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Dear Dr. Kassam,
Our multidisciplinary team is submitting the final report for our project titled Preventing
Mosquito-Borne Diseases Using Swarm Robotics. This report is the submission for our project in
the course “Professional Communication for Engineers” as per its’ syllabus.
The objective of this report is to delineate the design and analysis of a mechanical robot,
the “Firefly”, for instantaneous detection of mosquito hotspots. This is in response to the high
prevalence of mosquito-borne diseases, which demands a competent, accessible and affordable
solution for detecting and eradicating mosquitoes.
The report presents a detailed overview of the proposed solution from a technical and
economic perspective. It explores the solution from the different engineering aspects and
summarizes all the components that constitute the product, along with their functions. These
include the mechanical design and stability of the Firefly, the electrical circuitry and coordination
required for its functioning, and the chemical regulation and control required for eradicating the
mosquitoes. The Firefly is complemented by an accessory called the “landing pad”, which enables
charging the Firefly using solar power, and is detailed in section 5 of the report. Further, section 6
provides a comprehensive evaluation of the product in an economic, environmental and technical
context, where the strengths and weaknesses of the solution are separately identified. The design
and analysis of the product are based on sound primary and secondary research, the results of
which are summarized in section 4 of the report. The data was collected from journals and
published books, and the inferences gained are explicitly stated and form the premise of the Firefly.
We would like to acknowledge Ms. Christine Furno for her library session on effective
methods to select appropriate journals and databases for our research. We would also like to thank
Dr. Zarook Shareefdeen and Mr. Wasil El-Tahir from the College of Engineering for their
assistance in overcoming technical barriers in our project. Lastly, we express our gratitude to Dr.
Hamada Kassam for his insightful feedback on our assignments that contributed immensely to the
development of this project.
It is hoped that this report meets the criteria and guidelines expected from a
multidisciplinary engineering report. Any clarifications or queries concerning the project or report
can be addressed to: Taha Ameen ur Rahman at b00066555@aus.edu.
Sincerely yours,

