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f Abstract: This comprehensive review explores the applications and adaptability of quadcopters, also known as —|

Ill drones, in various industries. Quadcopters have garnered substantial attention and utilization owing to their ||
| adaptability and capacity to maneuver challenging surroundings. This analysis explores the various applications |f|
| of quadcopters, encompassing aerial photography, surveillance, delivery services, agriculture, and disaster |f|
| response, among others. In addition, the study examines the quadcopters' adaptability, namely their resilience to |f|

climatic conditions, maneuvering capabilities, and customization using PID (proportional integral derivative) [f|
control. This review offers useful insights into the potential applications of quadcopters in several sectors and |f|

emphasizes the significance of adaptation for their effective implementation, based on a thorough analysis of {
current research and case studies. The findings emphasize the necessity for ongoing investigation and [f|
improvement to augment the functionalities and broaden the uses of quadcopters, ultimately stimulating |||
progress in the domain of unmanned aerial vehicles. Particularly when considering civilian applications.
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1. INTRODUCTION

Quadcopters, commonly referred to as quadrotors or quadrotor helicopters, have garnered substantial
interest in recent years owing to their versatility and extensive array of uses. Four rotors, positioned in a "+" or
"X" configuration, enable the unmanned aerial vehicles (UAVSs) to achieve steady flight and maneuver easily .
Quadcopters possess a wide range of applications, encompassing aerial photography, surveillance, search and
rescue missions, package delivery, and even leisure activities like drone racing [1].This extensive analysis seeks
to examine the versatility and uses of quadcopters, emphasizing their possible advantages and constraints.
Quadcopters offer numerous advantages and potential uses, but they also present certain constraints and
obstacles that need to be tackled. The duration of battery life and flight time pose significant constraints, as most
consumer quadcopters typically offer flight lengths ranging from 15 to 30 minutes. This constraint restricts the
range and length of operations, especially in applications like search and rescue or package delivery, where
longer flight durations are crucial [2].Another constraint is the payload capacity, as the inclusion of
supplementary apparatus, such as cameras or sensors, can substantially diminish both the duration of flight and
the ability to maneuver. Moreover, it is imperative to thoroughly evaluate safety concerns, privacy issues, and
legal frameworks pertaining to the utilization of quadcopters in order to guarantee responsible and ethical
application of this technology.

2. CLASSIFICATION OF UAV
UAVs, also known as Unmanned Aerial Vehicles, can be categorized according to several criteria. One
common classification system classifies drones based on their size, range, and capabilities. UAVs can also be
categorized according to their operational capabilities. Fig. 1 depicts the categorization of Unmanned Aerial
Vehicles (UAVs) based on operational capabilities.
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Figure 1 Classification of UAVs.

2.1 Fixed-Wing Drones

These kinds of planes utilize wings that generate lift through airflow. The ScanEagle and Global Hawk
are notable instances used for surveillance purposes. Fixed-wing drones have the capability to accomplish
extended periods of operation beyond 24 hours, but they necessitate a runway or catapult launch. Attaining
precise control can be difficult since it depends on the manipulation of aerodynamic surfaces [3].

2.2 Rotary-Wind Drones

Frequently referred to as quadcopters when they have four rotors, these aircraft utilize electrically-
powered rotors or blades to produce both vertical thrust and horizontal propulsion. The most widely recognized
models consist of quadcopters, such as the DJI Phantom and Mavic series, which are employed for surveillance,
videography, and photography. In addition to multidirectional agility, their primary benefit is vertical takeoff
and landing [4].

2.3 Flapping-Wing Drones

These experimental platforms are inspired by bird flight and utilize oscillating wings that move in an up-
and-down motion to generate lift. The designs are currently in the development phase, with the goal of attaining
bird-like mobility while minimizing noise levels. The challenges encompass intricate wing articulation systems
and power demands [5],[6].

2.4 Hybrid Drones

Hybrid designs integrate both rotary and fixed-wing characteristics, allowing them to alternate between
vertical take-off and landing using rotors and horizontal flight resembling that of an aircraft using wings. This
allows for greater endurance compared to multicopter, while also providing better control than fixed-wing
aircraft alone. The Cybird and Flying Fish are currently being utilized in certain delivery trials [7],[8].

