FAA having created regulations regarding where pilots are allowed to
operate UAVs, there are gaps on the no-fly zone map that need to be filled. To address this
issue, the FAA should implement policies that request UAV pilots to use indicators to warn
people in the area and notify the local government. UAV manufacturers and the FAA could
develop a platform to identify UAVs in real-time and provide detailed information such
as flight location, attitude, path and other geographic information as a way to help local
governments inform individuals when necessary.

Cross-cultural communication is a critical aspect of working with teams in different
regions of the world when operating UAVs, particularly when the project involves local
historic preservation. In such situations, misunderstandings and delays in project com-
pletion can arise due to cultural differences [46]. To address this issue, researchers should
incorporate cross-cultural communication training and education into their projects. Before
conducting site analysis, researchers should carry translation devices to communicate with
residents who speak a different language, and should seeking guidance from them to
facilitate communication. This approach can promote cross-cultural understanding and
cooperation, increasing the the research project’s likelihood of success. Prior to conducting
site analysis, researchers should ensure that the residents are properly informed and en-
gaged in the process. Researchers and practitioners should be particularly mindful when
flying drones in areas that are culturally significant to indigenous people, and should seek
out appropriate cultural protocols for asking permission while refraining from flying UAVs
without prior permission being granted.

4.2. Environment

UAVs are not always stable and safe; they can cause security risks when flying near
airports, electric power grids, and other areas with high population density. In the urban
environment, UAVs may pose a threat to properties and human safety if an impact happens.
The functioning of UAVs can be greatly affected by environmental factors. According to
Hodgson and Chang [75], the line-of-sight and signal connections of UAVs can be affected
by obstacles such as trees and low-light conditions. Another constraint on line-of-sight
is the effect of obstacles such as trees, which can cause incomplete data collection and
inaccurate modeling. Despite researchers developing strategies that use Al and overlap
imaging to mitigate this problem, additional improvements remain necessary [48]. In
addition, environmental factors such as high wind, hail, and rain can impact the stability
of UAVSs, as noted by Grubesic et al. [76] and Fairley et al. [77]. Weather is generally
unpredictable, and researchers may encounter a variety of sudden environmental factors
such as high wind, hail, and rain [78]. UAV signal transmission systems, Global Position
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System (GPS), and Inertial Measurement Unit (IMU) can be impacted while flying in the
urban environment. When the GPS or IMU is compromised, UAVs manufactured by DJI
are rendered unable to position themselves or brake automatically, and enter DJI ATTI
Mode (Attitude Mode), which puts them in a manual mode that makes them susceptible
to hazardous shifting even with a slight wind. When the signal is lost, UAVs may enter
return-to-home mode; however, the obstacle avoidance system may not work in certain
conditions, potentially leading to crashes [73].

It is our belief that advancements in UAV design and engineering can address the
critical aspects of stability and resilience. It is crucial to focus on developing UAV structures
that are stronger and more durable while being capable of withstanding adverse weather
conditions. The integration of redundant systems and backup power sources alongside the
implementation of improved communication protocols will play a pivotal role in enhancing
reliability and ensuring safety. In addition to these measures, emerging technologies such
as swarm intelligence and cooperative control systems offer promising solutions to address
stability and safety concerns. These technologies can enable coordinated and collaborative
operations among multiple UAVs, thereby mitigating the risks associated with individual
failures and bolstering overall system resilience. By consistently advancing in areas such as
sensor integration, design practices, and appropriate regulatory frameworks, UAVs can
become more reliable and safe to operate efficiently in complex urban environments.