Taha Ameen ur Rahman
Encl.: Preventing Mosquito-Borne Diseases Using Swarm Robots Project Report
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Executive Summary
...........................................................................................................................................................
The objective of this report is to propose, design and analyze a comprehensive solution to
detect mosquito hotspots and eradicate mosquitoes. This is to tackle the widespread problem of
mosquito-borne diseases, which currently affects over half the world population. The situation is
of great concern in Africa, where Malaria and Dengue Fever alone kill over half a million people
annually.
These alarming statistics are attributed to the mobile nature, genomic flexibility and
reproductive capacity of mosquitoes. Firstly, mosquitoes tend to be mobile by nature, implying
that regions with high density of mosquitoes, called “mosquito hotspots”, are difficult to track. The
conventional method of detecting hotspots by recording a specimen for laboratory analysis is
laborious and ineffective due to its time-consuming nature. Further, the genomic flexibility of the
mosquito renders ordinary chemical regulation futile. This is due to the mosquito’s ability to
develop a resistance to pesticides through evolutionary means. Lastly, mosquitoes have an
extremely small lifespan. The female mosquito lays up to 200 eggs at once, which require only 1
day to hatch. This reinvigorates the problem of not being able to detect mosquito hotspots in realtime.
The multidisciplinary team conducted extensive research through accessing technical
journal databases and books. The methodology proved effective as it yielded important findings
that constitute the premise of the proposed solution. Notable among the findings is that the wing
beat frequency (WBF) of the mosquito is sufficient to determine its’ species and sex, which in turn
is sufficient to determine the disease(s) associated with it. The team capitalized on this fact to
design a mechanical insect-like robot called the “Firefly” which can detect the WBF of mosquitoes
through a sensor. The Firefly is also equipped with auxiliary components to attract mosquitoes and
to control and coordinate its’ locomotion and communication. It is also complemented by an
accessory called the “Landing Pad” which harvests solar energy to wirelessly recharge the Firefly.
The landing pad is also capable of eradicating mosquitoes through a pesticide spray which is
controlled by the Firefly. Lastly, the microcontroller of the Firefly keeps track of the data recorded
and uploads it to an online secure database. This information is used to plot a density map of the
iv
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mosquitoes in a city, which provides information on the number of mosquitoes in each area that is
updated in real-time.
The solution has immense potential to eradicate mosquitoes as it detects hotspots and tracks
the movement of mosquitoes instantaneously. This is crucial as it targets the very core of the
problem. The report also evaluates the Firefly from an economic and environmental perspective
to assess its scalability and feasibility.
The major limitation of the report is that the WBF range of all mosquitoes has not been
documented. Although sufficient evidence exists to classify mosquitoes based on their WBF, there
are some species of other insects that the Firefly may confuse as a mosquito. Therefore, it is
strongly recommended that a few Fireflies be deployed in a test area to examine their impact and
adjudicate their effectiveness. Further, it is also recommended that the Firefly use machine learning
algorithms to predict mosquito hotspot patterns based on previously collected data. Thus, the
Firefly could also be a tool for research that can provide a potential breakthrough in detection and
eradication of mosquitoes in a simple and sustainable manner.
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1. Introduction and Situation
The deadliest animal in the world is the mosquito, responsible for over 725,000 deaths
every year [1]. Although most of these incidences are localized to Sub-Saharan Africa, the World
Health Organization (WHO) affirms that over half of the world population is currently at risk of
insect-borne diseases, with mosquitoes being the leading cause of their transmission. It recognizes
Malaria, Dengue Fever, Lymphatic Filariasis and Zika to be mosquito-borne diseases that affect
almost half a billion people every year. The situation is aggravated by the fact that only an
estimated 19% of all globally occurring cases are reported to surveillance systems [2]. Although
measures are in place to curb the disastrous consequences of mosquito-borne diseases, their
effectiveness is limited, and the WHO admits that their “milestone of reducing case incidence and
mortality rates by 40% by 2020 does not look attainable” [2].

Figure 1: Global Map of Malaria Incidences [3]
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2. Problem
The statistics associated with mosquito-borne diseases are alarming, but the question
remains as to why decades of effort have produced little to no results. The problem at its core is
the failure to detect hotspots and vulnerabilities on time due to the mobile nature, reproductive
capacity and genomic flexibility of mosquitoes [4].
First, mosquito hotspots change their location and intensity at dramatically fast rates that
are often too fast for humans to track. In fact, the fundamental issue at hand is that locating
mosquito breeding sites is “extremely challenging or impossible even for the most well-funded
and organized programs” [4]. The current diagnostic methods involve using mosquito traps to
capture mosquitoes and transport the specimen to the laboratory at fixed time intervals for analysis
[5]. However, this method is extremely slow and laborious, and is rendered futile by the mobile
nature of mosquitoes [6].
Second, the reproductive capacity and genomic flexibility of mosquitoes is very high.
Interestingly, male mosquitos have an average lifespan of only 10 days as opposed to 45 days for
the female mosquito. The short lifespan necessitates that mosquitoes lay eggs in large quantities,
and indeed a female mosquito can lay 100-200 eggs at once, all of which require only a single day
to hatch [7]. This reinforces the demand for a solution that can overcome the dynamic nature of
the mosquito.
Lastly, available solutions for mosquito population control such as chemical regulation are
scarcely implemented on a large scale due to their toxic nature [4]. The unavailability of
vaccinations for some mosquito-borne diseases dictates that the solution to the problem is to
prevent the disease, but conventional preclusive measures such as bed nets and coils are largely
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ineffective against day biting mosquitoes. However, recent developments in the field of artificial
intelligence, particularly swarm robotics might provide a new approach to overcome this
impediment. This has prompted us to ask the following research question: How can swarm robotics
be utilized to diagnose, analyze and minimize mosquito hotspots for preventing mosquito-borne
diseases?

