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 This review comprehensively investigates the development and diverse application of drone 
technologies across various industries through a systematic literature review.  The study 
employs a rigorous methodology, beginning with a detailed literature search across major 
scientific databases to capture the most recent and relevant studies concerning drone 
technology. The findings synthesize critical insights into the evolving drone technologies, from 
compact models designed for tight spaces to advanced systems capable of high-altitude, long-
duration missions. Emphasizing their operational versatility, the review highlights the 
adaptation of drones for a multitude of tasks, such as environmental monitoring, disaster 
management, agricultural optimization, infrastructure analysis, and military operations. 
Future studies are encouraged to explore the potential for autonomous drone operation 
through the integration of artificial intelligence and machine learning, aiming to enhance 
efficiency and adaptability across various sectors. 
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1. Introduction  
 

In the current global situation, it has been 
witnessed that the unexpected spread of a highly 
contagious disease, such as COVID-19, has had significant 
and extensive effects on human lives, research 
endeavors, economies, and industries worldwide. Drone 
technology offers considerable advantages and creates 
various opportunities across multiple domains. Drones, 
which are known as Unmanned Aerial Vehicles (UAVs), 
are crucial in activities such as surveys, humanitarian 
missions, disaster preparedness, research initiatives, the 
agricultural sector, and transportation services. In the 
agricultural sector, drones are indispensable, providing 
real-time imagery and sensor data from remote farmland 
that would be challenging to acquire rapidly through 
conventional methods like walking or standard vehicles. 
Employing drones for prompt distribution of vital 
medications to the entire population can play a critical 
role in advancing the aim of achieving healthcare 
coverage for all. Moreover, incorporating drones into the 
logistics and transportation industries offers scenarios 

for enhancing the efficiency of moving both goods and 
passengers [1-3]. 

Drones were originally designed as simple devices 
but have changed the complexity of their designs to meet 
the demands of increasingly intricate missions. The 
range of drones is an essential element in establishing 
their functional capabilities, with their size, power, and 
usage conditions playing defining roles [4]. In general, 
drones can be sorted according to their performance 
characteristics, which include factors like weight, 
wingspan, wing loading, range, maximum altitude, speed, 
endurance, engine types, and production costs [5].  

Disasters, whether natural or man-made, seriously 
threaten the well-being and safety of affected 
populations, with mass disasters having a particularly 
devastating impact. Swift and effective disaster 
management is essential to aid affected individuals, 
reduce casualties, and mitigate economic repercussions. 
Disaster management involves various phases, including 
mitigation, preparedness, response, and recovery [6]. 
Collecting accurate data during emergencies is 
challenging due to insufficient coordination among the 
agencies involved [7]. The development of new 
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methodologies and technologies, combining 
telecommunication tools, remote sensing, and 
spatial/temporal-oriented databases, is proposed to 
enhance disaster management efficiency [6]. Drones play 
a crucial role in disaster response by rapidly covering 
large areas, aiding rescuers in locating victims, and 
offering critical information for search and rescue 
operations. Equipped with sensors like noise, binary, 
vibration, and heat sensors, drones can effectively detect 
survivors under debris [8, 9].  

This study aims to outline the scope and purpose 
encompassing an in-depth exploration of drone 
classifications and their various applications across a 
spectrum of industries. Through a systematic review, this 
investigation seeks to explain the developing roles of 
drones, ranging from military operations and disaster 
response to innovative applications in agriculture, 
delivery services, and space exploration. By examining 
various drone configurations, including fixed-wing, 
multi-rotor, and hybrid models, the study highlights the 
technological advancements that have broadened the 
utility and effectiveness of drones. Furthermore, it 
highlights the potential of drones to transform 
operational efficiencies, enhance data collection 
methodologies, and address critical challenges within 
multiple domains. The ultimate goal is to provide a 
comprehensive overview that not only enriches the 
academic discourse on drone technology but also 
identifies emerging trends and areas necessitating 
further research, thereby contributing to the sustainable 
development and integration of drone capabilities into 
future societal frameworks. 

 
2. Methodology for the Review 

 
This section outlines the systematic methodology 

employed to conduct the comprehensive literature 
review. This methodology guarantees the transparency, 
reproducibility, and consistency of the review process, 
enabling the identification of relevant studies spanning a 
wide range of drone technologies and their 
implementations. A schematic diagram of the research 
methodology is shown in Scheme 1. 

 

Scheme 1. Schematic diagram of the research 
methodology 

 
2.1. Search strategy 

 
A comprehensive literature search was designed to 

cover a broad spectrum of scientific databases and 
search engines, with priority given to those known for 
their extensive repository of engineering and 
technological research. Primary databases included a 
broad selection, chosen for their exhaustive inclusion of 
peer-reviewed journals, conference proceedings, and 

technical reports in the realms of engineering, robotics, 
and aerospace technologies. 

The initial search generated a significant number of 
records. Titles and abstracts were meticulously screened 
against the defined inclusion criteria, which excluded 
articles not directly relevant to the scope of the research. 
The articles that remained were subjected to a thorough 
full-text review to assess their relevance based on the 
detailed criteria specified earlier. This two-tiered 
screening process ensured a focused and pertinent 
collection of literature for the review. 

Data extraction from each article in the final 
selection concentrated on key information relevant to 
the objectives of the review, such as drone classifications, 
technological progress, and application domains. This 
involved summarizing the principal findings, 
methodologies, and conclusions of each study, paying 
special attention to innovations in drone design, 
operational capabilities, and real-world applications. The 
extracted data underwent thematic analysis, structuring 
the literature according to drone classifications, 
technological advancements, and applications tailored to 
specific sectors. This approach facilitated a 
comprehensive understanding of the current state of 
drone technology and highlighted areas for future 
research. 

 
2.2. Inclusion and exclusion criteria 

 
Inclusion criteria were meticulously defined to 

select articles offering profound insights into drone 
classifications, technological advancements, and their 
multifaceted applications across various industries. The 
review concentrated on articles published mainly since 
2010 to reflect the rapid developments in drone 
technologies within this timeframe. Included studies 
featured original research, reviews, or case studies on 
drone technology, its classifications, and its 
implementations in areas such as agriculture, disaster 
management, military usage, and environmental 
monitoring. 

Exclusion criteria were applied to omit articles that 
did not focus specifically on unmanned aerial vehicles, 
such as those addressing manned aircraft or other forms 
of robotics not relevant to aerial applications. Articles 
lacking in-depth technical analysis, preliminary findings 
without substantial data, or those not available in full-
text format were also excluded. 

 
2.3. Limitations 

 
Several limitations within this review methodology 

are recognized. The search was limited to articles 
published in English, potentially overlooking relevant 
studies published in other languages. Although the 
review sought comprehensiveness, the swift pace of 
drone technology evolution means that some recent 
developments might not be covered. The selection 
process, though systematic, might reflect the subjective 
judgment of the individuals conducting the review, 
particularly in evaluating the relevance and contribution 
of each article. 
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The structured approach to this literature review 
on drone classifications and applications has furnished a 
detailed overview of the field's current state, identifying 
both established technologies and emerging trends. 
Adhering to a rigorous methodology ensures the 
reliability and relevance of the findings, providing a 
robust foundation for future research in drone 
technology. 

 
3. Categorization of Drones 

 
Various classifications are employed to categorize 

drones based on different parameters. Watts et al. [10] 
explored a range of drone platforms and highlighted the 
specific advantages of each in meeting the requirements 
of users in scientific research. The drones were organized 
for both civilian scientific and military applications, 
considering their different factors. In their classification 
system, drones were grouped as MAVs (Micro or 
Miniature Air Vehicles), NAVs (Nano Air Vehicles), pico 
air vehicles (PAVs), HTOL (horizontal takeoff and 
landing), VTOL (Vertical Take-Off & Landing), LASE (Low 
Altitude, Short-Endurance), Smart dust (SD), LASE Close, 
LALE (Low Altitude, Long Endurance), MALE (Medium 
Altitude, Long Endurance), and HALE (High Altitude, 
Long Endurance). The classification of air drones 
provided in Figure 1 shows different drone models based 
on their configurations. This figure also takes into 
account the bio models of micro and nano air vehicles, 
which are described as live controllable birds or insects 
and flying taxidermy birds [4, 11].  

 

 
Figure 1. Different types of drones [11] 
 
3.1. UAVs category 

 
The classification of UAVs is based on several key 

factors that distinguish them from other small drones, 
such as their operational purpose, the materials used in 
their construction, and the complexity and cost of their 
control systems. UAVs vary widely in terms of size and 
configuration, ranging from wingspans as broad as a 
Boeing 737 to smaller, radio-controlled drones [12]. 
Various mission requirements have given rise to 
different types of UAVs, which are often categorized 
based on their mission capabilities. These categories 
include HTOL (horizontal takeoff and landing), VTOL 

(vertical takeoff and landing), hybrid models (such as tilt-
wing, tilt-rotor, tilt-body, and ducted fan), helicopter and 
heli-wing UAVs, as well as unconventional types [13]. In 
HTOL and VTOL UAVs, there are different configurations 
based on lift/mass balance and stability and control, 
including tailplane-aft, tailplane forward, tail-aft on 
booms, and tailless or flying wing UAVs. VTOL drones are 
more efficient in hovering flight but may have limitations 
in cruise speed due to blade stalling, making them 
suitable for short-range missions [14]. 