4.3. Disciplinary

Many of the studies that we identified focused on specific research projects related
to planning and historic preservation. However, there are a number of barriers hindering
the adoption of drone imagery and 3D models in the government offices responsible for
overseeing planning and preservation efforts. These barriers are often rooted in disci-
plinary and institutional factors that impede the wider integration of UAV technologies
in urban planning. One of the key disciplinary challenges lies in the different roles and
responsibilities of planners and architects/engineers in the planning process. Planners,
who assess applications for new development and make decisions based on urban planning
principles, typically do not generate their own digital models or imagery; instead, they rely
on architects and engineers to provide specialized information. As a result, there is often
no requirement for enhanced 3D models from the planners’ perspective. This disconnect
between the disciplines of planning and architecture/engineering hinders the seamless
integration of UAV-derived data and 3D models into the planning workflow.

Furthermore, urban planning programs generally do not prioritize the teaching of
Building Information Modeling (BIM) and 3D modeling skills, which are essential compo-
nents of any architectural degree. Consequently, there is a shortage of planners with the
necessary skills to create 3D models or process drone photogrammetry. This disciplinary
gap contributes to the limited adoption of UAV technologies in government planning
offices, as the personnel may lack the expertise and confidence to leverage these emerging
tools effectively.

In addition to disciplinary challenges, institutional barriers exist within planning and
preservation offices. Many of these offices have limited capacity to allocate personnel
or invest in new technologies. Moreover, routine tasks such as tax assessment as well
as long-range planning processes often rely more heavily on geographical information
systems (GIS) tools than on drone imagery or 3D modeling. The lack of both human and
financial resources further exacerbates the institutional obstacles to the wider adoption of
these technologies.

To address these disciplinary and institutional challenges, establishing partnerships
with universities is crucial. Universities often possess specialized technological capabilities
and can contribute to bridging the gap between academia, government practice, and the
non-governmental and private sectors. These collaborations can facilitate knowledge
transfer, training programs, and capacity-building initiatives. Government offices and the
private sectors can overcome shortages of skills and resources by leveraging the expertise
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and resources available in academia, thereby incorporating UAV technologies, digital twins,
and drone imagery for improved planning and preservation outcomes.

Moreover, university—government partnerships provide a platform for joint research
projects on which academics and practitioners can collaborate to develop innovative solu-
tions tailored to the needs of urban planning and historical preservation. These partnerships
can help to generate evidence-based best practices, develop standardized workflows, and
establish guidelines for the effective utilization of UAV technologies. Additionally, uni-
versities can contribute to the training and education of future planners by incorporating
UAYV technologies and 3D modeling into urban planning programs when preparing new
generations of professionals with the necessary skills to utilize these tools effectively.

4.4. Hardware

The operation of UAVs is limited by battery capacity and by environmental factors
such as wind and temperature [37]. UAV manufacturers have been working to increase
flight time without sacrificing payload; for example, better aerodynamic propeller designs
can be adopted to provide extended flight time [85]. In practice, the flight time of UAVs
typically does not exceed 60 min. As an example, DJI's newest maximum flight time UAV
is the MATRICE 300 RTK, which can reach a flight time of up to 55 min without a payload.
However, the actual flight time varies, and could be as low as 20-35 min per mission when
equipped with a Lidar + RGB aerial surveying camera (Zenmuse L1) [86]. In the meantime,
the UAV’s actual flight time may be affected by environmental and load conditions [70].
In addition, longer charge cycles and storage times lead to reduced battery life, while
flying at higher altitudes and in warmer air can decrease the flight time of a UAV, resulting
in unstable and unpredictable flight durations [6,24,79]. Notably, 3D modeling and tilt
photography commonly require more than an hour of workload, and changing the battery
during shooting is not preferred.

In addition, RTK-enabled GPS systems provide centimeter-level accuracy and precision
in positioning data, which is essential for creating high-quality 3D models [76,80,81].
Without RTK, UAVs must rely on traditional GPS systems that provide only meter-level
accuracy. This level of accuracy may not be sufficient for creating detailed and accurate 3D
models. As RTK systems are more expensive than traditional GPS systems, cost can be a
significant barrier for both UAV manufacturers and researchers. Thus, the limitations of
battery life and RTK availability represent significant challenges for the advancement of
UAVs in urban planning.