3. MAIN QUADCOPTERS APPLICATIONS
Quadcopters, often known as UAVs (Unmanned Aerial Vehicles), have become increasingly popular due
to their versatility in various applications. Each rotor of these devices is driven by an individual engine, enabling
them to achieve vertical take-off and landing capabilities as well as dependable flight control. Quadcopters find
wide applications in several fields, including aerial photography, surveillance, search and rescue operations, and
recreational activities. There are currently multiple types of quadcopters available in the industry, each designed
to meet unique needs and criteria. The dominant types include:

3.1 Photography and Videography

Quadcopters are widely used in the domains of photography and video production. Quadcopters have
become indispensable for photographers and filmmakers due to their capacity to capture breathtaking aerial
pictures [9]. Previously limited to costly equipment such as helicopters or cranes, quadcopters offer a distinct
viewpoint, enabling the capture of breathtaking landscapes, event documentation, and dramatic scenarios.

www.ijlera.com 2024 IJLERA — All Right Reserved 84 | Page



International Journal of Latest Engineering Research and Applications (IJLERA) ISSN: 2455-7137

Volume — 09, Issue — 02, February 2024, PP — 83-92

Quadcopters, equipped with high-resolution cameras and stabilizers, enable photographers and videographers to
shoot footage that is both smooth and professional in appearance [10].The capacity to go through various
altitudes and orientations offers boundless artistic opportunities, enabling experts to demonstrate their ingenuity
and seize images that were previously unattainable. Quadcopters have become an essential instrument for
professionals in the visual arts business, serving a wide range of purposes, from wedding photography to real
estate filming.

3.2 Agriculture and Crop Monitoring

The agricultural sector widely utilizes quadcopters. Quadcopters have transformed crop monitoring and
management by enabling aerial surveillance of expansive areas and capturing detailed, high-resolution
photographs [11]. Quadcopters equipped with specific sensors and cameras enable farmers to collect crucial data
on crop health, irrigation requirements, and pest infestations [12]. Aerial surveys offer farmers up-to-the-minute
information, enabling them to make decisions based on data and enhance their farming techniques. Through
early identification of problem regions, farmers can implement preventive measures and mitigate crop losses.
Quadcopters facilitate the effective utilization of resources like water and fertilizers, leading to cost reductions
and environmental sustainability .

3.3 Surveillance and Security

Quadcopters have become an indispensable asset in the domains of surveillance and security.
Quadcopters have the capacity to fly noiselessly and navigate through narrow regions, making them suitable for
conducting surveillance in locations that are challenging for humans to reach [13]. Quadcopters offer a cost-
effective and efficient alternative for tasks such as monitoring public events, securing key infrastructure, and
supporting law enforcement organizations [14]. Quadcopters, equipped with advanced features such as high-
resolution cameras, infrared imaging, and facial recognition technology, are capable of capturing crucial
evidence and aiding in crime prevention [15]. They possess the capability to rapidly traverse vast expanses,
delivering live video streams to security personnel. Quadcopters have the capability to rapidly traverse vast
expanses, delivering live video streams to security personnel, aiding in the detection of individuals who are
unaccounted for or in evaluating areas affected by disasters.

3.4 Delivery Services

The utilization of quadcopters for delivery services has garnered substantial attention in recent years.
Companies such as Amazon and Google have been conducting trials with drone delivery systems with the goal
of transforming the logistics sector [16]. Quadcopters have the capability to provide expedited and more
effective transportation of tiny parcels, particularly in regions with difficult topography or inadequate
infrastructure. Quadcopters can safely and independently navigate by utilizing GPS technology and obstacle
avoidance technologies, enabling them to deliver packages directly to consumers' doorsteps [17]. Quadcopters
not only decrease the duration of delivery but also reduce the environmental impact associated with
conventional delivery techniques [17].Despite the need to resolve regulatory hurdles and safety considerations,
quadcopters show promising prospects in the distribution sector.