Hybrid drones combine the capabilities of both 
VTOL and HTOL drones and include tilt-rotor, tilt-wing, 
tilt-body, and ducted fan UAVs [15]. Tilt-rotor UAVs have 
rotors that tilt from vertical to horizontal for different 
flight modes [16]. Tilt-wing UAVs have engines fixed to 
wings that tilt with the wing [17], while tilt-body UAVs 
have a free-rotating wing with a lifting body [18]. The 
ducted fan UAVs enclose their thrusters within a duct, 
offering versatility in vertical takeoff and landing as well 
as cruising [19]. Helicopter UAVs come in various types, 
including single-rotor, coaxial-rotor, tandem-rotor, and 
quad-rotor configurations [20]. Heli-wing UAVs utilize a 
rotating wing for both vertical and fixed-wing flight [21, 
22]. Finally, unconventional UAVs encompass drones 
that do not fit into previously defined categories. This 
group includes bio-inspired flying robots, like the FESTO 
AirJelly, which mimics the flight of a jellyfish, and other 
drones with unique flying mechanisms, such as the 
FESTO flying penguin [23, 24]. Figure 2 shows the 
different types of presented UAVs. HTOL drones have 
progressed over time, culminating in four distinct 
configurations based on considerations of lift/mass 
balance and stability and control. These configurations 
encompass tailplane-aft, tailplane forward, tail-aft on 
booms, and tailless or flying wing UAVs [25]. Notably, 
propulsion systems for these configurations can be 
situated either at the rear or the front of the UAV. 
Conversely, fixed-wing VTOL UAVs utilize a vertical 
propulsion system at the front of the fuselage and feature 
cross wings, allowing them to achieve vertical take-off 
and landing without the need for a runway. 

 

Figure 2. Different types of UAVs, (a) HTOL, (b) VTOL, 
(c) tilt-rotor UAV, (d) tilt-wing UAV, (e) tilt-body UAV, 
(f) ducted fan UAV, (g) helicopter, (h) heli-wing, and (i) 
unconventional UAV [11, 26, 27] 
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VTOL drones are recognized for their efficiency in 
hovering flight but encounter limitations in terms of 
cruise speed due to issues with stalling blades. 
Consequently, missions requiring longer ranges often 
demand UAVs with higher cruise speeds [28]. The 
concept of hybrid drones has emerged to address these 
challenges, aiming to combine the capabilities of both 
VTOL and HTOL types [29]. As a result, various hybrid 
drone types have been developed, including tilt-rotor, 
tilt-wing, tilt-body, and ducted fan UAVs [30]. The free 
wing tilt-body UAV stands out from traditional fixed-
wing and rotary-wing drones. It features a unique design 
where the wing can freely rotate along the pitch axis, and 
the fuselage serves as a lifting body. Both the right/left 
wing pair and central lifting body can rotate 
independently of the relative wind and each other. This 
unconventional design includes a boom attachment to 
the fuselage for adjusting the incidence angle in response 
to external commands. The key benefits of this design are 
its capability for short take-offs and landings (STOL), 
low-speed loitering, and reduced sensitivity to changes 
in the center of gravity (CG) [31, 32]. Ducted fan UAVs are 
drones with thrusters enclosed in a duct, allowing for 
vertical take-off, hovering, and controlled flight with 
counter rotors and control surfaces. However, there is a 
challenge related to flow separation when transitioning 
to and from cruise flight [28, 33].  

Presently, researchers are engaged in designing 
unmanned helicopters with diverse features, including 
vertical takeoff, landing, and hovering capabilities. These 
helicopter UAVs can be classified into four types: single 
rotor, coaxial rotor, tandem rotor, and quadrotor. 
Additionally, there are Heli-wing UAVs, a special class of 
drones utilizing rotating wings, enabling them to 
perform both vertical and fixed-wing flight modes [34].  

Unconventional UAVs, including bio-inspired 
models, defy traditional categorization. One such 
example is the FESTO AirJelly, inspired by jellyfish, 
capable of gliding through the air using a helium-filled 
ballonet and a peristaltic drive system based on recoil 
principles. These unconventional UAVs showcase 
distinct flight characteristics compared to conventional 
counterparts, and the FESTO flying penguin is another 
noteworthy illustration of this category [24, 35].  

 
3.2. µUAVs category 

 
A μUAV, or small UAV, is a compact unmanned 

aerial vehicle that can be carried by a person and 
typically launched manually, eliminating the need for a 
runway. These μUAVs vary in design and fall into 
categories such as HTOL, VTOL, hybrid models, 
helicopters, ornithopters with flapping wings, and 
unconventional types. These μUAVs are typically smaller 
and lighter than their larger UAV counterparts (Figure 3). 

An ornithopter is an aircraft that mimics bird flight 
by flapping its wings. This concept has historical roots 
dating back to ancient Greek legends and was endorsed 
by early visionaries like Roger Bacon and Leonardo da 
Vinci. The first ornithopter, built by Gustav Trouvé in 
1870, achieved a notable flight distance. Modern 
researchers have also developed flapping-wing drones, 

including FESTO's Smart-Bird, which emulates the flight 
of seabirds [38, 39]. An ornicopter is a distinctive aircraft 
that blends helicopter characteristics with bird-like wing 
flapping. The term "ornicopter" reflects its nature as a 
helicopter with wing-flapping abilities. A team of 
aeronautical engineers devised this concept to eliminate 
the need for a tail rotor and enhance maneuverability 
through bird-like wing motion, departing from 
conventional tail rotor and NOTAR systems [40]. 
Cyclocopters, or cyclogyros, are a class of μUAVs that 
employ cycloidal rotors with rotating airfoils to achieve 
lift and thrust forces. These innovative aircraft can 
perform vertical takeoffs, landings, and hovering, much 
like helicopters. The cyclocopter's wing design resembles 
a paddle wheel with airfoils. 

 

Figure 3. Different types of μUAVs, (a) HTOL, (b) VTOL, 
(c) tilt-rotor, (d) tilt-wing, (e) tilt-body, (f) ducted fan 
μUAV, (g) helicopter, (h) ornithopter, (i) ornicopter, (j) 
cyclocopter, and (k) unconventional μUAV [11, 36, 37] 

 
3.3.  MAVs category  

 
MAVs are compact aircraft, typically under 100 cm 

in length and weighing less than 2 kg, with nine 
categories, including fixed wing, flapping wing, VTOL, 
rotary wing, tilt-rotor, ducted fan, helicopter, ornicopter, 
and unconventional types, enabling diverse sensor 
applications across engineering fields [41]. Different 
types of MAVs are shown in Figure 4. While the Defense 
Advanced Research Projects Agency (DARPA) originally 
defined MAVs as less than 150 mm and 50-100 g, their 
dimensions have evolved to 15-100 cm and 50 g to 2 kg 
[42, 43]. MAVs, which emerged in the early 1990s, are 
prized for their low-speed, low-altitude capabilities in 
tasks like monitoring, tracking, and mapping, although 
turbulence in the atmospheric boundary layer 
necessitates precise design [44]. These drones often 
deviate from conventional UAV design due to their 
unique missions and shorter timelines. VTOL, tilt-rotor, 
ducted fan, helicopter, ornicopter, and unconventional 
MAVs resemble μUAV models but are smaller and lighter.  

Fixed-wing MAVs (Figure 4a) are suitable for 
different environments, from jungles to urban areas and 
even the Arctic [45]. Their small size, low power 
requirements, and cost-effective production make them 
discreet and challenging to detect. In obstacle-rich urban 
or forested settings, MAVs use short wings with low 
aspect ratios for efficient maneuvering [46]. Ensuring
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high endurance and range is vital for MAVs involved in 
tasks like data collection and patrolling, with better 
performance often linked to higher lift-to-drag ratios. 
Mueller's research highlights the aerodynamic benefits 
of camber and wing shapes, favoring cambered plates 
[41, 47] . Fixed-wing MAVs excel in range, endurance, and 
altitude, compared to flapping and rotary-wing MAVs 
typically employed for slower indoor missions. Various 
wing planforms, such as rectangular, tapered wings with 
swept leading edges, Zimmerman, inverse Zimmerman, 
and elliptical, are employed in fixed-wing MAV designs 
[45].  

Flapping-wing drones, categorized into MAVs, 
PAVs, and NAVs, draw inspiration from various 
organisms, such as birds, insects, and creatures like 
hummingbirds and dragonflies, respectively [48, 49]. 
These drones feature flexible and lightweight wings, 
mirroring the natural aerodynamics observed in birds 
and insects, which significantly influence their flight 
efficiency and stability. The complex aerodynamics of 
flapping wings pose challenges, and research in 
aerospace engineering has intensified due to growing 
interest in this field [50].  Reduced wing area in smaller 
drones leads to low Reynolds numbers and a flow 
transition, impacting aerodynamic efficiency. Drones 
with low Reynolds numbers utilize different methods to 
generate aerodynamic forces, but they may encounter 
issues like flow separation, leading to increased drag and 
reduced efficiency [51]. Flapping-wing drones offer 
unique movability advantages due to their biologically 
inspired design, making them ideal for applications like 
search and rescue. They can be configured as 
monoplanes, biplanes, or tandems, each with its own 
advantages and characteristics, presenting promising 
opportunities for drone development and application 
[52].  