3. Scope
It is evident that an effective solution to the problem must have three components:
1. It must be able to keep track of the dynamic and mobile nature of mosquito hotspots.
2. It must be able to diagnose the disease associated with a geographical area on a microscopic
scale and update itself instantaneously.
3. It must be cost-effective and scalable for implementation in underdeveloped and
developing countries.
The report outlines the details of the engineering multidisciplinary project, whose objective is to
provide a comprehensive solution to the mentioned problem in a sustainable and environmentally
friendly way. The remainder of the report outlines the important findings yielded by the team’s
research, and capitalizes on them to present a product that could diagnose mosquito hotspots and
potentially eradicate mosquitoes.

4. Research Findings
The solution being proposed relies on three important findings. First, there is a direct
correspondence between the transmitted disease and the species and sex of the mosquito. For
example, malaria and dengue fever are transmitted by the female Anopheles and female Aedes
3
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mosquito respectively [1]. Second, different species of mosquito have their own wing-beat
frequencies (the rate at which the mosquito flaps its wings). This unique frequency is termed the
characteristic wing beat frequency (WBF) of the mosquito [8]. Lastly, a comprehensive study
revealed that mosquitoes are attracted to high-frequency components of the visible light spectrum
(blue and violet light) [9]. The table below summarizes the above research findings and deduces
the inference that will form the basis for the proposed solution.
Table 1: Summary of Research Findings

SN.

1

2

3

Observation

Inference

Different species of Mosquito cause

Determining the species of the mosquito is

different diseases [1].

sufficient to determine the disease.

Different species have characteristic

Determining the wing beat frequency (WBF) is

wing beat frequencies [8].

sufficient to determine the species.

All mosquito species are attracted to

Blue light or ultraviolet light can be used to

high-frequency light [9].

attract the mosquitoes

The proposed solution exploits these key observations to provide a self-sufficient diagnostic
tool that could detect and update the location of mosquito hotspots in real-time, as well as attempt
to eradicate them through chemically controlled means.
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5. Solution
The solution being proposed consists of two products that complement each other. The first
of the products is a miniature mechanical robot called “Firefly” that exploits the research findings
to detect the location and density of mosquito hotspots in an area. The second product is the
“landing pad” which incorporates components to eradicate mosquitoes through controlled
chemical measures. This section of the report outlines the structure and proposed functioning of
both components of the product.
5.1: The Firefly
The Firefly itself is the robot equipped with electronic devices that can efficiently and accurately
detect the hotspots. Therefore, it is a diagnostic tool that determines the location and density of
mosquito hotspots through the following components that it is comprised of:
•

Wing Beat Frequency (WBF) Sensor

•

Central Processing Unit

•

High-frequency Light Emitting Diode (LED) panel

•

Transmitter Antenna

•

Capacitive Legs

•

Wing Circuitry

•

Rechargeable battery

5
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WBF Sensor

Transmitting Antenna

Wing Circuitry

Central Processing
Unit

Capacitive Legs

Blue LED Panel
Figure 2: The Firefly

5.1.1: Wing Beat Frequency Sensor
The WBF sensor is the essence of the solution and would be embedded in the eyes of the
firefly. It would consist of an infrared beam that is outside the visible spectrum of the mosquito.
Mosquitoes that hover in front of the sensor have their wings cut through the beam at a rate that is
equal to the number of times they beat their wings in one second. This allows the Firefly to detect
the WBF of the mosquito and store the data [10].
5.1.2: Transmitter Antenna
The data is collected by the WBF sensor and must be transmitted to the microcontroller
unit for analysis. The Firefly can be equipped with a transmitter antenna on its head that can radiate
the obtained information to the microcontroller. This reinforces the insect-like design of the robot
that can allow it to seamlessly integrate into the insect habitat.
5.1.3: LED Panel

