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ABSTRACT The aim of this study is to conduct a systematic review of the academic literature regarding
applications of drones in road accident management. It is an attempt to address key research questions
regarding its status, applications, solutions, challenges, and opportunities. It is the first scholarly study
specifically devoted to this topic that we are aware of. A systematic search of the Web of Science and
Scopus databases yielded 26 relevant articles out of 147 initially identified records. The findings indicate
that the emphasis in earlier studies has predominantly been on accident investigation and analysis, with
a specific focus on 3D accident scene reconstruction. This review also shows a growing trend towards
adopting emerging technologies like drones and integrating them with Industry 4.0 technologies for efficient
road accident management. The advantages of drones for each component of road accident management
were explored, and their primary challenges were identified, which are linked to flight (permission or
operation) and data (collection or processing). Despite the existence of different solution methodologies
and frameworks, there remains a dearth of studies examining their suitability for complex accident cases,
real-life scenarios, and large-scale accidents.

INDEX TERMS Drone, road accident management, component, systematic literature review.

I. INTRODUCTION
Road Accident Management (RAM) is the process of
responding to and managing road accidents from the time
they happen until they are resolved. The objectives of various
actions and activities in this process are not only to minimize
the impact of accidents on the people involved and on traffic
flow but also to prevent further accidents. RAM includes four
main components:
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1. Detection and reporting [1], which involves identifying
accidents as soon as they occur, assessing the severity of the
situation, and notifying the necessary emergency services.

2. Response and scene management [2], which includes
providing immediate medical attention to injured persons,
protecting the accident area to avert more collisions, and
managing traffic flow to minimize disruption.

3. Investigation and analysis [3], which involves determin-
ing the accident’s cause, collecting evidence, and analysing
the data to identify patterns and trends that can inform future
accident prevention measures.
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4. Recovery and clean-up [4], which involves removing
damaged vehicles and debris from the accident scene and
restoring normal traffic flow as quickly and safely as possible.

Effective RAM necessitates the cooperation and coordi-
nation of multiple agencies, such as emergency services,
law enforcement, transportation authorities, and healthcare
providers. RAM can assist in lessening the frequency and
severity of accidents and improving safety for all road users
by quickly responding to road accidents, which can be very
costly [5], and by applying appropriate preventive measures.
However, the reliance onmanual data collection, visual exam-
ination, and subjective assessment in current RAM systems
leads to drawbacks such as high costs, time-intensive pro-
cesses, and limited effectiveness due to under-reporting and
poor data quality [6].

The Fourth Industrial Revolution (Industry 4.0) is the
sustainability of innovation, automation, and sophisticated
processes [7], and it is characterized by the integration of
advanced technologies. Several Industry 4.0 technologies
(e.g., Intelligent Transportation Systems (ITS) technology,
Geographic Information Systems (GIS), remote sensing,
mobile technologies, Artificial Intelligence (AI), wearable
technologies, autonomous vehicles, etc.) are used for RAM
activities to improve the speed and effectiveness of accident
response efforts, reduce the risk of secondary accidents, and
enhance the safety of road users and emergency responders.
ITS technology, which uses smart technologies to improve
transportation efficiency and safety, can be used to monitor
traffic flow, detect accidents, and alert emergency responders.
GIS technology, which is a system designed to capture, store,
manage, analyze, and present spatial or geographical data
[8], can be used to map accident locations, identify high-
risk areas, analyze accident data, and identify patterns and
trends [9], [10], [11]. Remote sensing technologies, such as
satellite imagery and aerial drones, can gather real-time data
about accidents, traffic patterns, and road conditions. Mobile
technologies can be used by emergency responders to access
critical accident information quickly. AI technologies, such as
machine learning and computer vision, can analyse accident
data to identify patterns and trends. Wearable technologies,
such as smart helmets and vests, can monitor vital signs
of emergency responders in real-time [12]. Autonomous
vehicles can transport injured persons quickly and safely to
medical facilities [13].

Drones, or Unmanned Aerial vehicles (UAV), are remote
sensing technologies equipped with cameras, sensors, and
other technologies that gather and transmit data from the air.
They are used by a variety of organizations, public agencies,
and private companies across industries such as agriculture,
transportation and logistics, construction, film and media,
energy, insurance, mining, oil and gas, search and rescue,
etc. UAVs can be beneficial to RAM in different ways. For
instance, they can provide real-time images and data about
the accident scene [14], enabling emergency responders to
assess the situation quickly. Drones can inspect damaged
infrastructure, helping transportation authorities to identify

and repair damage [15]. Drones can monitor traffic flow
around accident scenes, directing traffic away from the site
to reduce the risk of secondary accidents [16]. Drones with
thermal imaging can aid in search and rescue operations
[17]. Other benefits include improved situational awareness,
enhanced safety, cost-effectiveness, increased accuracy, and
improved data sharing.