Drawing inspiration from the flight dynamics of 
insects, specifically the dragonfly, researchers have 
embarked on innovative approaches to micro UAV 
design, showcasing the potential for biomimicry in 
advancing aerial robotics. The TechJect Dragonfly 
(Figure 4k), a product of Georgia Tech's interdisciplinary 
team, emerges as a prime example of this inspiration. 
After four years of rigorous research and development, 
supported by a $1 million grant from the U.S. Air Force, 
this robotic ornithopter embodies the combined flight 
functionalities of quadricopters, helicopters, and fixed-
wing aircraft within a compact form factor. Notably, the 
TechJect Dragonfly, resembling its natural counterpart in 
both form and maneuverability, spans 15 cm in length 
and is lightweight at 25 grams, powered by a lithium 
polymer battery allowing for significant flight and hover 
times. Its design emphasizes modular customization, 
enabling the incorporation of up to 20 onboard sensors 
to cater to diverse applications ranging from aerial 
photography to military reconnaissance. Offering 
various models (Alpha, Delta, Gamma, and Omega) 
(Figure 4(l,m,n,o)) each tailored for specific 
functionalities and user needs, the Dragonfly promotes a 
new era of versatile, customizable UAVs. This initiative 
not only signifies a leap in drone technology but also sets 

a precedent for future developments in robotic flight, 
with TechJect leveraging crowdfunding to bring this 
pioneering technology to market and foster a community 
of innovation through shared applications and 
development support [53]. 

 Research in low Reynolds number unsteady 
aerodynamics and flapping-wing propulsion has led to 
the development of unconventional MAVs that utilize 
both fixed and flapping wings (fixed/flapping-wing 
MAVs) for propulsion, creating a hybrid design. In this 
configuration, the MAV incorporates a low aspect ratio 
fixed wing along with a trailing set of higher aspect ratio 
flapping wings that move in a counterphase, as 
demonstrated in Figure 4c. The integration of flapping 
wings improves efficiency, maintains a mechanically and 
aerodynamically balanced structure, and prevents stall 
over the fixed wing by entraining flow. A similar concept 
is observed in dragonflies with tandem wings, where 
they employ two pairs of wings to enhance lift and thrust 
forces, offering unique advantages in micro air vehicle 
design [54]. 

 

 

 

 

 
Figure 4. Different types of MAVs, (a) fixed wing, (b) 
flapping wing, (c) fixed/flapping-wing, (d) rotary wing, 
(e) VTOL, (f) ducted fan, (g) tilt-rotor, (h) helicopter, (i) 
unconventional, (j) ornicopter [11], (k)  TechJect 
Dragonfly fits in the palm of a hand, (l) Alpha model 
Dragonfly, (m) Delta model Dragonfly, (n) Gamma 
model Dragonfly, (o) Omega model Dragonfly [53] 
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Compared to other drone types like UAVs, MAVs 
offer a significant advantage in their compact size, 
enabling them to navigate through confined spaces [55]. 
Rotary wing MAVs, illustrated in Figure 4d, are 
particularly adept at this due to their hovering capability 
and exceptional maneuverability [56]. These drones, 
referred to as rotary wing drones, employ rotary blades 
or propeller-based systems, allowing them to move in 
various directions, including horizontal and vertical 
flight, as well as stationary hovering [28]. This flexibility 
makes them well-suited for inspecting challenging 
locations like pipelines and bridges [57]. Similar to 
helicopters, rotary wing MAVs use rotor blades to 
generate lift. These drones come in a range of 
configurations, from mono-copters with one motor and 
blade inspired by whirling seeds falling from trees, to 
twin-copters, tri-copters, quad-copters, penta-copters, 
hexa-copters, octo-copters, deca-copters, and dodeca-
copters, featuring two to twelve motors, each known for 
specific capabilities [58, 59]. 

 
3.4. NAVs category 

 
In addition to micro air vehicles, DARPA initiated a 

separate program focused on nano air vehicles (NAVs) 
[60]. NAVs come in various configurations, including 
fixed wings, rotary wings, and flapping wings, as 
illustrated in Figure 5. NAVs are characterized by their 
extremely small size, with a maximum wing span of 15 
cm, and low weight, typically under 50 g [61] . These 
miniature drones have a limited range of less than 1 km 
and can reach maximum flight altitudes around 100 m 
[60]. 

 

Figure 5. Different types of NAVs, (a) fixed wing 
[62], (b) flapping wing [63], (c) helicopter [64], (d) 
monocopter, (e) quadrotor, (f) hexacopter, and (g and h) 
unconventional [11] 
 

3.5. PAVs category 
 
In recent years, there has been a concerted effort 

among researchers to create drones on a minuscule scale, 
comparable to that of insects [65]. This endeavor has led 
to the emergence of a new category of drones known as 
pico air vehicles (PAVs) [65]. These PAVs, characterized 
by their small size and light weight, primarily feature 
quadrotors and flapping wings. Flapping-wing PAVs have 
gained prominence for their insect-like flight abilities, 
such as hovering and agile maneuvering [66]. Various 
research teams have explored the development of micro-
robotic drones. For instance, a design with an 
exoskeleton and elastic joints inspired by insects was 
proposed by Shimoyama et al. [67]. Dickinson et al. [68] 
aimed to create an insect-sized drone with a 25 mm 
wingspan and 100 mg weight. The range of PAV types is 
shown in Figure 6 [11]. 

 

Figure 6. Different types of PAVs, (a, b, c, and d) 
flapping wing, and (e) quadrotor [11, 69, 70] 
 
3.6. SD category 

 
Currently, the fusion of nanotechnology, wireless 

sensor networks, and micro-electro-mechanical systems 
(MEMS) plays a vital role in numerous applications like 
climate control, building safety, and environmental 
monitoring [71]. A noteworthy illustration is the 'smart 
dust' project, comprising hundreds to thousands of tiny 
MEMS that can detect light, temperature, vibration, 
magnetism, or chemicals. These tiny robots are typically 
deployed across various areas to carry out specific tasks. 
For instance, they can be transported by wind or 
suspended in the air to monitor weather, air quality, and 
more [72]. Each smart dust mote encompasses sensors, a 
power source, analog circuitry, bi-directional 
communication, and a programmable microprocessor, 
with mote sizes ranging from 1 mm to 3 mm based on the 
power source [73]. These versatile motes find 
applications in both commercial and military contexts, 
equipped with sensors for acoustics, vibration, and 
magnetic fields, and they can be deployed via unmanned 
air vehicles (UAVs) or micro air vehicles (MAVs) [74]. 
Ongoing efforts seek to integrate chemical and biological 
sensors into smart dust motes, as depicted in Figure 7. 
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Figure 7. (a) Structure of smart dust motes [75], (b, c, d, 
and e) smart dust motes [11], and (f) smart dust 
application [76] 
 
3.7. Bio-drone category 

 
Investigation and patrolling in civil and military 

contexts have sparked interest in novel tools for these 
tasks. While large drones like the Global Hawk have been 
deployed for such missions, the attention has turned 
towards smaller, bio-inspired micro drones. These 
drones, inspired by birds and insects, are developed 
using various design techniques. Some unconventional 
methods suggest using live or deceased birds and insects 
equipped with electronic chips for missions instead of 
creating artificial drones. This categorizes bio-drones 
into two types: taxidermy and live drones [77, 78].  

A recent novel concept involves employing the 
preserved bodies of deceased animals or birds as the 
framework for drones. The taxidermy bodies are 
integrated with electrical batteries and sensors to form 
structural elements. Jansen [79] was a pioneer in this 
field, using taxidermy animal bodies, including cats, rats, 
and an ostrich, to create various drones, such as quad-
copters (Orvillecopter and OstrichCopter) and a tricopter 
(Ratcopter). While the deceased cat and rat bodies might 
not seem like naturally flight-efficient structures, the 
concept, when applied to taxidermied birds, offers 
potential for new platforms for flapping-wing drones. 
Researchers at Duke University used a taxidermied dead 
bird known as Robosparrow, animated by robotics, to 
explore the behavior of the swamp sparrow species [80]. 
Although originally utilized for biological studies, this 
taxidermy bird offers fresh insights for potential 
applications as drones. 

The integration of low-power radio systems and 
miniature digital circuits, along with the study of 
neurophysiology and the dynamics of bird and insect 
flight, presents an opportunity to control the flights of 
these creatures. Despite strides in microfabrication 
technology and insect flight understanding, creating tiny 
flyers capable of navigating real-world environments 
remains a complex task. The smallest micro drone is the 

microroboticfly developed at Harvard Microrobotics 
Laboratory, weighing a total of 60 mg. However, these 
small drones encounter challenges in matching the 
mechanical efficiencies and power densities of current 
power sources [81]. Researchers have explored solutions 
by merging synthetic control and communication 
systems into living insects to guide their free flight. For 
example, scientists at Shandong University of Science 
and Technology in China managed to remotely control 
pigeon movements by attaching an electronic chip to the 
bird's brain [78]. Using thin electrodes implanted in 
areas of the brain responsible for movement, they 
achieved remote control. Additionally, these birds can be 
outfitted with GPS, modems, and cameras, then released 
in target areas to perform missions without direct 
control over their actions. 

 
3.8. Hybrid drone category 

 
Significant efforts are underway to create drones 

with diverse capabilities suitable for various 
environments. These drones exhibit the capacity to 
navigate across land, water, and air. Figure 8 illustrates a 
range of hybrid drones designed for air-ground and air-
water operations. A company known as 'B' has developed 
a hybrid tank-quadcopter, allowing the drone to 
transition from ground mobility to aerial flight with a 
simple switch (Figure 8(a)) [11]. Additionally, the DALER 
robot combines the features of flight and terrestrial 
locomotion, taking inspiration from the vampire bat 
Desmodus rotundus to achieve both long-distance flight 
and local exploration on foot (Figure 8(b)) [11]. The 
micro air-land vehicle (MALV), designed by Bachmann 
and colleagues, can traverse challenging terrains by 
incorporating passively compliant wheel-leg running 
gear, enabling it to fly and move on the ground (Figure 8 
(c)). Another innovative creation is the Parrot Hydrofoil, 
a hybrid drone seamlessly functioning in both air and 
water environments (Figure 8(d)) [11]. 