Optimizing aerodynamic designs and propulsion systems can extend flight time
without sacrificing payload capacity. Additionally, advancements in battery technology,
such as increased energy density and faster charging capabilities, need to be pursued
in order to enhance UAV endurance. Future innovations might involve the integration
of alternative power sources such as solar panels or the development of smart power
management systems to optimize energy usage. The adoption of RTK-enabled GPS systems
provides the centimeter-level precision necessary for high-quality 3D modeling. Continued
research and development efforts can lead to more cost-effective RTK solutions or to
alternative positioning technologies offering similar accuracy at lower cost.

4.5. Software

One major limitation of UAV 3D modeling is the requirement for a dependable and
high-bandwidth internet connection. The transmission of data from the UAV to the
ground station demands substantial bandwidth, and interruptions in internet connec-
tivity can hinder the timely uploading of critical data, potentially leading to the loss of
vital information [46]. Additionally, the process of generating 3D models entails a complex
computational system and often necessitates specialized technical expertise. According to
the articles we reviewed, the most commonly used 3D modeling software programs for
UAUVs consist of commercial solutions such as Pix4D and Agisoft PhotoScan/Metashape.
However, it is essential to recognize that these software packages can come with expen-
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sive licensing fees, and they may require high-end graphics cards for efficient image
processing [47,48].

To overcome internet connectivity challenges, advancements in data compression
techniques can reduce the bandwidth requirements when transmitting UAV data. Addi-
tionally, the use of onboard processing capabilities can alleviate reliance on real-time data
transmission, enabling UAVs to process and store data locally until it can be transferred
when a stable internet connection becomes available.

In terms of software limitations, it is anticipated that ongoing technological progress
will enhance the accessibility of 3D modeling using UAVs. The costs associated with high-
end graphics cards and professional modeling software may gradually decrease, making
them more cost-effective for researchers and planners alike. In the foreseeable future, the
advent of cloud-based solutions for UAV data processing and modeling is expected. Such
solutions would shift the computational workload to robust remote servers, negating the
need for expensive processing systems on the user’s end. Additionally, the development
of user-friendly software interfaces and increased availability of training courses should
streamline the 3D modeling process.

It is essential to acknowledge that the landscape of available software extends well
beyond commercial options. Researchers in fields such as computer vision frequently turn
to open-source alternatives such as COLMAP, VisualSFM, and Meshroom [87,88]. While
these open-source tools may not deliver the same level of optimization as their commer-
cial counterparts, they furnish potent resources for crafting innovative methodologies,
particularly those essential for generating 3D models.

Additionally, advancements in machine learning and artificial intelligence can assist
in automating tasks such as feature extraction, image alignment, and model generation,
thereby reducing the need for manual intervention and specialized technical knowledge. In
response to the critical need for automating image acquisition in UAV-based infrastructure
inspections, researchers have been actively developing autonomous navigation planning
systems. These systems leverage computer vision techniques and deep learning algorithms
to enable UAVs to autonomously capture images suitable for 3D modeling. One promising
application focuses on post-earthquake inspections of reinforced concrete railway viaducts;
this approach offers a solution to the time-consuming manual operation of image acquisi-
tion, achieving centimeter-level accuracy in detecting critical structural components such
as columns and allowing UAVs to progressively improve their mapping as more views are
captured during the inspection [89]. Another study introduced an automated framework
for recognizing bridge components using UAV imagery and 3D point clouds, resulting
in significantly improved classification accuracy [90]. A third paper in this research area
proposed a computer vision-based framework for automating post-earthquake building in-
spections with UAVs, offering high accuracy in damage identification and assessment [91].
These advancements are expected to reduce the cost of professional modeling software,
making large-scale modeling more accessible for researchers and planners.

5. Discussions

UAYV technology could play a more central role in urban planning and historic preser-
vation practice, especially in the use of UAVs to enhance the creation of 3D models. The
lidar and RGB sensors of UAVs are particularly effective for 3D city modeling, assessing
infrastructure height and area size, and obtaining real-time data as a new aerial surveying
tool. The application of the UAV 3D information model for urban planning is an important
branch of UAV technology application.

