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ABSTRACT

Introduction: Surveillance of mosquito breeding sites is
essential because it provides the information needed to
assess risks and thus respond to dengue outbreaks. This
article aims to review existing research on the viability of
using unmanned aerial vehicles (drones) to identify potential
breeding sites for Aedes mosquitoes and highlight the
issues related to their implementation.

Materials and Methods: The authors conducted a literature
search in four databases (Scopus, Web of Science, Science
Direct, and IEEE Xplore) and completed it in December 2022.
Articles that do not directly address the application of
drones for surveillance and control of mosquito breeding
sites were excluded.

Results: The initial search using the keywords yielded 623
documents. After screening abstracts and reviewing the full
text, only 17 articles met the inclusion criteria. Most of the
studies were in the proof-of-concept stage. Many studies
have also incorporated drone technologies and machine
learning techniques into surveillance efforts. The authors
have highlighted seven key issues related to the operational
aspects of using drones. Those are hardware, software, law
and regulation, operating time, expertise, geography, and
community involvement.

Conclusion: With rapid developments in drone technologies
and machine learning techniques, the viability of drones as
surveillance tools can be enhanced, thus effectively
responding to global public health concerns.

KEYWORDS:
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machine learning

INTRODUCTION

The dengue virus infects humans via a female mosquito bite.
Dengue fever is now deemed endemic in over 100 countries,
with Asia bearing more than two-thirds of the burden.' The
principal vector of dengue, yellow fever, and chikungunya is
Aedes aegypti? The spread of Ae. aegypti is a severe public
health issue. This relationship is further increased by the
mosquito's ability to disperse and adapt to new surroundings
and poor sanitation.’ Targeted environmental and ecosystem
management remains critical in controlling dengue due to

the lack of effective vaccines or antiviral treatment.' Dengue
can thrive in either artificial containers or naturally
occurring environments.* Stagnant and unpolluted water is
ideal for the reproduction of Aedes mosquitoes.” They have
adapted to human environments and can now be seen
breeding in various small containers.!

The prevention of mosquito-borne diseases will continue to
pose a difficulty in the forthcoming years because of rapid
urbanization and globalization, coupled with the dynamic
change of mosquito populations.® Various strategies
available to control mosquitoes can be tailored to suit
individual, community, and regional environments. By
mitigating mosquito proliferation can lessen the future effects
of diseases transmitted by mosquitoes.” Such efforts could
result in costly, time-consuming, ineffective monitoring and
control without efficient mosquito management strategy.*
Field technicians have encountered a new occupational risk
when performing dengue surveillance and control due to the
COVID-19 pandemic.® Health inspectors must visit residences
to find and eliminate potential mosquito breeding sites. This
technique presents a considerable challenge for officials and
has various drawbacks, including time limits, safety
concerns, and cost.>®

Drones are rotary or fixed-wing aircraft operated remotely.
When equipped with suitable sensors, drones have been used
in a wide range of public health studies, agriculture, forestry
and ecological monitoring.*'® Drones are viable alternatives
to manual assessment because they can be maneuvered to
overcome obstacles that impede human access. It can be used
as a suitable remote photographing, mapping, and data
collection platform.’ Drones can capture images or recordings
with a higher spatial or temporal resolution from various
angles and altitudes.” Using a programmable drone
enhances the auditors' safety by reducing their exposure to
potentially hazardous situations or locations.****

This study aims to review existing research on the viability of
using drones to identify potential breeding sites for Aedes
mosquitoes. The advancement of drone technology and its
integration with machine learning have made drones
promising tools to complement the current methods of
dengue prevention strategies. This review highlighted the
recent research's issues, challenges, and limitations in using
drones as a guideline for future studies before field
implementation.
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MATERIALS AND METHODS

This research adhered to a framework by Arksey et al.”* to
conduct a scoping review, which provides a comprehensive
perspective of a complex topic by mapping the available
data from different sources.” The five stages of this approach
include identifying the research question, identifying
relevant studies, selecting studies, charting the data, and
collating, summarizing, and reporting the results.” This
review also follows the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
recommendations (Figure 3).

Data Sources and Search Criteria

A literature search was completed in December 2022 using
the four online databases: Scopus, Web of Science, Science
Direct, and IEEE Xplore. There were no time constraints
imposed on the literature search strategy. To maximize the
scope of the initial literature search, a two-block search
strategy was used and modified from Hiebert et al."” Block one
contained drone-related nomenclature, whereas block two
contained mosquito-related nomenclature (Table I).

The search was constructed in three steps: (1) the Boolean
operator “OR” was used to connect all terms in block 1; (2)
the Boolean operator “OR” was used to connect all terms in
block (2); and (3) the Boolean operator “AND” was used to
connect all terms in block 1 with all terms in block 2 to ensure
all documents retrieved included both drone- and mosquito-
related nomenclatures (Figure 1).” The same search string
was used for all online databases selected (Figure 2).