Despite the significant potential of UAV technology to
enhance RAM activities, the literature on its applications
in this field is currently inadequate. A review of existing
literature reveals that Bisio et al. [18] systematically reviewed
drone-aided traffic monitoring systems from the standpoint
of deep learning. Torbaghan et al. [6] have reviewed the
literature to investigate the impact of the adoption of different
emerging technologies on the data acquisition of different
road safety factors. In another study, Outay et al. [15] has
discussed the developments and trends in road safety, traffic
and highway infrastructure management. These recent stud-
ies have not reviewed the literature with a particular focus
on the UAV-assisted RAM. Given the growing interest in this
emerging technology for RAM, it is essential to conduct more
comprehensive and up-to-date research that can provide a
summary of the current state of knowledge as well as identify
potential benefits, limitations, and challenges associated with
its adoption. Without a proper understanding of these factors,
decision-makers, including researchers, policymakers, and
practitioners, may struggle to make informed decisions about
the implementation of UAVs for RAM. This unawareness
could lead to inefficient use of resources and could also neg-
atively impact the safety and privacy of individuals involved
in road accidents. So, this work is dedicated to addressing
this gap in the literature by conducting a systematic review of
existing studies and answering the following research ques-
tions:

RQ1. What is the status of UAV applications in RAM?
RQ2. What are the main current UAV applications in

RAM?
RQ3.What are themain advantages and challenges of UAV

adoption in RAM?
RQ4. What UAV-based solutions are proposed in RAM?
The subsequent sections of this paper are structured as fol-

lows: Section II presents a comprehensive explanation of the
systematic review methodology, highlighting its key aspects
and justifications. Section III, which comprises four sub-
sections, presents the corresponding answers to each of the
four research questions individually. Finally, the conclusion
is provided in the last section.

II. METHODOLOGY
In this study, a systematic literature review was conducted
to achieve its aim. The report of this systematic review
was according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) 2020 statement
(www.prisma-statement.org), which includes a three-stage
flow diagram consisting of identification, screening, and
inclusion. The PRISMA-based flow diagram of the review
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is depicted in Figure 1, created using the PRISMA Flow Dia-
gram tool (https://estech.shinyapps.io/prisma_flowdiagram/)
provided by Haddaway et al. [19]. In the identification stage,
the Scopus and Web of Science (WoS)-Clarivate Analyt-
ics databases were searched on March 14, 2023, using an
advanced search tool and the search string in the title, abstract,
and keywords. The complete search string was (‘‘drone’’ OR
‘‘unmanned aerial vehicle’’ OR ‘‘uav’’) AND (‘‘traffic acci-
dent’’ OR ‘‘road accident’’ OR ‘‘vehicle accident’’). Initially,
the search of the Scopus andWeb of Science (WoS) databases
yielded a total of 147 records. WoS yielded 22 records,
while Scopus yielded 125 records. After limiting the WoS
search results to only include articles and proceeding papers,
21 records in English remained. The Scopus search results
were limited to articles and conference papers, journal and
conference proceeding sources, and English language, result-
ing in 107, 105, and 101 records, respectively. Thus, a total
of 122 records (21 from WoS and 101 from Scopus) were
deemed relevant for further processing. It should be noted that
our search in both databases did not impose any restriction
or constraint on the earliest possible publication year. Upon
checking the 122 records, it was found that 16 of them were
duplicates and were consequently eliminated. This resulted
in a total of 106 records that were identified during the
identification stage and were subjected to further processing.

In the screening stage, the authors checked the titles and
abstracts of the 106 records and excluded 39 records (2
records were survey/review articles and 37 records addressed
irrelevant topics to this study). Three articles were excluded
as the full text was unavailable. The remaining 64 records
were screened in full text to identify articles meeting the
inclusion criteria, which focused on UAV applications in
RAM activities such as accident detection, analysis, emer-
gency response, traffic monitoring around the accident scene,
and accident scene recovery. Six articles were not actual UAV
application and 32 articles addressed road traffic monitoring
for the accident prevention and reduction purposes, which
were out of the scope of this review. Consequently, a total
of 26 articles met the inclusion criteria of this review.