This paper provides a comprehensive systematic review and analysis of the current and
potential applications of UAVs in urban and regional planning and historic preservation
while addressing the existing limitations. Despite the promising opportunities offered
by UAV technology, its effective use in urban planning is hindered by various factors,
including institutional and disciplinary barriers related to the adoption of 3D modeling and
drone imagery. Additionally, limited endurance, stability, safety concerns, and regulatory
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variations pose further challenges. The complexity of 3D modeling and image processing
adds to the difficulties faced in leveraging UAVs for urban planning purposes. To overcome
these limitations and fully harness the potential of UAVs in urban planning, it is imperative
to establish interdisciplinary collaborations and forge partnerships between universities
and government entities. Unlike university—enterprise partnerships, which primarily focus
on commercial applications, university—-government collaborations prioritize research,
technical support, and the development of tailored solutions specific to the requirements
of planning and preservation offices. These partnerships offer the unique advantage of
combining academic expertise and resources with the practical needs and insights of
government planning offices. By fostering these collaborations and enhancing integration
between technologies, the advantages of UAV technology can be effectively utilized to
elevate the quality of urban planning work. In this context, researchers play a pivotal role
in promoting the further development of UAV technology and providing essential technical
support for urban planning and construction.

In spite of the limitations mentioned above, UAVs have great potential to confer signif-
icant advantages over ground-based surveying and modeling technologies, including low
cost, high accuracy, real-time creation of images, and time efficiency. In addition to taking
over the role of aerial photography, UAVs could eventually replace traditional airplane
or satellite aerial photogrammetry for small and mid-size neighborhood planning. UAVs
have the potential to perform intelligent data processing in real time, leading to a reduction
in both measurement time and cost. This can in turn improve the cost-effectiveness of UAV
aerial photography in urban planning. The obtained three-dimensional data can vividly
reflect a planning area’s appearance, position, height and other attributes, compensating for
the low-level defects of traditional artificial modeling and simulation. In addition, UAVs
can obtain more comprehensive surface texture detail and facilitate spatial analysis of the
building area ratio, building density, and sunlight in three-dimensional models, thereby
facilitating more accurate design and construction, effectively avoiding reconstruction,
and shortening construction times [92]. The main functions of UAV 3D modeling are laid
out below.

Smart city initiatives are a major area where UAV 3D modeling can be used. The
models created by UAVs provide an in-depth view of the built environment, including
the precise location and spatial arrangement of buildings, roads, and infrastructure ele-
ments [7,27,93,94]. This information is critical to decision-makers tasked with planning and
managing urban growth in a sustainable and efficient manner. The data serves multiple
purposes, enabling decision-makers to visualize and analyze the existing urban infrastruc-
ture, identify patterns and trends, and make informed decisions regarding urban growth
and development. The resulting detailed 3D models provide a comprehensive view of the
urban environment, facilitating the assessment of infrastructure capacity, traffic flow, and
resource allocation. Furthermore, the data derived from UAV 3D modeling can be inte-
grated with other data sources, such as geographic information systems (GIS) and sensor
networks, to create comprehensive and dynamic digital representations of cities. These
integrated data can then be used for various applications, including urban simulations,
scenario modeling, and predictive analysis, leading to more optimal resource utilization,
enhanced urban mobility, and improved overall urban livability.