6

ENG 207

Spring 2018

The LED panel capitalizes on the mosquito’s natural tendency to approach high-frequency
light. Its primary function is to attract the mosquito to the Firefly so as to enable the WBF sensor
to record the necessary data.
5.1.4: Central Processing Unit
Analogous to the human brain, the central processing unit would control, coordinate and
orchestrate the functions of all other components present on the Firefly. It would be built into the
body of the Firefly, such that it is approximately equidistant from all other components allowing
it to synchronize functions through sending commands instantaneously.
5.1.5: Rechargeable Battery
The battery required to provide the electrical energy for the Firefly to operate would be
mounted at its back. Implementing a lightweight battery to allow for controlled flight is possible
by reducing the capacity of the battery, which necessitates the battery to be rechargeable.
5.1.6: Capacitive Legs
The legs of the Firefly would be used for it to rest on the landing pad. They would be made
of a capacitive material that conducts electricity to allow for wireless energy transfer from the pad
to the battery of the Firefly.
5.1.7: Wing Circuitry
Aside from allowing flight for the Firefly, the wings would also contain electronic circuitry
much like the veins on the surface of a leaf. This would allow for balanced flight and ensures the
overall mechanical stability of the system. Furthermore, it provides the dual benefit of connecting
all components to the central unit in a distributed and hierarchical manner.
7
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5.2: The Landing Pad
The Landing pad is essentially a surface that is fixed to a stationary structure such as a lamp post
at a safe distance from ground level. The pad would contain the following components:
•

Microcontroller

•

Cloud connectivity

•

Pesticide Spray Tank and Nozzle

•

Miniature Solar Panel

•

Wireless charging platform

•

Environment-friendly paper bag

5.2.1: Microcontroller
The microcontroller would comprise of a receptor antenna and Bluetooth pairing system
that ensures that the Firefly and Landing Pad always remain connected. It receives the WBF data
that is collected by the Firefly and uploads it to an online database that can be updated.
5.2.2: Cloud Connectivity
The data that is collected by the Firefly is stored on a common database that would be
accessible to all Fireflies. The microcontroller of the Landing pad would have the capability to add
the received information to the database from where it will later be analyzed.
5.2.3: Pesticide Spray Tank and Nozzle
The base of the landing pad would also contain a spray tank which contains pesticide. The
pesticide is carefully chosen to ensure precise toxicity for mosquitoes so that it is below the human
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toxic threshold. It would be accompanied by a nozzle that is controlled by the microcontroller,
which activates it when the mosquito is near the tank as detected by the Firefly.
5.2.4: Miniature Solar Panel
The solution being proposed lays a strong emphasis on utilizing renewable energy for its
operation, and would therefore have a solar panel attached to the top of the landing pad. While the
panel itself harnesses energy throughout the day for use, it also acts as a shade for the Firefly when
it rests on the landing pad, thereby preventing it from overheating due to long exposure to the sun.
The energy harvested from the panel is stored in the pad itself.
5.2.5: Wireless Charging Platform
The platform is essentially the surface of the landing pad, on which the Firefly rests. It is
made of conducting material to allow the converted solar energy that is stored in the pad to flow
to the battery of the Firefly.
5.2.6: Environment-Friendly Paper Bag
A recyclable paper bag would be placed at the base of the spray tank to collect the dead
mosquitoes after the spraying process. This would prevent contaminating the surroundings, as well
as provide a metric for analyzing the effectiveness of the Firefly. By studying the number of
mosquitoes being killed daily, a deeper insight could be gained for improving the technology
further.
5.3: Functioning in the Ecosystem
The Fireflies would be deployed throughout the city that is required to be monitored. By
fixing spots such as street intersections, each Firefly can independently monitor 2-3 streets at once.