3.5 Research and Exploration

Scientists and explorers also utilize quadcopters in their studies and expeditions. Due to their capacity to
reach distant and perilous locations, they are well-suited for gathering information in regions that would
otherwise be unattainable for humans [18]. Quadcopters provide researchers with a distinctive viewpoint and
significant insights, whether they are studying wildlife behavior, monitoring volcanic activity, or doing
environmental assessments. Quadcopters are equipped with sophisticated sensors and scientific instruments that
allow them to collect data on various environmental factors, such as air quality, temperature, humidity, and more
[19],[20]. The provided data can be utilized for the purposes of investigating climate change, evaluating
ecological consequences, and assisting in disaster management.

4. QUADCOPTER MAIN COMPONENTS
A quadcopter, or quadrotor, is an unmanned aerial vehicle (UAV) that is powered by four rotors. It is
widely favored by enthusiasts. It is a popular choice for hobbyists, aerial photographers, and various sectors.
The primary constituents of a quadcopter include
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4.1 Frame

A quadcopter's airframe typically has a configuration resembling either an "x" or a "+." The airframe
assigns each motor to an arm and a center area for flight control, receiving, and battery installation. In order to
get optimal flight characteristics and enhance accident resistance, it is imperative to possess an airframe that is
both lightweight and robust. Quadcopter architectures commonly utilize carbon fiber due to its lightweight
nature and durable characteristics. Carbon fiber's drawback as an antenna frame lies in its ability to obstruct
radio waves. To create a high-quality model, it is essential to consider the visual appearance and motion
characteristics of the quadcopter. The fuselage plays a significant role in that[4].

4.2 Flight Controller

There are multiple flight controllers to choose from, each having its own distinct benefits and drawbacks.
When selecting the optimal flight controller, it is crucial to consider the classification of your drone (UAV) and
the specific goals of your flight[21].

4.3 Electronic Speed Controller (ESC)

To make a brushless motor go, you need an ESC, or electronic control system. A device that uses three-
phase AC to control and power the motor is called an ESC. These circuit boards house a small 8-bit
microcontroller that is controlled by firmware. Quadcopters commonly utilize one-channel ESCs for each
motor. You can control all four motors with just one ESC because there are four channel packages. There are
two sources of input signals for the ESC: the flight controller and the motor. When controlling a motor's speed,
one must tweak the voltage supply to the motor. For the brushless DC motors to operate, the ESC must first
convert the pulse width modulation (PWM) data from the flight controller into an appropriate voltage. It
qualifies as both a controller and a sensor because of its ability to regulate the motor speeds and detect the back
EMF[4], [1].

4.4 Motors

The two most popular types of motors for quadcopters are brushless and brushed. The engines are very
important to the quadcopter plant model because they turn the propellers, which move the vehicle forward[22].
The only major parts that are different between the two types of motors are the electromagnet and the fixed
magnet. Brush-driven engines have permanent magnets around the electromagnet. Brushless engines have a
collection of electromagnets around the permanent magnet[23]. Magnets and poles attract and repel each other,
causing movement in both types of motors. When you use any of these motor types, there are pros and cons.
With brushed DC motors, you don't need electronic speed controls, but they break down more quickly.
Brushless motors are more reliable because they don't break down as quickly, but they do need an electric speed
controller[4].

4.5 Propeller

An integral aspect of the quadcopter's maneuverability is the propellers. To overcome the force of
gravity, the quadcopter can take off and land by spinning its propellers, which provide downward motion. A
quadcopter's propeller might have two blades or more, depending on the situation. A number of factors
influence propellers, including blade pitch, radius, chord, and material[24]. If you know the propeller's pitch and
diameter, you can figure out its thrust and power. By consulting dedicated tables, one can ascertain these
figures. Each pair of blades has a specific design that must be carefully considered in only one direction[25].

4.6 Battery

Batteries power all the components of a quadcopter, including the flight controller, electronic cruise
control, radio receiver, and engines[26]. Improving and increasing the battery capacity is a crucial idea for
making the quadcopter function better. The three most popular kinds of batteries are alkaline, lithium-polymer,
and lithium-ion. For many quadcopters, the battery is the heaviest component[27]. Fig.2 displays the main
elements of the F450 quadcopter.
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Figure 2. F450 quadcopter's major components [4]

5. METHODOLOGY
In order to clarify the basic ideas and determine the capabilities of various quadcopter combinations, this
comprehensive review was conducted in order to unify the results from a group of published research that shows
a set of advantages or differences through comparison in the basics of this field. Table 1 shows the comparisons
and features of different types of quadrotors used for different fields.