III. RESULTS
A. STATUS OF UAV APPLICATIONS IN RAM (RQ1)
Despite the significant contribution of innovative UAV tech-
nologies to Industry 4.0, the first article that addressed
UAV-RAM integration was not published until 2015. The
results of the annual number of published articles indicated
that the highest number of articles was published in 2021 (7
articles or 26.92%), followed by 2020 (5 articles or 19.23%),
2019 and 2017 (4 articles or 15.38% each), 2022 (3 articles or
11.53%), 2016 (2 articles or7.69%). The lowest publication
appeared in 2015 (1 article or 3.84%) while no publication
found in 2018. The trend of the data first shows the growth
in the number of annual publications from 2015 to 2017.
Secondly, there was a significant decrease in 2018, when no
publications were recorded. Finally, the number of annual

FIGURE 1. The PRISMA-based process for selecting pertinent literature.

publications has gradually increased from 2019 to 2021.
However, the number of publications declined in 2022 com-
pared to the previous year. The trend generally indicates some
fluctuations with periods of growth and decline; however,
the cumulative number of publications has been growing in
recent years.

Table 1 presents the distribution of articles on UAVs in the
RAM context by country and year. The results reveal that
China and the USA, which are considered leaders in Industry
4.0 investments, accounted for more than 38% of the total
number of articles published. Following them, four coun-
tries, including Portugal, Russia, Malaysia, and Saudi Arabia,
were ranked third. From the continental point of view,
the highest contribution was assigned to Asian researchers
(51.61%), followed by European authors (32.25%), North
American authors (12.9%), and one article from African
authors (3.22%). Unfortunately, no articles were found from
Latin American or Oceanian institutions. It is worth noting
that all countries were included based on the affiliation of
authors, even in cases where authors are from different coun-
tries. For instance, if an article had authors from two distinct
countries, it was counted twice.

B. CURRENT UAV APPLICATIONS IN RAM (RQ2)
Table 2 presents a comprehensive categorization of the appli-
cation of drones to different RAM components, as outlined
in the Introduction Section. The table provides detailed
information on the classification of drones’ applications by
component, context, involved technologies, and theoretical
approach, which helps to develop a profound understanding
of their practical implementation. 76.92% of the publica-
tions concentrated on investigating and analysing accidents
(component 3) while the other components have received rel-
atively little attention from researchers. In this regard, 11.53%
dealt with detecting and reporting accidents (component 1),
response and scene management (component 2) assigned
7.69%, and only 3.84% devoted to recovery and clean-up
(component 4).
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TABLE 1. Involvement of countries in the publications related to UAV-RAM until march 2023.

FIGURE 2. involved publishers (yellow), journals (purple), and conferences (blue).

When it comes to the application context of drones in RAM
components, the most popular contexts were reconstructing
the 3D accident scene in component 3 and accident detection
in component 1. According to Table 2, twenty-four arti-
cles addressed topics related to vehicle-to-vehicle accidents.
In addition, twenty articles addressed the reconstruction of
3D accident scenes. Eighteen out of these twenty articles
specifically focused on car-to-car accidents, while car-to-
bicycle and car-to-pedestrian accidents were only discussed
in one article each. Within the car-to-car accident category,
twelve articles focused on reconstructing 3D accident scenes
in normal environmental conditions. Additionally, one arti-
cle investigated accidents in extreme environments. Three
articles conducted comparative studies, with one assessing
accidents under different environmental and light conditions
and in the presence of obstacles, another presenting a compar-
ison between two vehicle detection algorithms. One article
specifically classified road accidents. Finally, one article
aimed to address both accident vehicle identification and
3D accident scene reconstruction, encompassing two com-
ponents of RAM. The application context of the remaining

six out of twenty-six articles was about accidents and their
location detection (3), first aid delivery (2), and debris object
detection (1). The classification of articles is illustrated in
Figure 3.

The integration of UAVs with important technologies in
Industry 4.0 was also noted as a common trend in this field.
As for theoretical approaches, most articles proposed var-
ious algorithms, frameworks, systems, and methodologies.
However, it is important to note that the efficiency and per-
formance of these proposed solutions were mainly verified in
a simulation environment, and only a few articles presented
real-world case studies.