9
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The following sequence of events would be anticipated. The blue LED panel would attract the
mosquitoes to the Firefly, which would then activate its sensor to collect the WBF data and
transmit it to the microcontroller of the landing pad. The microcontroller uploads the obtained data
to a common database, from where the species, sex, and location of the mosquito can be identified.
The mosquito itself is then killed through the spray tank and collected by the paper bag.
The database is then employed to plot a density map of mosquito hotspots in the city. With
information about the presence and density of mosquitoes in a city, it is possible to present the
map of the city using color codes to illustrate zones of high mosquito population [11]. These zones
pinpoint the location of hotspots with great accuracy. Further, the map would also contain
information about the disease that is associated with each zone and the risk of contracting it. Lastly,
the map is constantly updated in real time as the entire process is instantaneous and requires
minimal processing time and power.
The mosquito density map could be sold to the government or pest control authorities for
further remedial action. It can also be made publicly available over the internet to inform users
about live mosquito hotspot locations so that they can take necessary preventive measures. The
changing hotspot locations and intensity as would be highlighted in the map could also provide a
comprehensive understanding of mosquito behavioral patterns and a potential breakthrough in
understanding their operational characteristics.
5.4: Technological Considerations
5.4.1: Flight of the Firefly
The provision of flight to a robot is a classic mechanical engineering problem and is
addressed through the first principles of physics. The technology is reliant on the lightweight
10

ENG 207

Spring 2018

nature and small physical size of the robot. Theoretically, a specimen can fly if it is able to generate
a downward thrust, known as lift force, that is greater than the gravitational pull of the Earth.
Further, since this lift force is perpendicular to the flow, it is the component of the aerodynamic
force that opposes gravity [12]. Lastly, the amount of lift force required to generate the thrust is
directly proportional to the weight of the object and thus, the lightweight nature of the Firefly
confers it the ability to fly.
The lightweight nature of the Firefly is achieved through the material that it would be made
up of. It is proposed that the body is made of polymer, with composite material reinforcements for
the wings. This allows the circuitry to be embedded into the system while allowing the wings to
flap as per the target objectives [13]. Besides, polymers are inexpensive and greatly reduce the
manufacturing cost of the product. Accordingly, the reduction in weight and cost corroborate the
choice of material.
The flying mechanism of the Firefly is the “clap and fling” method, which generates more
lift than conventional techniques [13]. It is inspired by the natural flying mechanism of other
insects and is aptly suited for the Firefly given its streamline design and structure. The biggest
advantage of the flying mechanism is that while it uses its wings to generate lift, the tail of the
Firefly maintains equilibrium and provides mechanical stability. Therefore, both the wings and tail
serve a dual purpose, and their parallel operation adds to the efficiency of the Firefly.
5.4.2: Chemical Regulation
The pesticide spray tank attached to the base of the landing bad is used to exterminate
mosquitoes that are drawn towards it. Often, pesticides that are used for chemical regulation
contain harmful chemicals such as pyrethroids and organophosphates that are toxic to the nervous,
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endocrine and reproductive system of humans [14]. Consequently, excessive use of such pesticides
has a negative impact on human health and the environment. Thus, important considerations must
be taken in terms of the amount of pesticide sprayed, its exposure and toxicity. The proposed
solution emphasizes that the spray tank is fixed at a safe distance from ground level and only
operates when the mosquitoes are detected, resulting in minimum human contact and limited air
contamination. Additionally, the chemical composition of the pesticide can be carefully selected
to minimize environmental persistence and ensure toxicity levels below the human toxic threshold.
In fact, the U.S. Center for Disease Control and Prevention (CDC) has recommended ingredients
for pesticides that have been tested such as Picaridin, a chemical made from pepper, and oil of
lemon eucalyptus, a plant-based insecticide that is safe compared to the traditionally used harmful
chemicals [15]. Thus, the Firefly’s pesticide would be made from these chemicals and would
therefore eradicate mosquitoes with minimum risk to humans.
5.4.3: Battery and Energy Efficiency
The battery used for the Firefly must be recharged frequently due to its low capacity.
Hence, the Firefly requires a sustainable yet efficient battery. To achieve this, lithium batteries can
be constructed out of conductive polymer-sulphur composites that are inexpensive and
environmentally friendly [16]. This is complemented by the Firefly’s electronic components that
require very low power for operation. The Firefly can be expected to last a full day on a single
recharge and can be programmed to recharge at night using the solar energy harvested throughout
the day. This tackles the efficiency issues arising from the domain of energy.
5.4.3: Processing Unit and Circuitry