Study Identification and Selection

Following the article search strategy (Figure 2), the

significance and relevance of the selected literature were

evaluated based on its subject matter and publication

format. During title and abstract screening (Figure 3),

documents were maintained for full-text review if they

fulfilled the following inclusion criteria:

i. The title or abstract emphasizes the application of drones
for surveillance and control of mosquitoes breeding sites;

ii. The studies conducted for any species of mosquito
regardless of any stage of the life cycle; and

iii. The document must be a full research paper and written
in English.

At this stage, documents were omitted from analysis if any of

the subsequent conditions were met:

i. The document was not related to the application of
drones for surveillance of mosquitoes breeding sites;

ii. The document was a review article, operational note,
newsletter, book chapter, commentary, editorial note,
unpublished manuscript, or conference abstract;

iii. The document was authored in a language other than
English; and

iv. The document was duplicate or non-availability of the full
text articles.

Following the identification of articles in the aforementioned
databases, the articles were imported into the EndNote
Version 20.4.1 (Clarivate, Philadelphia, Pennsylvania, United
States), where any duplicates were deleted. Only those
documents that appeared to be relevant to the topic at hand
and fulfilled inclusion criteria, were kept for a more in-depth
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read. The full texts of articles were then retrieved to identify
which were eligible for inclusion in the review as shown in
the PRISMA flowchart (Figure 3).

A data extraction form (Table II) was used to extract study
details such as the paper ID, the author(s), the year of
publication, the study objectives, the study sites, the mosquito
species, and disease studied (if specified), the methodological
approaches and the application of drone.

RESULTS

The initial search using the keywords yielded 623 documents
from four databases: Scopus (N=192), Web of Science
(N=119), Science Direct (N=273), and IEEE Xplore (N=39). A
total of 342 articles were excluded due to title, abstract, and
duplicate removal screening. The remaining 51 articles were
assessed for eligibility on an individual basis. Finally, only 17
full-text articles met the inclusion criteria. The
comprehensive review process for the study collection is
depicted in Figure 3.

General Characteristics of the Articles Included in the Review
Table III summarizes the articles included in the scoping
review. The included publications were published between
2016 and 2022. There were two studies in 2016, three in 2017,
one each in 2018 and 2019, two in 2020, five in 2021, and
three in 2022, with 71% published within the last five years.
Most of the articles reviewed were from Brazil. Sri Lanka was
second with three articles, followed by Tanzania and Malawi
with two articles each. United States, Ecuador, India, Mexico,
and Peru each contributed one article. Dengue fever
treatment has a significant economic impact in several
countries, particularly Brazil. A study conducted in 17 Latin
and Central American countries estimated that the annual
cost of dengue outbreaks in these countries is more than US
$3 billion, with Brazil alone accounting for US $1.4 billion
annually.”® There has also been considerable international
collaboration; some authors studied regions outside their
own. As mosquito populations continue to expand, greater
international collaboration is expected.’

The objectives of the selected studies can be summarized
under four main headings. First, nine documents (50%)
focused on identifying and mapping potential mosquito
breeding sites using high-resolution drone imagery. Seven
documents (38.9%) addressed computer-based approaches,
including machine learning and remote sensing, to map
mosquito breeding sites using aerial drone imagery. One
paper (5.6%) examined the effectiveness of the two
technologies for surveying a study area which are drones and
global positioning system-based receivers. One document
(5.6%) examined the relationship between socioeconomic
status and mosquito breeding sites.

Dengue fever is endemic in many of the regions studied. The
most studied species is Aedes mosquitoes (Ae. aegypti and Ae.
albopictus). Aedes sp. accounted for 64.7% of the mosquito
species analyzed; Anopheles sp. accounted for 29.4%, and one
study did not report any of the mosquito species involved
(5.9%). Dengue was the most frequently discussed disease
(41.7%), followed by Zika (25%), malaria (20.8%), and
chikungunya (12.5%). A single mosquito species can serve as

149



Systematic / Narrative Review Article

Table I: Terms used in the initial document search

Block 1: Drone-related Nomenclature

Block 2: Mosquito-related Nomenclature

Unmanned aerial vehicle
Unmanned aircraft system
Drone

Mosquito
Vector control
Breeding site

a vector for multiple mosquito-borne diseases; therefore,
some studies addressed multiple diseases. In general, most of
the studies were conducted in urban areas or a combination
of suburban and rural areas. 52% of the study focused on
urban areas, 33% on most suburban areas and 14% on rural
areas.