Further expanding the horizon, researchers at 
Rutgers University have developed a versatile flying and 
diving drone designed to assist in search-and-rescue 
missions, defusing underwater mines, and monitoring oil 
spills (Figure 8(e)) [82]. The HexH2O is another type of 
hybrid drone, boasting the ability to operate in both 
aerial and aquatic domains (Figure 8(f)) [83]. Engineers 
at the Aerial Robotics Laboratory of Imperial College 
London have introduced a multimodal flapping wing 
Micro Air Vehicle (MAV) inspired by amphibious birds, 
capable of flying, diving into water, and taking flight once 
more. This versatile Aquatic Micro Air Vehicle 
(AquaMAV) is intended for tasks such as water quality 
monitoring, search and rescue operations, and 
underwater exploration (Figure 8(g)) [84].  

Table 1 offers a concise overview of the pros and 
cons of various drone classifications, highlighting 
significant considerations for their deployment across 
different scenarios and applications. This discussion 
allows for an informed decision-making process when 
choosing a drone for specific needs based on the trade-
offs between advantages and disadvantages. MAVs are 
particularly beneficial for operations in confined spaces 



International Journal of Engineering and Geosciences, 2024, 9(3), 418-442 
 

425 
 

due to their small size and agility. However, their limited 
range and payload capacity restrict their use to shorter, 
more localized tasks. This makes MAVs ideal for indoor 
surveillance or tasks where space is constrained but less 
suitable for extended missions. NAVs push the 
boundaries of miniaturization even further, offering 
unparalleled access to extremely tight spaces. Their 
covert nature allows for applications in sensitive or 
otherwise inaccessible areas. Yet, their practicality is 
hampered by very limited payloads and susceptibility to 
environmental disturbances, which could significantly 
impact their operational reliability. Hybrid UAVs stand 
out due to their versatile capabilities. They merge the 
endurance and speed of fixed-wing UAVs with the 
vertical take-off and landing abilities of rotary-wing 
UAVs. This makes them highly adaptable to varied 
mission profiles, though at the cost of increased 
complexity and maintenance needs.  

 

 

  

  

 
Figure 8. Air-ground hybrid drones (a) tank quadcopter 
[85], (b) DALER robot [86], (c) MALV [87],  (d) Parrot 
Hydrofoil [88], (e) Rutgers University drone [89], (f) 
HexH20 [90], and (g) AquaMAV [91] 
 

Fixed-wing UAVs excel in tasks requiring long-
distance travel and high speeds, such as aerial mapping 
or large-scale surveillance. Their need for a runway, 
however, limits their deployability in environments 
without the necessary infrastructure, and their fixed 
wings limit maneuverability in constrained spaces. 
Rotary-wing UAVs, with their ability to hover and 
perform vertical takeoffs and landings, are excellent for 
precise, stationary tasks, such as detailed inspections or 
targeted payload deliveries. However, their energy 
consumption reduces their operational time, which can 
be a critical limitation in prolonged missions. 

Bio-inspired UAVs represent a cutting-edge area of 
drone development, drawing from nature to potentially 
revolutionize drone efficiency and capabilities. Despite 
their innovative design, the practical application of such 
UAVs remains largely experimental and costly, with 
significant technical challenges to overcome. 

In conclusion, the selection of a drone type involves 
balancing these pros and cons against the specific 
requirements of the intended application. As technology 
advances and new designs emerge, these classifications 
may evolve, further expanding the capabilities and 
addressing the current limitations of UAVs. Future 
research should continue to refine these classifications 
and explore new possibilities in drone technology, 
aiming for an optimal blend of performance, efficiency, 
and adaptability. 
 
Table 1. Drone classification evaluation 

Category Pros Cons 

Micro Air 
Vehicles 
(MAVs) 

- Highly 
maneuverable in 
tight spaces  
- Lightweight and 
portable 

- Limited payload 
capacity 
- Shorter range and 
endurance 

Nano Air 
Vehicles 
(NAVs) 

- Extremely small 
and discreet for 
covert operations 
- Can access very 
confined areas 

- Very limited range 
and payload 
- Often more 
susceptible to 
environmental 
factors like wind 

Hybrid UAVs 

- Combine 
capabilities of 
fixed-wing and 
rotorcraft 
- Versatile in 
various flight 
conditions 

- Complex 
mechanics can lead 
to higher 
maintenance costs 
- Often larger and 
less efficient at 
hovering 

Fixed-wing 
UAVs 

- Longer 
endurance and 
faster speed 
- Suitable for 
covering large 
distances 

- Requires runway 
or large area for 
takeoff and landing 
- Less 
maneuverable in 
tight spaces 

Rotary-wing 
UAVs 

- Can hover and 
perform vertical 
take-offs and 
landings 
- Good for precise 
maneuvering 

- Generally have 
shorter flight times 
due to higher 
energy use 
- Slower speeds 
compared to fixed-
wing 

Bio-inspired 
UAVs 

- Innovative 
designs inspired 
by natural fliers 
like birds and 
insects 
- Potential for 
highly efficient 
aerodynamics 

- Still largely 
experimental 
- High cost of 
development and 
potentially high 
failure rates in 
initial designs 

 

 a  b 
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The classification of drones, as reviewed in this 
article, serves as a foundational element to 
understanding the variety within drone technology. 
While the classification framework provided organizes 
various drone types based on size, function, and design 
specifications, analysis reveals some common patterns 
and notable gaps across the literature. Commonly, 
studies emphasize the operational capabilities and 
design optimization of drones, focusing mainly on 
enhancing efficiency and adaptability for specific tasks 
such as VTOL (Vertical Take-Off and Landing) 
capabilities or endurance improvements. However, a 
critical shortfall in current classifications is the lack of 
representation of emerging technologies, such as 
biomimicry-inspired designs, and their categorization. 
These innovative approaches suggest a potential 
development in drone capabilities that could influence 
future classifications. An inferential analysis suggests the 
need for a dynamic classification system that can 
integrate new technological advancements and provide a 
more detailed understanding of drone capabilities, 
particularly in response to the rapidly changing 
landscape of drone applications in both civilian and 
military contexts. 

 
4. Different applications of drones 

 
In light of the significance of disaster control and 

effective management, following the examination of 
diverse drone types in the previous section, this section 
of the paper explores the impact and efficiency of UAVs 
across various applications, with the main focus on the 
drones’ application in search and rescue, and disaster 
management and recovery. The applications of drones 
can be categorized in various ways, including by the 
nature of the mission (civilian or military), the type of 
flight zone (indoors or outdoors), and the environment 

(underwater, on water, ground, air, or space) [11]. 
Currently, drones are not only utilized in military 
contexts but are regularly used in firefighting, disaster 
evaluation, search and rescue missions, and the 
entertainment industry for multimedia and film 
production. They are employed extensively for aerial 
surveillance, covering activities like law enforcement, 
counter-terrorism operations, managing large public 
events, protecting high-value targets and VIPs, 
monitoring ground and sea traffic, and controlling 
environmental pollution. Additionally, they find 
applications in telecommunications, agricultural 
monitoring, wildlife surveillance, safeguarding fisheries, 
exploring minerals, conducting ground mapping and 
photography, observing weather patterns, inspecting 
pipelines and power lines, transporting goods, and 
facilitating mail and delivery services [92-95]. Figure 9 
illustrates a flowchart detailing the diverse applications 
of various drone types. 

Over recent years, flying robots have increasingly 
become crucial and provide invaluable assistance in a 
wide range of tasks, covering from surveying, 
humanitarian efforts, disaster risk management, and 
research initiatives to transportation services. 
Furthermore, over the past few decades, researchers 
have been dedicated to devising new drone designs for a 
wide array of uses. In the context of the ongoing 
pandemic, drones have emerged as crucial assets in the 
delivery of essential medical supplies, including drugs 
and food. Drones exhibit the potential to serve as reliable 
platforms for transporting laboratory samples, 
emergency medical gear, vaccines, pharmaceuticals, and 
more. Government agencies have prioritized the 
utilization of drones, and future endeavors will 
encompass robust safety research initiatives, heightened 
public awareness, industry growth, and increased 
participation [2, 21].  

 

Figure 9. Different applications of drones [11] 
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4.1. Disaster management 
 
Natural disasters like earthquakes, mudslides, and 

wildfires pose severe threats to life, property, and the 
economy in affected regions. Over the last 50 years, the 
occurrence of such disasters has increased nearly five-
fold globally [96]. The emergence of UAVs integrated 
with artificial intelligence has revolutionized disaster 
response methodology. Owing to their affordability, 
mobility, and adaptability, UAVs can penetrate hard-to-
reach disaster zones, creating digital maps and 
facilitating communication relay for swift post-disaster 
rescues [97, 98]. 

However, utilizing UAVs for post-disaster rescue 
encounters substantial engineering challenges. Their 
onboard battery's limited capacity due to strict weight 
and space requirements implies restricted service time 
and coverage. Moreover, UAVs have limited 
computational capabilities, leading to delays in real-time 
applications like image processing and video streaming 
[99]. Intensive computation tasks can diminish battery 
life, mandating the offloading of missions to nearby 
devices with greater computational capabilities [100]. 

