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Preface 

Vocational Education is a dynamic and evolving field, and ensuring that every student 

has access to quality learning materials is of paramount importance.  The journey of the 

PSS Central Institute of Vocational Education (PSSCIVE) toward producing 

comprehensive and inclusive study material is rigorous and time-consuming, requiring 

thorough research, expert consultation, and publication by the National Council of 

Educational Research and Training (NCERT). However, the absence of finalized study 

material should not impede the educational progress of our students. In response to 

this necessity, we present the draft study material, a provisional yet comprehensive 

guide, designed to bridge the gap between teaching and learning, until the official 

version of the study material is made available by the NCERT. The draft study material 

provides a structured and accessible set of materials for teachers and students to utilize 

in the interim period. The content is aligned with the prescribed curriculum to ensure 

that students remain on track with their learning objectives.  

The contents of the modules are curated to provide continuity in education and maintain 

the momentum of teaching-learning in vocational education. It encompasses essential 

concepts and skills aligned with the curriculum and educational standards. We extend 

our gratitude to the academicians, vocational educators, subject matter experts, 

industry experts, academic consultants, and all other people who contributed their 

expertise and insights to the creation of the draft study material.  

Teachers are encouraged to use the draft modules of the study material as a guide and 

supplement their teaching with additional resources and activities that cater to their 

students' unique learning styles and needs. Collaboration and feedback are vital; 

therefore, we welcome suggestions for improvement, especially by the teachers, in 

improving upon the content of the study material.  

This material is copyrighted and should not be printed without the permission of the 

NCERT-PSSCIVE.   

Deepak Paliwal 

Joint Director 

PSSCIVE, Bhopal 

Date:  3 March 2025  

 



` 

 

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL 

 

4 
 

Drone Operator- Multirotor - Grade XI  

STUDY MATERIAL DEVELOPMENT COMMITTEE 

 

 

 

Members 

 

● Bikram Jyoti, Scientist, ICAR-Central Institute of Agricultural Engineering,  

Nabi Bagh, Berasia Road, Bhopal, Madhya Pradesh, India.  

 

● Prerana Nashine, Assistant Professor (Contractual), Department of Curriculum 

Development and Evaluation Centre (CDEC) PSS Central Institute of Vocational 

Education (PSSCIVE), NCERT, Shyamla Hills, Bhopal – 462 002, Madhya 

Pradesh, India.  

 

● Satya Prakash Kumar, Scientist, ICAR-Central Institute of Agricultural 

Engineering, Nabi Bagh, Berasia Road, Bhopal, Madhya Pradesh, India. 

 

● Ramesh Sahani, Scientist, ICAR-Central Institute of Agricultural Engineering,  

Nabi Bagh, Berasia Road, Bhopal, Madhya Pradesh, India. 

 

● Yogesh Rajwade, Scientist, ICAR-Central Institute of Agricultural Engineering,  

Nabi Bagh, Berasia Road, Bhopal, Madhya Pradesh, India.  

 

 

Member-coordinator  

 

Vinay Swarup Mehrotra, Professor and Head, Curriculum Development and Evaluation 

Centre and Centre for International Relationship, PSSCIVE, Bhopal, Madhya Pradesh.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



` 

 

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL 

 

5 
 

Drone Operator- Multirotor - Grade XI  

 

 

Contents 

 

S.No.  Title  Page 

No.  

1.  Module 1: Introduction to Drones   1 

 Module Overview 1 

 Learning Outcomes  1 

 Module Structure 1 

 Session 1: Classification of Drones   2 

 Activities 6 

 Check Your Progress 8 

 Session 2: Basic Components of a Drone   9 

 Activities 13 

 Check Your Progress 15 

 Session 3: Drone Rule 2021 16 

 Activities 22 

 Check Your Progress     23 

2.  Module 2:  Multirotor Drone - Components and 

Applications 

25 

 Module Overview 25 

 Learning Outcomes  25 

 Module Structure 26 

 Session 1: Components of Multirotor Drone 26 

 Activities 29 

 Check Your Progress 30 

 Session 2: Assembling Multirotor Drone   31 

 Activities 33 

 Check Your Progress 36 

 Session 3: Applications of Multirotor Drone   38 

 Activities 40 

 Check Your Progress 41 

3.  Module 3: Payloads and Image Interpretation 43 

 Module Overview 43 

 Learning Outcomes  43 

 Module Structure 44 

 Session 1: Mounting of Payloads on Drone   44 

 Activities 49 

 Check Your Progress 50 

 Session 2: Drone Image and Video Analysis 51 

 Activities 55 

 Check Your Progress 56 



` 

 