C. ADVANTAGES AND CHALLENGES OF UAV ADOPTION IN
RAM (RQ3)
1) ADVANTAGES
There are several advantages of using UAVs for each com-
ponent of RAM. For accident detection and reporting, UAVs
are capable of flying over accident-prone areas and collecting
real-time information, which can then be relayed back to a
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TABLE 2. Categorization of the drones’ applications according to RAM components.

base station or other relevant entities. The use of UAVs also
enables a rapid evaluation of the extent of the damage [24].
By streaming live footage of the accident, UAVs can help
to reduce the amount of time paramedics spend assessing
the situation [35]. This can ultimately lead to faster response
times and more efficient accident management.

UAVs in response and scene management possess the
advantage of unhindered navigation to specific GPS posi-
tions, bypassing traffic and facilitating the collection of
additional information, ultimately enhancing the potential for
saving human lives [2].

In regard to accident investigation and analysis, by using
UAV photogrammetry, accident scenes can be reconstructed
in 3Dmodels, which can replace the current classical accident

measurement approach and enhance accident investigation
procedures [20], [22], [29], [33], [39], [40].

Application of UAVs for 3D reconstruction of accident
scenes with other conventional methods are compared and
presented by Stáňa et al. [42] and Pádua et al. [41]. Using
UAVs can assist in short-time documenting of the whole
accident location area, which significantly reduces the time
needed for reopening the road, gathering detailed informa-
tion, and documenting accident parameters [28], [29], [33].
UAV-based approach allows for collecting more data with
higher precision compared to current methods and offers a
reliable and accurate alternative to reconstructing the acci-
dent scene [28], [40], especially for road traffic accidents in
extreme environment [20]. Additionally, the use of UAVs in
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FIGURE 3. Classification of articles according to accident type and RAM components.

accident investigation reduces the need for physical attention
of the person in charge [40] and reduces injury risks for
employees of police, court, and other services during the
investigation process [22], [28], [40].
UAVs in recovery and clean-up offer the advantage of effi-

ciently locating debris and ensuring the safety of individuals
involved in road accidents, enabling the prompt removal of
hazardous materials from roads and highways [4]. This dual
benefit enhances human safety while expediting the overall
cleaning process following a vehicle accident.

2) CHALLENGES
Despite of the benefits of the use of UAVs in each of the RAM
components, but there are some limitations and challenges
that can be categorised into flight permission/operation and
data collection/processing.

a: FLIGHT PERMISSION/OPERATION CHALLENGES
Implementing UAV flights encounters restrictions in certain
areas [23] and faces legal complexities [25], necessitating
official permissions and clearances. Additionally, adverse
weather conditions such as wind, rain, and fog, as well as
complicated flight circumstances, such as trees, bridges, and
road-side electronic facilities, can pose safety threats to UAV
operations. This can lead to incomplete or inaccurate data
collection, which can hinder the accuracy of the results of
data analysis or produced models. Moreover, there may be
situations where the use of UAVs may not be applicable, such
as in fly-restricted zones and hard-to-access areas like tunnels
and areas with severe obstructions [20], [23]. This can limit
the ability to obtain accurate data of the accident scene.

b: DATA COLLECTION/PROCESSING CHALLENGES
In the context of 3D reconstruction accident modelling, one
of the main issues is the security of data privacy since these
models may contain sensitive information useful for further

investigation and insurance claims [23]. Hence, measures
must be taken to ensure that the data is well protected and
available only to authorized personnel. Another important
concern is related to the modelling process which can be
inconvenient due to the large amount of data that needs to
be processed. This can lead to longer analysis times and
the use of multiple software programs, which can increase
the complexity of the analysis process [3]. This challenge
can be addressed by simplifying the analysis process using
more efficient software tools or reducing the amount of
data collected during the UAV flight. Accident detection
also faces its own set of challenges. UAV ground target
detection technology encounters issues such as inadequate
target resolution, scale variations, environmental influences,
interference from multiple targets, complex background sur-
roundings, and repeated target detection [34]. To address
these challenges, potential solutions include improving sen-
sor resolution, developing sophisticated algorithms, using
advanced image processing techniques, and investigating
advanced tracking and recognition algorithms to enhance
UAV ground target detection capabilities and improve
accuracy.