Disaster occurrences, both natural and human-
made, lead to profound impacts, as evidenced by an 
increased disaster rate recorded between 2001-2020. 
The year 2021 notably experienced 432 disaster events, 
underscoring the gravity of this issue [101]. The 
aftermath of such incidents results in not only physical 
damage but also societal and economic losses, disrupting 
entire regions. These losses encompass structural 
damage, infrastructure impairment, and economic 
setbacks [102]. Swift action during such crises is critical, 
especially in rescue operations, to contain the losses and 
impacts, hence advocating for proactive disaster 
management strategies [103]. Disaster management 
involves multifaceted stages, spanning pre, during, and 
post-disaster phases, each demanding unique tasks and 
considerations [104, 105]. 

Various technologies and hardware chips have 
been employed for disaster management tasks, 
integrating sensors, cameras, and artificial intelligence 
(AI) for enhanced search and rescue endeavors [106]. 
Among these technologies, wireless communication and 
Unmanned Aerial Vehicles (UAVs) have proven effective 
in managing disaster situations [107]. UAVs serve 
diverse purposes in disaster scenarios and offer 
solutions to critical disaster management tasks [108]. 
Researchers have integrated different technologies and 
functions with UAVs, such as sensors for data collection 
and wireless servers for communication with rescue 
teams [106]. Figure 10 illustrates various applications 
for drones involved in search and rescue operations and 
disaster management. 

In times of both natural and human-made disasters 
like terrorist attacks, floods, or wildfires, UAVs offer 
invaluable assistance. Their capabilities extend to 
assessing disaster-stricken areas where human 
intervention may be hazardous, notably in areas with 
damaged communication infrastructure, transport, and 
utilities. Equipped with radars, sensors, and high-quality 
cameras, UAVs assist rescue teams in damage 

assessment, swift recovery operations, and the delivery 
of critical resources like medical kits and manned 
helicopters. Notably, UAVs play a significant role in 
search and rescue operations (SAR) due to their low cost 
and reduced human risk, particularly in situations such 
as earthquakes, floods, and threats to infrastructure [14, 
111]. 

The importance of quick and efficient response in 
search and rescue missions is undeniable. Drones are 
instrumental in rapidly assessing disaster scenarios, 
surpassing the time needed for readiness that manned 
aircraft require [11, 14]. They possess sensors for 
imaging, vision, or thermal cameras and relay real-time 
visual data to ground control systems, expediting the 
initial scan of affected areas. Moreover, they significantly 
contribute to the localization of survivors or victims 
through various means, such as GPS and RF emitters 
[106]. Further innovative approaches include Wi-Fi-
based object location estimation and weight-based 
exploration tactics, enabling quicker search and retrieval 
operations [112]. UAVs' ability to capture high-
resolution images from multiple angles is crucial for 
gathering valuable visual data [113]. Survivors located in 
perilous or inaccessible areas often require essential 
provisions such as water, food, and medications to 
ensure their safety until rescue efforts are successful 
[114, 115]. UAVs have proven to be highly effective in 
delivering medical assistance and supplies to aid those 
injured in disasters. Furthermore, these aerial vehicles 
are utilized to transport medical resources to hospitals 
and clinics that have become unreachable due to 
damaged roads in the aftermath of catastrophic events 
[116]. 
 

Figure 10. Application of drones in search and rescue 
missions and disaster management [11, 109, 110] 

 
Drones have emerged as superior alternatives to 

manned aerial vehicles for swift search and rescue 
missions, leveraging drones' autonomy, speed, and 
agility to tackle tasks beyond human capability [117]. 
Drones are pivotal in collecting crucial evidence and 
conducting surveillance, despite the challenges in these 
operations, such as time constraints, risk to human life, 
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and harsh conditions like disaster zones and wooded 
areas. Over recent years, various drone designs and 
concepts have advanced, focusing on control, imaging, 
human identification algorithms, and configurations, 
with potential applications in diverse natural and man-
made disasters, including storms, floods, earthquakes, 
and accidents [118]. Search and rescue missions 
conducted by drones are categorized into four types 
based on their environments: wilderness, maritime, 
combat, and urban settings. Wilderness operations aim 
to find lost individuals or items, utilizing medical drones 
for urgent care in remote areas [119]. Maritime missions 
deal with locating individuals lost at sea, facing 
challenges such as weather conditions and limited 
energy, affecting mission success. Various projects have 
employed fixed-wing and multirotor configurations in 
SAR missions, with researchers developing autonomous 
quadrotors for indoor and outdoor urban searches and 
quadrotors specifically for mountain avalanche 
incidents. These diverse applications illustrate the 
extensive capabilities of drones in search and rescue 
endeavors [120].  For example, Erdos et al. introduced a 
typical fixed-wing design for search and rescue 
endeavors [120], while Goodrich et al. utilized a flying 
wing Unmanned Aerial System (UAS) for wilderness 
search and rescue missions [121]. Multirotor 
configurations, particularly quadrotors, are also 
commonly used in SAR missions. Tomic et al. [122] 
developed a fully autonomous quadrotor suitable for 
indoor and outdoor urban search and rescue missions, 
while Scherer et al. [123] employed an autonomous 
Multi-UAV system with multiple multi-rotors for SAR 
operations. 

Survival following disasters heavily relies on the 
speed and effectiveness of search and rescue missions. 
UAVs significantly contribute to surveillance operations 
and localization of survivors, reducing costs and search 
times. Various methodologies, from sensing technologies 
to auditory estimation techniques, are employed for 
these tasks, bolstering the efficiency and accuracy of 
search and retrieval missions. Their low altitude 
capability allows UAVs to gather detailed images from 
various perspectives, a critical advantage in search and 
rescue operations.  

Developing drones to operate under radiation 
conditions presents a unique set of challenges that 
require innovative solutions across materials science, 
electronics, and operational strategies. The primary 
concern in such environments is protecting the drone's 
electronic systems and onboard sensors from radiation-
induced damage, which can lead to malfunction or 
failure. Materials engineering plays a crucial role in this 
development process. The use of radiation-hardened 
components and shielding materials is essential. 
Manufacturers often employ materials like lead or 
tungsten for shielding sensitive electronics; however, 
their weight impacts the drone's flight capabilities. 
Consequently, there's a growing interest in lighter 
composite materials that can provide effective radiation 
protection without compromising performance. 
Electronically, drones destined for high-radiation areas 
need components that are resistant to ionizing radiation. 

This includes everything from the processors and 
memory to the sensors and communication systems. 
Radiation-hardened electronics, designed to withstand 
the effects of high-energy particles, are a critical 
component of these drones. These specialized parts 
undergo rigorous testing to ensure reliability under 
exposure. Operationally, the design and flight paths of 
drones may be adapted to minimize radiation exposure. 
This could involve limiting the time spent in high-
radiation zones or utilizing autonomous navigation 
algorithms to identify and avoid areas of higher radiation 
intensity. Finally, ongoing monitoring and maintenance 
are vital to address any radiation-induced degradation 
over time. Advanced diagnostics and remote monitoring 
technologies can help in early detection of potential 
issues, allowing for timely maintenance or component 
replacement [124-128]. 

With growing curiosity in surveying and examining 
environments impacted by radiation, from nuclear 
disaster zones to the realms of space exploration, the 
creation of drones designed to function in these 
challenging conditions presents a significant opportunity 
for research and technological advancement. 

 
4.2. Agriculture and environmental protection 

 
UAVs are increasingly integrated into precision 

agriculture applications, playing a crucial role in tasks 
such as collecting ground sensor data, conducting 
pesticide spraying, disease and weed detection, 
irrigation scheduling, and crop monitoring. These 
applications in precision agriculture contribute to cost-
effective and time-efficient methods, ultimately 
enhancing the profitability and productivity of farming 
systems. The utilization of UAVs enables crop 
management, pest damage control, and weed 
monitoring, directly affecting improved crop yields and 
aiding in meeting specific production needs. 
Additionally, with the incorporation of remote sensing 
technology, UAVs offer multifaceted observations, 
including temporal, spatial, and spectral resolution, 
supporting detailed vegetation height data and multi-
angular observations [111, 224, 225]. 

While drones are commonly associated with 
military applications, they have an expand8ing role in 
environmental missions, notably in the management of 
national parks, agriculture, and wildlife tracking, as well 
as climate change observations. These UAVs are 
instrumental in studying and monitoring ecosystems 
across various environments, ranging from rainforests to 
oceans [129]. Their use is not only limited to 
environmental observation but extends to disaster 
recognition and investigation, particularly in scenarios 
like forest fires and avalanches [130]. A study on Amazon 
river dolphin populations by Oliveira-da-Costa et al. 
[131] revealed that aerial drones provided a more 
accurate, cost-effective estimation compared to 
traditional visual surveys. Similarly, research by Colefax 
et al. [132] indicated the effectiveness of drones in 
monitoring marine fauna along coastal beaches, 
suggesting their significant potential for environmental 
monitoring.  
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Drones have been effectively used for nature 
conservation purposes, such as automatic animal 
population localization and counting, demonstrated by 
Gemert et al. [133] using object recognition techniques. 
Furthermore, Van Andel et al. [134] utilized a typical 
fixed-wing drone to locate Chimpanzee nests and identify 
fruiting trees. These studies showcase the varied 
applications of drones in environmental protection and 
wildlife research. Various types of drones have been 
employed in environmental protection efforts, with 
fixed-wing and quadrotor configurations being 
particularly popular. These drones have been utilized for 
diverse studies and wildlife observations. For instance, 
Pirotta et al. [135] developed a cost-effective quadrotor 
for assessing whale health, while Hartman et al. [136] 
studied the social dynamics among male Risso's Dolphins 
using quadrotors.  