Integrating machine learning techniques into surveillance
activities has gained interest in many studies. 70.6% of the
selected articles used machine learning in their research.
Another 29.4% analyzed high-resolution imagery from drone
technology. Most of the study was conducted using a D]I
drone from Shenzhen, China. The DJI Phantom 4 was the
most widely used, accounting for 47.1%, followed by the D]I
Phantom 3 (23.5%), and only one study used the DJI
Phantom 2 (5.9%). Another type of drone from the French
company Parrot AR was also used in one study (5.9%). In the
remaining three studies (17.6 %), the type of drone used was
not specified. All studies conducted (100%) were at the same
implementation level, which is proof of concept and
descriptive study design. However, the application of drones
in the study was either for surveillance purposes (82.4%) or
larval control (17.6%).

DISCUSSION

The Application of Drone Technology as Surveillance Tools

The applications of drones are essentially governed by
variables such as size, power, and operating conditions,
which vary widely depending on the type of drone.” The
application of drone technology has already led to numerous
remarkable results. The images of water bodies are examined
to identify potential mosquito breeding sites." Drone
surveying approaches for artificial containers are becoming
more accurate by combining global positioning system
receivers with machine learning techniques and imaging
technologies such as multispectral imaging.” In other
research they merged internet of medical things and
geographic information systems.” They contain and manage
dengue virus outbreaks by analyzing call records. Hardy et
al.* analyze drone data using a mix of mapping methods:
supervised image classification with machine learning and
technology-enabled digitizing mapping accessible to those
without a technical background.

Machine learning can detect patterns in data at or above
human levels, which is useful for classification, prediction,
and clustering.” Artificial intelligence can accurately estimate
the number of larvae and pupae in a sample by automating
repetitive learning processes.” Many studies used
orthomosaic maps that are constructed by stitching together
2D aerial photographs with at least 70% picture overlap as
reference points.” Drones were used to collect many aerial
photo configurations for a database.”” The proposed system
was tested and trained using the collected photos and the
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annotated database. This technology allows the detection of
tiny objects that existing remote sensing methods cannot
detect.” In an example of architectural innovation that
combining and applying two established technologies to a
new market and context.” Results showed that drone
deployment and insecticides could reduce mosquito
populations in an irrigated rice agroecosystem. Improving
the precision of the technology requires extensive
engagement and data from many images representing a
wide range of situations.

The Issues, Challenges, and Limitations of Using Drone

This review has highlighted and grouped the operational
issues of using drones under seven themes, including
hardware, software, law and regulation, operating time,
expertise, geography, and community involvement (Table
III). The ability of drones to fly in inaccessible areas is their
most important advantage. Drones are available in different
sizes and configurations; therefore, specific criteria must be
taken into consideration to determine which model is best
suited for searching breeding habitats.

The most highlighted issue by many authors is software
(22%) (Figure 4), which includes drone control software,
formatting, data processing, and image classification. The
study by Prasad et al.” highlighted the failure of SVM-based
approaches and optical flow, after which a combined method
called horizon mask, was developed to address this issue.
Identifying waters in the resulting orthomosaic can be
challenging, especially when waters with significant
suspended sediment are the same color as bare ground.”
There needs to be more techniques for rapid data processing
and solutions for accelerated image processing.” Obtaining
unbiased, ethical, comprehensive, and global datasets is
challenging but needed for practical machine learning
applications in mosquito control.”?® Creating orthomosaics
from drone imagery is a time-consuming process that
requires a powerful computer, a large data storage capacity,
and specific software."

Regarding hardware (20%), some aspects such as
specification, flight duration, maximum altitude, signal
strength, spare parts supply, data management, and cost
efficiency are among the highlighted issues. A drone can only
stay in the air for up to 20 minutes before its battery runs
out.* Therefore, numerous flights over the area are required to
create a single map; this may result in some temporal
variation between scenes on the single map and affect the
spectral signature, although this effect is likely minimal.*
Drone signals are lost when there is a large body of water or
telecommunications towers between the drone pilot and the
drone, as these areas absorb drone signals.* Although
purchasing commercially available drones in the country is
possible, obtaining replacement parts or repairs becomes
difficult and expensive when technical problems occur.”
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Fig. 1: Boolean operators used to connect the term search

Fig. 2: Article search strategy. A: Block one contained drone-related nomenclatures. B: Block two contained mosquito-related

nomenclatures

Expertise issues (20%) include incompetence, training hours
for drone pilots, and insufficient previous research data. The
aerial inspection is manually controlled, which depends on
the drone pilot's ability to fly the drone.* Drone flight requires
a certain level of skill.” In searching for water bodies in a
rural setting, drone image capture inevitably presents
technical and skill-based challenges.’*” The lack of
comprehensive research on this topic in the past and the
small sample size in the training phase of deep learning
presented a significant challenge for researchers.**