D. PROPOSED SOLUTIONS (RQ4)
Regarding reconstruction of the 3D car-to-car accident scene
in a normal situation, Jurkofsky [36] utilized Unmanned
Aerial System (UAS), which is a system that includes the
airplane attached with all its necessary equipment without
human pilot, and image processing software to collect aerial
images and analyse them. The study concluded that the pho-
togrammetric method provides accurate measurements that
fall within acceptable limits for reconstructing the accident.
Su et al. [29] developed a system that uses UAV/camera
hardware and image processing software for easy and rapid
accident scene mapping from rectified images. Liu et al.
[22] suggested an algorithm that utilizes UAV image mosaic
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technology to enable intelligent distance measurement in
road traffic accident scenes. The system enables lens distor-
tion and perspective distortion elimination. Liu et al. [23]
presented a framework to obtain both the Digital Surface
Model (DSM) and the Digital Elevation Model (DEM) of
the accident scene. A DSM represents the Earth’s surface,
encompassing both natural and man-made features, while
a DEM provides digital terrain and elevation data. Pérez
et al. [25] introduced a method to create orthophotos that
effectively document scenes of traffic accidents. The method-
ology captures high-resolution video and selects images
that meet overlapping criteria, rejecting those with noise
or a lack of sharpness, allowing for flexibility in choosing
alternative images that meet the criteria. Additionally, the
methodology includes adjusting the photogrammetric block
using measured distances between control points obtained
through Global Navigation Satellite System (GNSS) tech-
niques, eliminating the need for expensive equipment and
simplifying the reconstruction process for road accidents.
GNSS is a network of satellites providing worldwide location
and navigation information. Damyanov [33] conducted an
experimental study using UAVs and 3D image processing
software to demonstrate the potential of photogrammetric
methods in accident investigation and reconstruction. Ško-
rput et al. [28] presented a methodology that combines
UAV-based aerial photography with computer 3D tools to
generate 3D point cloud models and orthophotos that can
be used for accident scene reconstruction. Amin et al. [40]
proposed a four-step methodology that includes preliminary
work, data acquisition involving two different flight plans
(Point of Interest (POI) and Waypoint (Aerial Nadir)) and
camera calibration, data processing encompassing image pro-
cessing, dense cloud generation, meshing, texturing, and
3D model processing, and finally, data analysis involving
accuracy assessment and frequency table analysis. Pádua
et al. [41] proposed a four-step methodology for digitally
documenting road traffic accidents, involving acquisition
planning (including evaluation of the crash scenario and
selecting an appropriate process), data acquisition (includ-
ing scene imagery and measurements), and data processing
and analysis using photogrammetric software. Chen et al.
[32] adopted a methodology that involves preprocessing and
rectifying UAV images using plane homography. This was
followed by stitching two images together through feature
point matching and image fusion to create a comprehensive
view image. Finally, the accident mosaic image was utilized
as a background to draw the accident scene map. Wang et
al. [3] proposed a methodology that utilizes fused scene data
from a UAV and a 3D laser scanner to digitize the accident
scene, enabling accident reconstruction and generating acci-
dent process data along with a 3D model. Furthermore, the
recreated accident scene and process are analysed to identify
the underlying accident causes. Koshe et al. [38] presented the
integration of machine learning and videogrammetry tech-
niques to analyse road accidents using videos and images
from UAVs, where the machine learning model classifies

accident site images based on accident causes and videogram-
metry employs Structure from Motion (SFM) techniques to
generate a point cloud mesh from the captured video. SFM is
a photogrammetric technique that reconstructs 3D structures
from 2D images. Saveliev et al. [27] created a system that
leverages UAV technology and deep learning methods to
achieve precise measurements and automate the reconstruc-
tion process of road accidents with high accuracy.

Stáňa et al. [42] presented a comparative analysis of acci-
dent scene documentation, evaluating the results obtained
from advanced methods involving GNSS and UAV as well
as conventional methods. Cappelletti et al. [21] evaluated the
effectiveness of employing UAV photogrammetry and laser
scanning in contrast to conventional surveying techniques for
capturing detailed data from accident scenes.

Almeshal et al. [20] examined the precision of UAV pho-
togrammetry in road accident scenarios under both typical
and challenging operating conditions, including extreme tem-
peratures, light intensities, and environmental factors, with
the experiments demonstrating favourable and acceptable
measurement accuracy in normal and extreme operating con-
ditions, respectively.

Kim [37] developed a methodology to classify traffic sit-
uations by analysing the captured scene from UAVs after
the event. The methodology consists of four components:
receiving video information, formulating descriptions of the
observed scenes, identifying the traffic class through situation
analysis, and describing the situations, including the objects
of interest, their attributes, and the interrelationships between
them.