In addition to smart city planning, UAV 3D modeling could play an even more expan-
sive role in historic preservation than it already does. By surveying and mapping historic
landmarks and buildings, UAVs can provide valuable information to urban planners and
heritage organizations. This information can be used to guide preservation efforts and
ensure that a city’s cultural heritage is preserved for future generations. For instance, 3D
models of historical sites captured by UAVs can be imported into gaming or rendering
software such as Unity, Blender, Unreal Engine, Lumion, and Twinmotion. Such integration
allows for the creation of immersive and visually engaging first-person virtual reality (VR)
mini-games. These VR experiences can be utilized as educational tools to engage and
motivate youth and students, fostering their interest in learning more about historical
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sites. By exploring the site virtually, participants can gain a deeper understanding of its
significance and cultural value. Moreover, the use of UAV 3D models in gaming or ren-
dering software can assist planners in better understanding different sites. By visualizing
historical structures and their surroundings in a virtual environment, planners can assess
the site’s potential for adaptive reuse or repurposing. This technology enables planners to
identify opportunities for integrating historical buildings into contemporary urban con-
texts while considering sustainable practices; moreover, 3D models may aid in identifying
materials suitable for reuse, contributing to sustainable construction practices and reducing
environmental impact.

Another important area where UAV 3D modeling finds use is in environmental impact
assessment [77]. By surveying and assessing the impact of new development projects on
the natural environment, UAVs can provide valuable information to urban and regional
planners. Detailed 3D models aid in visualizing ecosystem impacts and analyzing land use,
vegetation, water bodies, and wildlife habitats. This data-driven approach helps identify
sensitive areas, mitigate negative effects, and promote responsible urban development.
UAVs can be used evaluate conservation efforts, track changes over time, and enhance
transparency and public engagement through visual representations of potential impacts.

An additional context in which we believe that the utilization of UAV 3D technology
holds significant value is post-war urban rebuilding efforts. In the aftermath of wars, cities
often face intricate challenges in assessing and measuring the damage to urban landscapes,
making it challenging to plan reconstruction effectively. In such contexts, UAVs equipped
with 3D imaging capabilities emerge as a valuable solution. They can capture high-precision
aerial imagery and generate detailed 3D maps, aiding urban planners and architects in
obtaining a comprehensive understanding of post-war conditions in affected areas. This
information becomes instrumental in devising strategies for the global-level rebuilding of
damaged cities. The high-resolution imagery and precise 3D models produced by UAVs
empower planners to visualize the extent of damage, prioritize areas that need immediate
attention, and allocate resources strategically for maximum impact. By extending the
application of UAV 3D technology beyond specific regions, its potential can be harnessed to
aid in post-war reconstruction efforts worldwide, thereby contributing to the revitalization
and resilience of communities affected by conflicts.

6. Conclusions

The literature highlights a significant disparity in the use of UAVs between enhancing
3D city modeling in cultural heritage and historic preservation on the one hand versus
urban planning on the other. Urban planning can benefit from the expertise of heritage
professionals, who have long been concerned with the representation and analysis of
the built environment. Furthermore, even within preservation practice there is room
for expanding the utilization of UAVs and 3D modeling. Both disciplines face urgent
challenges related to climate change and disaster response. Preservationists and planners
share common concerns regarding properties located in coastal hazard zones, fire-prone
areas, and other climate change-related threats. Drone photogrammetry can enhance the
resolution of urban representations, enabling more effective scenario planning and citizen
engagement. This technology can aid in identifying and protecting elements of the built
environment that are at risk. Moreover, it can contribute to climate mitigation efforts by
facilitating better estimation of areas with high solar potential and identifying locations for
conserving operational and embodied energy on a larger scale. By leveraging UAVs and
3D modeling, urban planning can learn valuable lessons from heritage experts and address
pressing climate change imperatives. Collaborative efforts between these fields hold the
potential to create more resilient and sustainable urban environments.

Finally, UAV 3D modeling plays a critical role in disaster response and management.
During times of natural disasters, UAVs equipped with 3D modeling capabilities provide
real-time information about the built environment. These data assist urban and regional
planners in making informed decisions to respond effectively and efficiently. The dynamic
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and up-to-date 3D models created by UAVs can help to identify potential hazards, locate
survivors, and plan rescue operations accordingly. The applications of UAV 3D modeling
technology extend beyond immediate response efforts, as it can be utilized for infrastructure
planning and design as well. Real-time 3D models offer insights into the built environment,
enabling planners to optimize the placement of essential facilities, transportation networks,
and utilities, leading to the development of more resilient and efficient infrastructure
systems in disaster-prone areas. The visual representations provided by UAV 3D mod-
eling technology can assist in raising public awareness and supporting decision-making
processes, while detailed and realistic 3D models can help to communicate the scale and
impact of damage related to war or disaster to the general public and decision-makers.