In smart agriculture, UAVs perform various tasks 
such as crop management, weed and disease detection, 
pesticide spraying, and irrigation scheduling, offering a 
cost-effective and efficient alternative to traditional 
methods. These aerial tools generate real-time data and 
high-resolution images, enabling remote access to crop-
related data through cloud-based platforms [14]. 
Furthermore, several applications discussed by 
Radoglou-Grammatikis et al. [137] highlight the diverse 
monitoring techniques used in precision agriculture, 
including the use of different sensors (thermal, 
multispectral, hyperspectral cameras) and spraying 
systems, optimizing pesticide and fertilizer selection 
based on plant diseases and pests. The research 
examines UAV architecture, methodologies, technical 
specifications, and the types of crops studied, outlining 
trends and future research directions. The prospective 
work involves developing a Decision Support System 
(DSS) managing a Fleet Ad Hoc Network (FANET) and a 
ground-based Wireless Sensor Network (WSN) for crop 
monitoring and spraying processes. The envisioned 
system utilizes fixed-wing UAVs for acquiring images to 
estimate vegetation health using deep learning models 
and terrestrial sensors for critical chemical data. 
Simultaneously, the FANET with rotary-wing UAVs 
equipped with spraying devices covers specific subareas. 
The WSN supplies weather data to inform DSS decisions 
on UAV motions, enhancing agility, direction, and 
velocity adjustments for optimal spraying.  

UAVs are crucial in precision agriculture, 
contributing to essential farming tasks like data 
collection, pesticide spraying, and crop monitoring 
through remote sensing technology. These drones have 
expanded beyond military roles, playing a significant 
part in environmental missions, wildlife tracking, and 
disaster investigations. The research highlights their 
diverse applications, including wildlife monitoring and 
environmental protection, showcasing their potential in 
smart agriculture for tasks such as crop management and 
disease detection. It also emphasizes ongoing work 
developing a sophisticated Decision Support System to 
manage crop monitoring and spraying processes, 
utilizing innovative technology to optimize crop health 
and management. 

 

4.3. Inspection, survey and mapping 
 
Numerous researchers have utilized images for 

managing critical scenarios through UAVs [106, 138], 
effectively implementing monitoring and surveillance 
across various fields like disaster management [139]. 
The elevated perspective provided by UAVs enhances the 
perception of the area, enabling the efficient use of UAV 
photogrammetry technology for recognizing surface 
deformations, critical in estimating the timing of a 
disaster event [140]. These drones serve as valuable 
instruments for data collection in a range of applications 
such as surveillance, inspections, mapping, and 3D 
modeling [141-144, 229]. The aerial vehicles are 
considered cost-effective in comparison to traditional 
manned aerial photography, offering various 
functionalities, including photogrammetric data 
acquisition using diverse camera types, generating 
contours, 3D surfaces, and vector information for large 
areas. The primary specifications required for mapping 
with drones, as identified by Nex and Remondino [145], 
involve adequate payload capacity, wind resistance, 
autonomous flight, endurance, and portability. Mapping 
is extensively applied across various domains like 
archeology, agriculture, forestry, architecture, and 
environmental sectors, with these essential criteria being 
commonly shared for inspection and survey missions, 
showcasing the adaptability of drones designed for 
mapping purposes to perform inspections and surveys as 
well.  

The multitude of drones used for a wide array of 
missions is extensive. Some commercial Unmanned 
Aerial Systems (UASs) are configured as fixed-wing 
platforms, such as the hand-launched flying wing UAS, 
SKYCRUISER A22, developed by South Group for 
surveying and mapping missions with an hour of 
endurance and an 80 km flight range [146]. Similarly, the 
Supercam S100 from Unmanned System Group is 
designed for aerial surveillance in varied weather 
conditions [147]. In the agriculture realm, the eBee by 
SenseFly Company operates at a high operational 
altitude compared to small multirotors, enabling an 
endurance of about an hour and flying at 400 ft above 
ground level [147]. These UASs are adapted for precision 
agriculture tasks. The development of solar-powered 
UASs like CIES by UAV Instruments Spain and Masterfly 
by EasyMapUAV are other instances utilizing different 
configurations for photogrammetry and reconnaissance 
missions [148, 149].  

Various classes of UASs are designed for mapping, 
inspection, and survey missions. The fixed-wing UASs, 
such as the SLA-1 by Satlab, typical fixed-wing UAS by 
Topcon Company, and the drone by Aeromao, are 
tailored for mapping, surveying, photogrammetry, and 
other missions [150-152]. Lighter-than-air UASs like the 
Skyshot Helikite and Halo are used for photogrammetry 
and unmanned photography, with the former resisting 
wind gusts of up to 35 mph [153, 154]. Additionally, 
multirotors play a significant role, with models 
developed by different companies like Satlab, Italdrone, 
Ascending Technologies, ECA Group, Applied Airborne, 
and MetaVista Inc., showcasing various applications in 
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photogrammetry, filming, inspection, and aerial imaging 
[150, 155-159, 226, 227].  

In the construction industry, UAVs have proven to 
be highly efficient tools for as-built mapping, site 
monitoring, and infrastructure inspection. These drones 
aid in project planning through aerial mapping and are 
essential in the construction process, monitoring 
workflow and inspecting buildings for maintenance, 
faults, and unforeseen failures. Utilizing distributed 
sensors to collect data and combining it with 
comprehensive geographical information, UAVs play a 
pivotal role in providing accurate and detailed data to 
construction investors and stakeholders [14, 111]. 

 
4.4. Marine and underwater 

 
Amphibious and waterproof drones, engineered for 

water and underwater missions, serve a variety of 
purposes, from marine life study to oil spill detection in 
both military and civilian sectors (Figure 11). Typically 
designed with VTOL configurations due to limited space 
for horizontal take-off and landing, these drones are 
launched from boats, submarines, ground, or beaches. 
Yang et al. [160] provide a comprehensive overview of 
these aquatic-aerial amphibious drones, while Guo et al. 
[161] conducted a similar review on amphibious robots. 
These versatile drones are utilized for air and water 
surface operations, including tasks like enemy status 
reconnaissance, marine environment monitoring, and 
surveillance. Companies like UVS [162] and DRS 
Technologies [163] have developed fixed-wing 
amphibious drones with various designs, including 
models powered by solar energy. Furthermore, both 
fixed-wing and multi-rotor drones are employed for 
underwater and water surface operations. Due to the 
absence of runways on marine vehicles like submarines 
and boats, most drones are vertically launched in these 
settings. The introduction of underwater drone launches 
by U.S researchers in 2005 marked a significant 
advancement.  

A waterproof drone, designed for both launching 
from and returning to aquatic surfaces, facilitated a 
detailed assessment of the extent of an oil spill, enabling 
more effective coordination of the response team. The 
UAV, equipped with standard and thermal cameras, 
proved efficient for continuous operation, even during 
nighttime, sustained by a continuous power connection 
from a support vessel via a tethered power line [164]. To 
enhance the efficacy of offshore patrol operations, patrol 
vessels might employ waterproof drones, either rotary-
wing or fixed-wing with floats, to detect and document 
unauthorized fishing activities within marine protected 
areas [165].  

Tauro et al. [170] and others have explored the 
advantages of employing drones for hydrological studies 
and marine monitoring, highlighting their utility in 
analyzing surface flow and assessing hard-to-reach 
aquatic environments. Waterproof drones, including 
both surface-operating drones and underwater drones, 
play a pivotal role in environmental research. Surface 
drones focus on tasks like water quality assessment and 
marine ecosystem monitoring, including coral reefs and 

aquaculture. Meanwhile, underwater drones, 
categorized into remotely operated vehicles and 
autonomous underwater vehicles, facilitate in-depth 
studies of marine life and the exploration of 
underexplored underwater regions. These drones have 
contributed significantly to marine biology by enabling 
automated fish identification, as noted by Meng et al. 
[171]. Furthermore, Spears et al. [172] demonstrate their 
application in polar under-ice exploration, showcasing 
the broad capabilities of waterproof UAVs in augmenting 
our understanding of aquatic environments. 

Several Researchers like Weisler et al. [173] and 
Esakki et al. [174] have crafted different forms of drones 
suitable for water and underwater tasks. Inspired by 
nature, bio-mimetic drones imitating flying fish have 
been designed by Gao and Tachet [175] and Cherney 
[176]. These flapping-wing drones, capable of swimming 
underwater and gliding in the air, present potential 
applications in ocean exploration, mapping, surveillance, 
and forecasting. Yet, efficiency differences between air 
and water propulsion systems pose challenges, as the 
high RPM propellers in multirotors are less efficient in 
water due to its differing density. Adaptations for 
underwater use are essential for achieving maximum 
efficiency [160]. 
 

 

Figure 11. (a) Floating waterproof drone [166], (b) 
Underwater drone [167], (c) BIKI: First bionic wireless 
underwater fish drone [168], (d) PowerVision's 
underwater drone [169] 

 
4.5. Military  

 
In military surveillance, UAVs are integrated into 

the defense plans of various countries. They play a 
significant role in tasks like enemy detection, anti-
poaching efforts, border control, and monitoring critical 
sea lanes. UAVs offer a cost-effective, reliable, and 
versatile solution for aerial surveillance, swiftly 
detecting threats and monitoring restricted areas with 
minimal manual intervention [111]. The historical 
lineage of drone technology traces back to its 
deployment in warfare during World War I and II. 
Evolving from its initial use, drones have become 
essential assets in modern Western warfare. Drones 
reduce costs and minimize risks to personnel, 
particularly in surveillance and targeted killings, 
providing a safer alternative to deploying personnel in 
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hazardous situations [2, 177]. However, the application 
of drones in lethal surveillance and targeted killings 
raises complex ethical and legal considerations, 
questioning accountability, transparency, and adherence 
to international laws of armed conflict. Although drones 
offer advantages, their usage for these purposes 
demands careful ethical and legal considerations for 
appropriate and accountable military operations [178].  