Raj et al. [26] proposed an algorithm for car detection
in accident scenes and compared the resulting 3D model of
the accident scene, utilizing both the point cloud and image
stitching techniques, with a focus on preserving the accuracy
of accident data.

Car-to-pedestrian and car-to-bicycle accidents are
addressed in two articles. In this regard, Wang et al. [30]
used multiple geomatics techniques, including a UAV, laser
scanner, and structured-light scanner, for data collection,
while different numerical simulations, including Multi-Body
System (MBS) and Finite Element (FE) simulations, were
conducted to reconstruct the kinematics of the collision
between the car and pedestrian and to forecast potential
injuries. Liu et al. [39] proposed a method for car-to-bicycle
accident scene reconstruction that involves the use of a UAV
to capture images, an imaging system to reconstruct 2D and
3D scenes, and subsequent 3D reconstruction, point cloud
generation, and model optimization.

Regarding the use of UAVs in road accident detection,
Nejjari et al. [24] presented a system that enables real-time
accident detection by integrating UAVs, ground Wireless
Sensors Networks (WSNs), vehicular sensors, and smart-
phones. Feng-Hui et al. [34] proposed an algorithm that
utilizes feature information fusion to enhance the accuracy of
accident detection, minimize feature redundancy, and meet
real-time requirements. In another study, Hng et al. [35]
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presented the use of a UAV integrated with computer vision
algorithms (for object detection and tracking) and a propri-
etary MATLAB algorithm (for data reading) to identify the
accident location.

UAV-assisted systems for improving first-aid delivery in
RAM were also introduced. Khan et al. [2] developed a
user-friendly system utilizing a UAV and a mobile app to
provide emergency health services in hard-to-reach areas,
addressing time constraints faced by ambulances. On the
other hand, Alkinani et al. [31] presented a reporting and
detection system that integrates the Internet of Things (IoT),
5G, and UAVs to enhance accident detection accuracy and
reduce response time.

Lastly, Alam and Valles [4] attempted to develop an opti-
mized two-step framework utilizing UAVs and deep learning
techniques to enhance the efficiency of road accident debris
cleaning. The framework involves UAV operations for pho-
tography and videography purposes and the application of
machine learning algorithms to detect objects.

IV. CONCLUSION
This research contributed to existing knowledge by conduct-
ing a systematic review of academic literature focused on
drone-assisted solutions for road accident management. First,
an overview of the status of drone applications from the
viewpoint of annual publications, countries involved, and
interested publishers is provided. Next, the study classified
the included articles based on the types of road accidents
and components of road accident management. Next, it iden-
tified the benefits and challenges associated with adopting
drone technology to address road accident management con-
cerns, drawing insights from the reviewed articles. Lastly,
the research delved into the proposed strategies, providing
valuable insights that contribute to further advancements in
the field.

This review highlights that the research on the utilization
of drones for road accident management is still at an early
stage, as evidenced by the limited number of relevant arti-
cles published thus far, starting from the first publication
in 2015 until the present. Most of these publications pri-
marily focus on investigating and analysing accidents, while
the other components of road accident management have
received comparatively less attention. Among the various
applications, reconstructing the 3D accident scene emerges
as the most prevalent context, followed by accident detec-
tion. The adoption of drones offers significant advantages,
including real-time and efficient data collection, seamless
navigation to specific GPS positions, enhanced precision,
and reduced risks to personnel involved. These advance-
ments have the potential to positively impact traffic flow,
expedite response times, and, most importantly, save the
lives of injured individuals. However, challenges impede their
widespread adoption. Flight permission and operation hur-
dles include restrictions, legal complexities, adverse weather
conditions, and limited access to certain areas. Challenges
related to data collection and processing encompass data

privacy, handling large volumes of data, complex analysis
procedures, and issues with target detection. Overcoming
these challenges and leveraging the potential of drones in
conjunction with Industry 4.0 technologies can improve situ-
ational awareness, decision-making, and resource allocation,
resulting in more efficient road accident management.

Note that there were limitations associated with the
outcomes of this systematic review. Only relevant publica-
tions from the Scopus and Web of Science databases were
included, while other scholarly databases were overlooked.
Additionally, non-academic resources, such as technical
reports, newspapers, blogs, and magazines, were not consid-
ered in this review.
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