Med ] Malaysia Vol 79 Supplement 1 February 2024

Regarding geographic limitations (12%), drones cannot be
used in very difficult-to-access locations, such as areas with
high plant density or tree canopies. Due to the dynamic
nature of water bodies, conducting large-scale surveys from
the ground has not been possible.” Other obstacles such as
power lines and telecommunication towers, auto-fly mode
cannot be used in urban areas.* This limits the application of
the drone. The operating time (10%) for the drone’s flight was
another factor that need to be considered. Since drone could
not be flown in wet or windy conditions, the flight experience
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Table Ill: General characteristics of articles included in the scoping review

Characteristic Number of articles,
n (%)
Publication Year
e <2018 5(29.4)
e 2018 - 2022 12 (70.5)
Study Objective (can be more than 1 objective per article)
e Identify and map the potential breeding sites of mosquitoes using a drone 9 (50)
e Study computational approaches including machine learning and remote sensing for
the automatic identification of objects and mapping mosquito breeding sites by using
aerial images from drones 7 (38.9)
¢ Investigate the effectiveness of drones and global positioning systems (GPS) in identifying
potential mosquito breeding sites. 1 (5.6)
¢ Investigate the area's socioeconomic level associated with identified breeding sites of mosquitoes. 1 (5.6)
Study sites
e Brazil 5 (29.4)
e Sri Lanka 3(17.6)
e Tanzania 2(11.8)
e Malawi 2(11.8)
e USA 1(5.9)
e Ecuador 1(5.9)
¢ India 1(5.9)
e Mexico 1(5.9)
e Peru 1(5.9)
Species of mosquito studied
e Aedes sp. 11 (64.7)
e Anopheles sp. 5(29.4)
e Not specified (general) 1(5.9)
Type of disease concerned (can be more than 1 disease per article)
e Dengue 10 (41.7)
o Zika 6 (20.8)
e Malaria 5 (25.0)
e Chikungunya 3(12.5)
Integrate Machine Learning Techniques
e Yes 12 (70.6)
* No 5(29.4)
Type of Study Area (can be more than 1 type of study area per article)
e Urban 11 (52)
e Suburban 7 (33)
e Rural 3(14)
Type of drone
e DJI Phantom 4 8 (47.1)
e DJI Phantom 3 4 (23.5)
e DJI Phantom 2 1(5.9)
e Parrot's AR 1(5.9)
¢ Not specified 3(17.6)
Level of implementation
e Proof of concept 17 (100)
Type of drone activity (can be more than 1 activity per article)
e Surveillance 14 (82.4)
e Control (larva) 3(17.6)

is critical in determining optimal flight times.” The tilt angle
of the drone camera should be 90 degrees, and the drone
should fly around midday to reduce the shadow effect.”
Shadows cast by large trees and structures can obscure
potential water sources.” Therefore, avoid conducting drone
surveys when the sun is low in the early morning or evening
to mitigate this effect.

For law and regulation (8%), the authors emphasized the
licensing process, no-fly zone areas, and military deployment
control. Before utilizing drones for any activities, national
civil aviation authorities require drone pilots to get approved
qualifications and secure relevant authorization, even
though rules differ by country.” The importance of
community involvement (8%) was also addressed in several
studies. Researchers are experimenting with community-
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based monitoring systems that integrate technology into
communities. Partnering with communities to collect
surveillance data was also an effective data-collecting
technique for public health practitioners and
epidemiologists.*” Concerns have been raised about how local
communities will respond to the use of drones, the number of
drones required, the area of coverage, when these drones will
be used, and how human privacy will be protected. Therefore,
community members must be involved to help address all
these potential future issues.*”

With recent advancement in drone technology, particularly
the internet of things, smaller drones can take high-
resolution photos and upload them to the cloud in real-time
for rapid data processing. These drones are energy efficient
and can cover large areas without losing connectivity to their
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Table IV: Issues, challenges, and limitations of using drone

Fig. 3: PRISMA flowchart of the study collection
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Fig. 4: Issues, challenges and limitations of using drone

base station.** However, there is a need for additional
consultations between experts and stakeholders in the fields
of drones, image analysis, and vector control to develop more
specific recommendations for how this technology can be
utilized most effectively.”

CONCLUSION

The feasibility of drone technology being used in mosquito
breeding control programs should be further explored, as it
could complement the conventional method of larval habitat
inspection, which is a more labor-intensive approach. Even
though the current data is scarce and lacks evidence, the
literature search shows growing interest. The advancement in
drone technology and collaboration with government
agencies and the community will give strong evidence for a
new dimension to dengue prevention and control programs
in Malaysia and other endemic regions.
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