Table 1. Comparison of characteristics and capabilities of different types of quadcopters.

Quadcopter Type  Payloads Capacity Flight Time Typical Application References
DJI Mavic Mini Up to 249 grams Up to 30 minutes Aerial  photography  and = [28]-[30]
videography for recreational
purposes
DJI Phantom 4 Up to 1.3  Upto 30 minutes Areas of expertise include [31]-[34]
Pro Kilograms professional filmmaking and

cinematography
Surveying and mapping
Inspection and monitoring of

infrastructure.
DJI Matrice 300 Up to 2.7  Upto 55 minutes Surveillance and evaluation [35]-[37]
RTK Kilograms of industrial operations,

Public safety, and search and
rescue operations

Agricultural  practices that
emphasize accuracy and
meticulous observation of

crops
Autel Robotics = Up to 1.9 Up to 40 minutes Professional filming, | [35], [38],
Evo Il Kilograms cinematography, [39]

Infrastructure inspection
Search and rescue
Delivery Service
Yuneec Typhoon H = Up to 1.8 Upto 25 minutes Inspection and monitoring of = [40],[41]
Pro Kilograms infrastructure,
Aerial  photography, and
videography
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DJI F450 Up to 1.2 Upto 25 minutes Drone projects for  [42]-[44]

Kilograms educational purposes.
Aerial  photography  and
video.
DJl inspire 2 5-10 kg 20 to 25 minutes  Inspection , mapping, filming = [45],[39]

It is worth noting that cargo capacity, flight times, and typical applications are approximate and may vary
by configuration and usage. Fig.3 shows the different types of quadcopters used for different fields.

DJI Mavic DJI Phantom

Figure 3 Various types of quadcopters[39].

6. ADAPTABILITY OF QUADCOPTERS

Adaptability makes quadcopters more versatile and useful in various applications. Due to their vertical
takeoff and landing, quadcopters are more adaptable than other aerial platforms. Adaptability includes their
ability to fly and move in confined areas [1] Quadcopters can navigate complex situations like cities and tight
structures that have restrictions for fixed-wing aircraft. Quadcopters have the ability to perform infrastructure
inspection, crowd monitoring, and search and rescue. Quadcopters may also host a variety of payloads and
sensors, making them versatile. It's also had the capability to be fitted with high-resolution cameras for aerial
photography and video, as well as infrared imaging cameras for inspection and surveillance. This payload
flexibility lets quadcopters serve filmmaking, agriculture, infrastructure assessment, and more. Quadcopters
include autopilot and flying mode options in addition to their physical versatility [46]. They can complete pre-
defined tasks, follow flight courses, and perform sophisticated aerial maneuvers. Quadcopters can perform
better and adapt to missions using sophisticated flight control and navigation systems.

The quadcopter's adaptability is further improved with the implementation of PID (proportional
integral derivative) control, a fundamental control method utilized in aviation systems. PID control is essential
for maintaining stable flying and achieving precise maneuverability of the quadcopter [1]. PID control enables
the quadcopter to consistently regulate engine speeds by utilizing data from on-board sensors, including
gyroscopes and accelerometers. This ensures that the quadcopter remains in its intended position and can
effectively counteract any external disturbances [1]. The impact of PID control on adaptability is twofold

6.1 Stability and Control

PID control aids in the maintenance of stability for quadcopters under diverse flight circumstances. It
allows them to mitigate disruptions produced by wind, turbulence, or abrupt alterations in weight distribution
[1]. The stability of quadcopters allows them to adjust to various environmental circumstances and consistently
follow their designated flight trajectory[47],[48]. This capability is essential for tasks like aerial photography,

www.ijlera.com 2024 1JLERA — All Right Reserved 88 | Page



International Journal of Latest Engineering Research and Applications (IJLERA) ISSN: 2455-7137

Volume — 09, Issue — 02, February 2024, PP — 83-92

inspection, or delivery services.