7. Future Prospects

We believe that integrating UAVs and 3D modeling technology into urban and regional
planning will have a profound impact on the field. In this context, the future prospects
for UAV 3D modeling are both numerous and exciting, especially considering the afore-
mentioned real-world projects using UAVs equipped with high-resolution cameras to
create detailed 3D models of the built environment. We believe UAV 3D modeling could
be transformative for planning practice as well as for the planning support systems that
planners rely upon. By creating highly detailed 3D models of cities, UAVs can provide
planners with valuable insights and data to inform a wide range of initiatives. From smart
city planning to historic preservation efforts and disaster response and management, 3D
UAV modeling could prove to be an indispensable tool for visualizing and analyzing cities.

We propose an area of exploration that involves the integration of quadruped robots
with drones to create advanced 3D models. By equipping both robots and drones with
LiDAR scanners and cameras, it becomes possible to capture high-quality 3D data from
both aerial and ground perspectives as well as within indoor environments. This inte-
gration has the potential to enhance virtual reality (VR) experiences by providing a more
immersive representation of the built environment. Additionally, the combination of data
obtained from robots and drones allows for cross-validation, leading to more accurate
and reliable results. This approach significantly improves the quality and precision of
3D models, enabling more informed decision-making and more streamlined urban plan-
ning processes. The merging of robots and drones holds great promise for the future of
UAV-based 3D modeling, and has the potential to revolutionize the field. Further research
and development in this area can be expected to unlock new possibilities for capturing
comprehensive and detailed representations of urban environments.

In summary, the use of UAV 3D modeling in urban planning is currently providing
valuable insights and data that inform a wide range of initiatives, from smart city planning
to historical preservation. As the related technologies continue to advance and become
more accessible, we expect UAV 3D modeling to become an even more important tool
for urban and regional planners over the next decade. Despite the extensive literature on
the topic, significant research gaps persist in the planning field. Notably, there is a lack
of studies regarding rapid UAV 3D modeling; for instance, emergency situations require
planners to be able to complete site data collection and post-modeling as soon as possible
in order to aid in emergency response, making it necessary to examine the actual flight
time and flight area ratio as well as the computer system specifications and modeling
time. Thus, we urge scholars to expand the application domain, address the outstanding
limitations, and scrutinize the integration of UAV 3D modeling with other disciplines, such
as by integrating UAV 3D modeling with Al and ground robots, environmental science,
and architecture, as a way to foster the creation of more sustainable cities.

In our future research, we are committed to addressing the critical research gaps
discussed above, with a particular focus on rapid UAV 3D modeling and its seamless
integration with cutting-edge technologies such as Al and robotics. These efforts aim
to advance the field by pioneering novel methodologies and solutions, enhancing the
capabilities of UAV 3D modeling in urban and regional planning, and ultimately promoting
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the development of more sustainable and resilient cities. Furthermore, we plan to venture
into the realm of urban simulation, harnessing the power of gaming engines such as Unreal
Engine and Unity. Their objective is to import drone data into these engines to craft
immersive and visually stunning virtual city simulations. This innovative approach serves
as a dynamic platform for urban planning as well as for educational purposes and public
engagement. By merging the precision of UAV 3D modeling with gaming technology,
such simulations offer potent tools for gaining deeper insights into urban complexities
and facilitating informed planning decisions. This integration of urban simulation with
UAV 3D modeling and other advanced technologies represents a crucial step toward more
enlightened and sustainable urban development, a path that we are committed to exploring
in our future studies.
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