UAVs serve various military purposes, such as 
deploying munitions, facilitating communication, 
conducting surveillance, and carrying out medical 
activities. Fixed-wing drones are the primary choice for 
most military operations, especially in combat and 
operational assignments. They differ in wing design, tail, 
and propulsion systems, and some incorporate morphing 
wing and flying wing configurations [118]. 

Multi-rotor drones, particularly quadrotors, have 
seen increased use in imaging and operational missions. 
Some have been armed with light and heavy weapons for 
military purposes, illustrated in Figure 12 [118]. 
Additionally, balloons function as popular VTOL UASs, 
providing Intelligence, Surveillance, and Reconnaissance 
(ISR) functionalities at considerable altitudes. They 
assist in border security and strategic asset surveillance 
using various sensors and cameras [179]. Various hybrid 
configurations, like tail-sitter and dual systems, have also 
been employed by the military, as seen in Figure 13. 
Helicopters are also widely utilized in military 
applications, employing their VTOL capabilities for tasks 
like imaging, communication, border control, and 
military support, among others [180]. 

 

 

 
Figure 12. Views of different fixed-wing military 
drones, (a) V-tail, (b) T-tail, (c) delta wing, and (d) twin 
tail boom; armed military quadrotors (e) Duke Robotics 
military quadrotor, (f) Turkey's armed quadrotor; Views 
of hybrid military drones (g) dual system hybrid drone 
ALTI, (h) dual system military UAS Bat-2 [118] 

Military missions encompass diverse 
requirements, making it challenging to outline specific 
UAS specifications without a comprehensive mission 
analysis. However, it's evident that nearly all UAVs 
configurations, including bio-based drones, have 
potential for use in military operations. For example, the 
Defense Science and Technology Laboratory (DSTL) in 
the United Kingdom supported a spying drone inspired 
by dragonflies for covert operations [181]. 

 
4.6. Space drones 

 
Drones are proving their usefulness in unique 

environments, such as space and planetary exploration, 
notably on planets like Mars. With their distinct 
advantages over other robotic technologies, there's a 
growing trend to design and construct drones capable of 
flying and executing missions in space environments. 
Notably, NASA has undertaken the development of 
drones for planetary exploration [182, 183]. Utilizing 
UAVs for planetary exploration offers advantages, 
allowing them to map larger areas with greater precision 
than current orbiters and rovers. However, it is essential 
to emphasize that the design and construction of UAVs 
for space should be tailored to the specific environmental 
conditions of the targeted planet [14]. 

Various types of drones have been specifically 
engineered and manufactured for these space missions 
and planetary explorations [184]. Some examples of 
these space drones are depicted in Figure 13 [185]. 
Notably, the creation and development of space-oriented 
drones are reliant on the specific environmental 
conditions of the target celestial body. For instance, 
considering the gravitational conditions on Mars, the 
weight of drones differs significantly from their weights 
on Earth, decreasing by 61.5% [186].  

NASA's Dragonfly mission sets a bold path to 
Saturn's enigmatic moon, Titan, aiming to unravel the 
mysteries of prebiotic chemistry and the origins of life. 
Scheduled to launch in 2026 and expected to reach its 
destination in 2034, the Dragonfly mission embarks on a 
groundbreaking journey as the first mission to deploy a 
multi-rotor vehicle for scientific exploration on another 
planetary body. This rotorcraft, equipped with eight 
rotors, will exploit Titan's dense atmosphere to transport 
its full scientific payload across various locations, 
offering a new paradigm in planetary exploration. The 
mission seeks to explore Titan's diverse environments, 
from organic dunes to ancient impact craters, where 
conditions analogous to early Earth may shed light on 
biological precursors. Utilizing over a decade of data 
from the Cassini mission, Dragonfly will commence its 
journey in the "Shangri-La" dune fields, progressing to 
the Selk impact crater, a site believed to have harbored 
water, organics, and life-sustaining energy. This venture 
into Titan's nitrogen-rich atmosphere and complex 
organic landscape not only promises to enrich our 
understanding of life's potential across the universe but 
also cements NASA’s legacy of pioneering exploration 
through the New Frontiers program [187, 188]. 

 

https://www.sciencedirect.com/topics/engineering/delta-wing
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Figure 13. (a-c) Application of drones in space; 
multirotors drones, (d) NASA's Dragonfly for Titan 
exploration [189], (e) NASA's coaxial mono-rotor drone 
for Mars explorations [187], and (f) tri-rotor drone 
designed by Young et al. [190] 
 

Researchers have proposed various drone designs 
and concepts for space exploration. NASA, for instance, is 
developing a quadrotor co-axial drone for Titan 
exploration scheduled for launch in 2026 to survey Titan 
for life signs [188]. They've also crafted a co-axial mono-
rotor drone for Mars exploration, set to demonstrate the 
feasibility of heavier-than-air vehicles on Mars, launched 
in July 2020 [191]. Different designs cater to various 
missions. Landis et al. [192] suggested fixed-wing drone 
designs for Venus exploration [193]. Similar exploration 
concepts have been put forward for Venus by Xiongfeng 
[194] and other flying-wing concepts by NASA for Mars 
[195]. Pellerito et al. [196] designed a fixed-wing UAV for 
Titan exploration. Multirotor concepts are proposed for 
planetary exploration. Pergola and Cipoll [197] 
developed a hexarotor for Mars exploration, while Young 
et al. [190] suggested a tri-rotor UAS for Venus 
exploration, as illustrated in Figure 14 (f). Hybrid 
configurations are gaining popularity in space missions. 
The tilt-rotor drone with a combination of a fixed-wing 
configuration for Martian exploration designed by 
Collins [198], and Aguirre et al. [199] proposed a dual 
system hybrid drone for Mars exploration. A unique 
concept in planetary exploration involves the hybrid 
balloon-drone model, offering a solution to the 
limitations faced by drones. For static or slow-motion 
applications, balloon-type drones are suggested as they 
require less power and offer longer flight times and 
greater flexibility [200]. Various versions of balloon 
drones are presented by NASA [201] and Global 
Aerospace [202] for near-space missions and planetary 
explorations. 

Some researchers have explored flapping-wing 
drones suitable. Zegers et al. [203] and a research group 
from Mountain Lake Labs (MLABs) [204] developed 
flapping wing aerobots suited for the Martian 
atmosphere. Numerous similar concepts regarding 
flapping-wing drones for space missions are reviewed by 
Hassanalian et al. [200]. The design of space drones is 
influenced by the target solar body. For instance, Venus-
based drones differ in flight and performance from 
Martian-based drones due to atmospheric differences. 
The Martian atmosphere, much thinner than Earth's, 
influences various design factors, such as the range of 
Reynolds numbers. On Mars, the Reynolds numbers of 
drones are notably lower than those on Earth, 
necessitating larger propellers to generate sufficient 
thrust due to the lower atmospheric density. 

Designing aircraft for space conditions involves 
unique challenges and considerations, distinct from 
terrestrial aircraft design, due to the absence of 
atmospheric air and the presence of microgravity. Such 
designs are often referred to as spacecraft rather than 
aircraft and require innovative engineering approaches. 
For propulsion without air, spacecraft rely on rocket 
engines or ion thrusters, utilizing Newton's third law of 
motion for movement. Materials must withstand extreme 
temperature variations, radiation, and the vacuum of 
space, leading to the use of specialized, highly durable 
materials like titanium alloys and carbon-fiber-
reinforced polymers. Thermal management systems are 
critical to protect sensitive instruments and maintain 
operational temperatures without atmospheric cooling. 
Solar panels are commonly used for power, capitalizing 
on the sun's energy. Guidance and navigation systems 
must be highly reliable, as traditional Earth-based 
navigation aids are unavailable. The design process often 
incorporates sophisticated computer simulations and 
testing in simulated space conditions to validate designs 
before launch. These principles are embodied in 
spacecraft developed by agencies such as NASA and the 
European Space Agency (ESA), with reference missions 
like the Mars Rovers and the Hubble Space Telescope, 
showcasing the application of these design strategies in 
successful space exploration missions [205, 206]. 

 
4.7. Mailing and delivery 

 
The global interest in drone delivery services has 

captivated numerous companies, including major 
players like Amazon, Google, and DHL [207-209]. These 
companies have utilized drones to deliver packages 
directly to customers, deploying designed drones for 
vertical takeoff and landing while ensuring accurate 
delivery to the customer's address. These delivery drone 
services are gaining momentum and represent a 
significant area of innovation in the industry. UAVs are 
proving their worth not only in commercial deliveries 
but also in emergency situations, serving to transport 
medical supplies [11]. For instance, the Federal Aviation 
Administration (FAA) conducted the first UAV-based 
medical delivery in 2015, using GPS for precise location-
based deliveries, ensuring packages reached the correct 
recipients [210]. This trend has seen increased adoption 
across various industries for swift and efficient 
deliveries. 