12
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The Processing Unit is responsible for the Firefly to function as a single unit and would be
built on a chip that can be fitted on the body of the Firefly. This allows for easy maintenance, as
the chip can be simply replaced without dismantling the system if required. Furthermore, the
sensor and antenna would utilize Radio Frequency Integrated Circuits (RFIC) for wireless
communication, which minimizes the electrical power required [17]. This ensures that all
microelectronic components can function independently and maximize performance.
The circuitry required for connecting each component with the other can be implemented
on the wings on the Firefly [18]. The advantage of this topology that it imparts mechanical stability
to the system in addition to providing electrical connectivity.

6. Evaluation
The Firefly is an attempt to provide an opportunity to the underprivileged in a sustainable
manner. This section of the report evaluates its strengths and weaknesses to predict its performance
in the global market. The analysis has been performed from the economic, environmental, and
technical perspective and is presented below.
6.1: Strengths
6.1.1: Economic Considerations
The strongest selling point of the Firefly is its economic feasibility. Firstly, it combines
existing technology in an adept manner and utilizes inexpensive components, and hence can be
manufactured and retailed for as low as $49.99. This is an extremely cost-efficient alternative to
prevalent diagnostic methods which can cost upwards of $300 or more annually for prevention of
malaria alone [19]. The Firefly is inexpensive because it employs individual components for
multiple purposes. For instance, the solar panel is the main source of energy for the system, but
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also acts as a shade for the Firefly when it rests, thereby creating a protective compartment in times
of bad weather conditions.

Figure 3: Cost of malaria prevention per neighborhood [19]

Lastly, the maintenance costs of the Firefly are minimal. Once the Firefly is installed in a
locality, it does not require any significant maintenance costs. It is a self-sustainable system, as it
automatically charges itself using renewable energy, thereby justifying the one-time investment.
6.1.2: Business Model
There are two possible roadmaps to the success of the Firefly. The first is the business to
consumer (B2C) model while the second is the business to business (B2B) model. Both models
forecast positive returns and are evaluated below:
6.1.2 (a): Business to Consumer (B2C) Model
The target customers in the B2C model are individuals that buy the product for personal
use. The Firefly can be made available for purchase and can be installed by the end user outside
their home or workplace, where it would provide security against mosquitoes. The user would also
pay for an online subscription that would enable them to access the density map of the city so that
they can be aware of the risk of contracting a disease at a certain place. The model is sustainable
because it generates revenue consistently from the monthly subscription.
14
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6.1.2 (b): Business to Business (B2B) Model
The target customers in the B2B model are governments, pest control authorities, and other
businesses. In this scenario, the Firefly would be produced in bulk quantities and sold to large
organizations for deployment. The B2B model is preferred because it provides a comprehensive
overview of the city as more Fireflies would be deployed. Furthermore, the product can be sold
with or without the landing pad. In the case of being sold without the landing pad, it would function
as a standalone diagnostic tool that would provide pest control authorities with information about
the location and evolution of mosquito hotspots. The concern of eradicating the mosquito hotspots
would be taken up by the authorities. Lastly, the product would generate its revenue in the short
term through sales of the Firefly, while in the long term, it would do so through the subscription
cost of accessing the density map. It is therefore evident that both models are stable in the long
run.
6.1.3: Environmental Considerations
The Firefly’s competency is greatly enhanced by its’ environmental viability. Its reliance
on renewable energy and solar power greatly contributes to its mission of providing opportunity
through sustainability. The three discerning factors of the Firefly that add to its eco-friendly nature
is its energy efficiency, usage of renewable energy and self-sustainability.
The Firefly is energy efficient as it has a low-power battery which suffices to energize the
microelectronic components that constitute it. This enables the Firefly to function for long hours
without requiring a recharge. Further, the use of solar power provides clean energy at virtually no
energy conversion cost. It also ensures that no pollutants are released in the process. Lastly, the
rechargeable nature of the Firefly allows it to function without human interference. This adds to