6.2 Maneuverability and Agility

The PID control system enables the quadcopter to execute accurate and nimble maneuvers. PID control
enables the quadcopter to swiftly alter its direction, maintain a stationary position, or perform intricate flight
maneuvers by modifying motor speeds [49]. The ability to navigate is crucial in situations that necessitate
crossing narrow areas, evading barriers, or adhering to precise flight routes. By utilizing PID control, the
quadcopter is capable of adjusting to various mission specifications and performing intricate tasks with
precision and efficiency [50].

Furthermore, the quadcopter can enhance its versatility by modifying and personalizing PID parameters.
Modifications to PID gain may be necessary in order to enhance stability, responsiveness, and overall
performance, depending on the specific applications and flight conditions [51]. Operators can adjust the
quadcopter's control system to meet unique needs and achieve optimal flight performance for different missions
and circumstances. In general, the utilization of PID control in quadcopters has a significant impact on their
ability to adapt [52]. It guarantees consistent aerial navigation, accurate handling, and the capacity to adjust to
diverse environmental circumstances. Quadcopters provide adaptability to various flying conditions due to the
implementation of PID control, rendering them adaptable instruments suitable for a diverse array of
applications, including but not limited to aerial inspection, surveillance, and precision agriculture.Table 2
highlights the capabilities and adaptability of quadcopters, in addition to the characteristics that distinguish
them.

Table 2. Quadcopters' capability and distinguishing traits.
Key Features Adaptability

e Lightweight and portable design. Limited adaptability owing

eEasy-to-fly and user-friendly to minimal features and
control. functionality—used by

° Equ|pped with high_resomtion amateurs and enthusiasts
cameras for aerial photography and
video.

Limited flight range and battery life

e Robust construction and advanced
flight controls.

o Capable of carrying heavier
payloads, such as professional-
grade cameras and sensors.

e Longer flight range and longer

References
[53],[54]

Quadcopter Type
Hobbyist Quadcopter

High adaptability resulting
from customizable options
and cutting-edge features
can be combined with
additional equipment to suit
particular applications.

Professional Quadcopter [19], [55], [56]

battery life
Industrial Quadcopter e Durable construction for severe Highly  adaptable  and [57]-[59]
conditions coupled  with  specialist
« Designed for specific purposes, equipment to meet industry
including search and rescue, needs.
agriculture, and construction.
e Equipped with modern sensors and
imaging systems Increased flight
endurance and stability
Autonomous Quadcopter e Possessing advanced onboard Highly adaptive owing to [60]-[62]
systems capable of autonomous autonomy Programmable for
flight certain missions Machine
e Able to execute tasks without learning and Al integration
human intervention potential
e Employ sophisticated algorithms
and sensors to facilitate navigation
and avoid obstacles.
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7. CONCLUSION AND RECOMMENDATION

This extensive research concludes that quadcopters are versatile and applicable across industries.
Quadcopters are used in aerial photography, surveillance, transport, agriculture, and disaster response because of
their versatility. Their flexibility has increased due to quadcopters' capacity to navigate difficult locations, resist
bad weather, and be tailored using PID control. An exhaustive literature review shows that quadcopters can
revolutionize industries with efficient and cost-effective solutions. Quadcopters can provide high-resolution
aerial imagery, monitor rural areas, deliver supplies to hard-to-reach areas, and aid in crisis management.
Researchers and developers must integrate quadcopters into numerous areas. Quadcopters will become more
versatile as battery technology, obstacle avoidance systems, and autonomous navigation improve. This
assessment emphasizes the need for academia, industry, and regulatory authorities to collaborate on safety,
privacy, and regulatory frameworks. Users must use quadcopters ethically and responsibly to maximize their
benefits. Finally, quadcopters are a revolutionary technology with huge promise in many industries. Their agility
and versatility help solve complex problems and open new doors. Quadcopters can change unmanned aerial
vehicles and industries globally by investigating their applications, enhancing their capabilities, and addressing
regulatory issues
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