Fixed-wing UAVs are found to be suitable for mail 
and delivery services, with Zipline successfully 
employing these for distributing medical supplies during 
the COVID-19 pandemic [211]. Companies like Solent 
Transport have also developed fixed-wing UASs for 
delivering medical provisions, showcasing a significant 
payload capacity and range [212, 223, 228]. While fixed-
wing drones are utilized by certain companies for 
deliveries, others choose multirotor drones, especially 
those using the quadrotor configuration. Alibaba [213], 
and SF-Express [214], among others, leverage quadrotor 
drones for shipping and delivery services. Notably, a 
variety of multirotors, including octocopters and 
hexacopters, are employed by companies like FPS and 
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Flirtey for their delivery operations [215, 216]. Figure 14 
displays several delivery drones.  

Apart from fixed-wing and multirotor drones, 
helicopters have also been utilized for goods delivery. 
Drone Delivery Canada and Yamaha have developed 
unmanned helicopters with substantial cargo capacities 
and impressive operational ranges [218, 219]. Moreover, 
companies like Google and Wingcopter are exploring 
dual-system hybrid UASs for delivery purposes, offering 
unique configurations that enable vertical takeoff and 
landing, as well as prolonged flight endurance [220, 221]. 
These developments have been instrumental in 
delivering essential items such as insulin, vaccines, and 
COVID-19 test kits. DDC has also prototyped a dual-
system hybrid drone, combining quadrotor and fixed-
wing configurations to enhance payload capacity and 
delivery range [222]. 

An ongoing challenge in the realm of delivery 
drones is their limited flight endurance and cargo 
capacity, which substantially impacts costs. Companies 
exploring electrical-powered drones have to carefully 
balance battery usage to maximize flight endurance 
without compromising efficiency. 

 

 

Figure 14. Multirotors delivery drones; (a) Alibaba 
Tabao's quadrotor, (b) SF-Express's quadrotor, (c) 
DHL's coaxial quadrotor, (d) FPS's octocopter, and (e) 
Flirtey's hexacopter [118]; (f) and (g) UAV-based 
delivery [217] 
 

The utilization of drones across diverse fields, such 
as agriculture, disaster management, military operations, 
and environmental monitoring, illustrates their 
adaptability and the broad spectrum of their capabilities. 
Each of these domains benefits differently from drone 
technology, and their advantages and disadvantages are 
often defined by the specific requirements and 
challenges of the tasks at hand. In agriculture, drones 
enhance precision and efficiency through aerial 
surveillance, significantly improving crop monitoring 
and management. This allows for targeted applications of 
pesticides and fertilizers, and more efficient water usage, 
ultimately reducing the need for manual labor and 
decreasing the time and resources spent on crop 
management. However, the high initial costs for 
advanced drone systems may pose barriers for small-
scale farmers, and operating such sophisticated 

agricultural drones requires a certain level of technical 
proficiency and training. 

In the area of disaster management, drones offer 
rapid response capabilities and can quickly assess 
disaster-impacted areas, providing crucial real-time data 
for effective planning and response. They are particularly 
valuable in accessing areas that are unsafe or 
inaccessible for humans, such as during fires, floods, or 
earthquakes. Nevertheless, drones in disaster scenarios 
are limited by their endurance and payload capacity, 
which might restrict their use in transporting essential 
supplies. Their performance can also be strongly affected 
by adverse weather conditions, a common challenge 
during disasters. 

For military operations, drones provide enhanced 
surveillance capabilities crucial for modern warfare, 
gathering intelligence, and conducting reconnaissance 
without risking human lives. They offer operational 
flexibility and can be used in a variety of roles, from 
offensive operations to logistic support. However, 
despite these benefits, their exposure to electronic 
warfare, such as interference and unauthorized access, 
can diminish their efficacy. Additionally, the use of 
drones in warfare raises significant ethical and legal 
questions, especially regarding issues of independence 
and responsibility. 

Environmental monitoring benefits extensively 
from the ability of drones to collect comprehensive data 
over large and often inaccessible areas like forests, 
oceans, and wildlife habitats, with minimal 
environmental impact. This capability allows for 
sensitive ecosystem monitoring without significant 
disturbance. However, limitations in battery life restrict 
the time drones can operate in the field, potentially 
missing critical data collection opportunities. 
Furthermore, the vast amounts of data collected require 
substantial processing and analysis capabilities, 
presenting a significant challenge. 

By comparing these areas, it becomes clear that 
while drones offer significant advantages in terms of 
operational efficiency, flexibility, and cost-effectiveness, 
they also present challenges such as technical 
requirements, susceptibility to environmental factors, 
and ethical concerns. Future advancements in drone 
technology should aim to address these limitations while 
enhancing their positive impacts across various fields. 
This balanced examination not only enriches the 
academic discourse on drone applications but also guides 
future technological enhancements and policy 
formulations.  

The review of drone applications highlighted in the 
current study provides a broad overview of how these 
technologies are employed across various sectors, from 
agriculture and disaster management to military and 
entertainment. The literature collectively highlights the 
utility of drones in enhancing operational efficiency and 
providing access to difficult-to-reach areas. A prominent 
feature among studies is the significant focus on the 
application of drones in surveillance and data collection, 
driven by their ability to operate under diverse and 
challenging conditions. Nevertheless, the literature 
reveals a notable gap in comprehensive risk assessments 

(f) (g) 



International Journal of Engineering and Geosciences, 2024, 9(3), 418-442 
 

434 
 

concerning privacy concerns and ethical implications, 
particularly in surveillance applications. The analysis 
further draws attention to the limited discussion on the 
environmental impact of widespread drone usage, which 
presents a crucial area for future research. Inferences 
from these observations suggest that future studies 
should not only explore new applications but also 
address the broader socio-ethical and environmental 
implications of drone technology to ensure responsible 
and sustainable advancements. 

 
5. Concluding remarks and future outlook 

 
In conclusion, the world of drones has expanded 

significantly, featuring a diverse range of designs and 
configurations tailored for various applications. From 
military utilization, which incorporates fixed-wing, 
multi-rotor, hybrid, and even flapping-wing designs, to 
their remarkable potential in space exploration, drones 
have proven their versatility across different industries 
and operational environments. These unmanned aerial 
vehicles have become instrumental in military 
surveillance, targeted operations, and exploration, 
offering unique advantages such as reduced risks to 
personnel and cost-efficiency. 

Drone technology has evolved markedly over the 
years, transitioning from its initial deployment in World 
War I and II to its present role in modern Western 
warfare. Various designs, such as fixed-wing and multi-
rotor configurations, have found applications in military 
missions, demonstrating their adaptability to 
operational and combat assignments. The deployment of 
different drone types, from fixed-wing drones to 
helicopters and hybrid configurations, emphasizes the 
versatility and adaptability of these aerial vehicles in 
addressing specific operational needs. 

In the context of planetary exploration, drones have 
become indispensable tools. Companies and space 
agencies like NASA have been actively involved in 
developing drones intended for exploration on Mars, 
Venus, and other celestial bodies. These developments 
range from fixed-wing and multi-rotor configurations to 
unique hybrid and flapping-wing designs, each tailored 
to suit the atmospheric conditions and exploration needs 
of the respective celestial body. 

Moreover, drone delivery services have seen a 
surge in interest and development from various global 
companies. The deployment of fixed-wing, multi-rotor, 
and hybrid drones by entities such as Zipline, DHL, 
Google, Amazon, and numerous others showcases the 
widespread use of drones for efficient and rapid delivery 
of goods, including medical supplies, during 
emergencies. 

The challenge lies in enhancing the flight 
endurance and cargo capacity of these delivery drones to 
optimize their performance and reduce costs. Solutions 
such as optimizing battery use in electric-powered 
drones have been critical in overcoming these 
limitations. Despite these challenges, the continual 
innovation and diverse applications of drones 
demonstrate their promising future in addressing 
multifaceted needs across military, space exploration, 

and delivery services, offering efficient and 
groundbreaking solutions. 

Considering the extensive exploration of drone 
classifications and applications, it becomes evident that 
future research should shift towards enhancing drone 
autonomy, fostering integration with cutting-edge 
technologies, and conducting comprehensive 
environmental impact assessments. An imperative area 
for future investigation is the advancement of 
autonomous drone navigation systems through the 
utilization of artificial intelligence (AI) and machine 
learning (ML) algorithms. This research could focus on 
augmenting the capabilities of drones to independently 
navigate complicated environments, adapt to developing 
conditions, and make real-time decisions without human 
oversight. Investigating the capabilities of drones for 
navigating challenges, planning flight paths, and 
adjusting mission strategies due to changes in the 
environment or situation stands to greatly enhance 
sectors, including search and rescue missions, 
agricultural oversight, and environmental monitoring. 
By focusing on these advanced navigational and decision-
making processes, the efficiency, precision, and 
functional capabilities of drones can be significantly 
improved across a variety of conditions.  

Furthermore, the incorporation of drones with 
developing technologies like blockchain for secure data 
communication, the Internet of Things (IoT) for 
enhanced data collection and connectivity, and 
augmented reality (AR) for superior operational control 
and visualization presents promising directions for 
scholarly inquiry. These integrations could pave the way 
for novel applications and operational frameworks, such 
as secure and transparent logistic networks in drone 
delivery services, real-time environmental monitoring 
ecosystems, and sophisticated command and control 
systems for coordinated multi-drone operations. 
Furthermore, researching the environmental 
consequences of drone operations, including their 
contributions to carbon emissions, noise pollution, and 
effects on wildlife, is crucial for ensuring the sustainable 
development of this technology. This line of research 
should endeavor to develop environmentally friendly 
drone technologies and methodologies, including the 
adoption of renewable energy sources, biodegradable 
materials, and navigation systems considerate of wildlife. 
These proposed research paths not only promise to 
broaden the scope and applicability of drones but also 
ensure their responsible and sustainable integration into 
social frameworks. 
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