15

ENG 207

Spring 2018

the lifetime of the Firefly which minimizes the electronic waste otherwise generated from its
disposal.
6.1.4: Technical Considerations
The Firefly does not involve sophisticated technology; it utilizes existing technology in an
astute manner. It implements inexpensive electronic circuits fitted in a compact way to achieve
multiple purposes. This implies that there are no additional setup costs and technological approvals
associated with its design. The fact that it can be designed and implemented in a laboratory with
basic circuit apparatus adds to the simplicity of the design. This reinforces the simple, scalable and
sustainable nature that is inherent in the Firefly.
6.2: Weaknesses
The Firefly does entail certain drawbacks, which are outlined as follows.
6.2.1: Susceptibility to moving vehicles and strong wind
The Firefly is programmed to fly in predetermined zones at specified times during the day.
It is possible that the Firefly collides with moving vehicles or loses mechanical stability during
flight when the weather conditions are unfavorable. However, the Firefly can easily be
reprogrammed to rest and charge its batteries during such conditions. Furthermore, the altitude of
the Firefly can be adjusted to avoid vehicles, as mosquitos do operate at high altitudes [20]. This
reduces the risk of operational damage associated with the Firefly.
6.2.2: Manual Refilling of Spray Tank
Another drawback of the Firefly is that refilling the pesticide tank requires human
interference, which would involve a small labor cost. However, since the spray tank is located at
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a safe distance from ground level, and since the pesticide being used is dense in volume, it is
possible to incorporate a tank that can last up to six months. This, combined with the smart control
systems that govern the Firefly greatly curtails the complexity of the problem.
The Firefly is an economically viable and environmentally sustainable concept that could
potentially provide a breakthrough in detection and eradication of mosquito hotspots. It approaches
the problem from an entirely new perspective and addresses the crux of the problem by detecting
mosquito hotspots in real time. This confers it a substantial advantage over any other competitors,
as it can update its database and convey updates to the user instantaneously. Consequently, it
demonstrates tremendous potential for preventing mosquito-borne diseases.

7. Conclusion and Recommendations
There is an exigent demand for a viable solution to mosquito-borne diseases due to their
prevalence. The Firefly is an attempt to provide a competent, accessible and affordable solution
for the detection and eradication of these pests. The highlight of the Firefly is that it targets the
very core of the problem, and tackles the biggest hurdle in the field of mosquito hotspot detection
– real-time diagnosis of highly mobile mosquito hotspots. It targets a global problem in accordance
with the United Nations Sustainable Development Goals (UN-SDGs), thereby reinforcing our
team’s vision of providing opportunity through sustainability.
Recommendations and Directions for Future Research
•

Researching for chemical compounds: The Firefly can be further improved by
incorporating pesticide that is effective against mosquitoes while not toxic to humans at
all. The tradeoff between reducing toxicity and increasing strength for efficient utilization
of pesticide is an open optimization problem worthy of research.
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Researching for mechanical stability: The Firefly’s greatest drawback is its inability to
function efficiently during strong wind and its susceptibility to moving vehicles. Further
research to develop flight control mechanisms that allow the Firefly to withstand these
conditions would help increase the stability of the system.

•

Incorporating Artificial Intelligence: The processing unit of the Firefly can be programmed
to include machine learning algorithms that would allow it to not just detect, but also
predict mosquito hotspots based on observed patterns.

•

Incorporating more sensors: The Firefly’s performance can be improved by using high
precision laser sensors and a camera for improved performance and control. The challenge
is to incorporate all these devices onto a miniature robot, given the constraints of space and
weight.

•

Enforcing Regulatory policy: In the B2B deployment of the Firefly, it is recommended that
there is a policy for paper bag collection, recycling, and spray tank refueling.
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Appendix
Table 2: Cost Analysis for the Firefly

Component

Cost ($)

WBF sensor

21.00

Antenna

8.45

LED + Wi-Fi Set

7.04

Spray

4.50

Landing Pad

9.00

Total Cost

49.99
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