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL 

 

6 
 

Drone Operator- Multirotor - Grade XI  

4.  Module 4: Aerodynamics and Configuration of Multirotor 

Drones 

59 

 Module Overview 59 

 Learning Outcomes  59 

 Module Structure 60 

 Session 1: Aerodynamic and Flight Principles In Drone 

Operation 

60 

 Activities 65 

 Check Your Progress 66 

 Session 2: Configuration of Multirotor Drone 68 

 Activities     69 

 Check Your Progress 70 

 Session 3: Procedures Adopted for Maintenance of 

Multirotor Drone 

71 

 Activities 76 

 Check Your Progress 77 

5. Module 5:  Flying Multirotor Drone on Simulator 80 

 Module Overview 80 

 Learning Outcomes  80 

 Module Structure 80 

 Session 1: Introduction to Flight Simulator Training 81 

 Activities 84 

 Check Your Progress 85 

 Session 2: Operation Of Drone On Flight Simulator 86 

 Activities 89 

 Check Your Progress 89 

6.  Answers Key 91 

7. Glossary 95 

 

 

 

 



 

Module 1 

 

Introduction to Drones 

 

 

 

Module Overview 

 

 

This module, explores three key areas: classification of drones, their basic 

components and Drone Rule 2021.  

 

The first session focuses on the classification of drones, where one will explore 

various types such as fixed-wing, multirotor, and hybrid drones, along with their 

specific applications.  

 

The second session focuses on the basic components of a drone, including the 

frame, motors, propellers, and flight controller, providing a technical understanding 

of how drones operate. 

 

The third session introduces the Drone Rule 2021, outlining key regulations, safety 

protocols, and compliance measures essential for operating drones legally and 

safely in various sectors. 
 

 

Learning Outcomes 
 

 

After completing this module, you will be able to:  

 

● Identify drones based on design, size, and functionality (e.g., fixed-wing, 

multirotor, and hybrid). 

● Describe the key components of a drone, including the frame, motors, 

propellers, battery, flight controller, and sensors. 

● Describe the main regulations outlined in Drone Rule 2021, including 

registration and certification requirements. 

● Explain the legal limitations on drone operation, such as no-fly zones, 

altitude restrictions, and privacy considerations. 

● Demonstrate safety and compliance measures required by Drone Rule 2021 

for lawful drone operations. 
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Module Structure 

 

Session 1: Classification of Drones   

 

Session 2: Basic Components of a Drone   

 

Session 3: Drone Rule 2021 

 

 

Session 1:  Classification of Drones 

 

 

Drones, also known as unmanned aerial vehicles (UAVs), have become integral to 

various sectors such as photography, agriculture, surveillance, and delivery 

services due to their versatility and advanced technology. Drone's basic 

components include the frame, propellers, motors, electronic speed controllers 

(ESCs), flight controller, battery, GPS module, camera, gimbal, and various sensors. 

The frame, serving as the drone's structural foundation, is typically made from 

materials like carbon fibre, plastic, or aluminium to balance weight and durability. 

It holds all other components and plays a crucial role in the drone's stability and 

performance. The Drone Rules 2021 introduced regulations for drone operation, 

including classification by weight, mandatory certification and licensing for 

operators, registration requirements, and the No-Permission-No-Take-off (NPNT) 

system to ensure safe and controlled drone usage. These rules also establish 

operational restrictions, mandatory insurance, and privacy and security measures, 

aiming to balance the benefits of drone technology with necessary safety and 

privacy considerations. 

 

To understand drones more clearly, let’s think about those videos with amazing 

views from high up. Ever wondered how they’re filmed? Many of them are shot 

using drones! Drones are flying robots that can be controlled remotely or 

programmed to fly on their own. They come in all sizes, from tiny ones that fit in 

your hand to large ones as big as airplanes. Drones have many uses, from filming 

beautiful scenes to delivering packages and surveying land. Now, let us dive deeper 

into how they work. 

 

Drones, often referred to as Unmanned Aerial Vehicles (UAVs) or Unmanned 

Aircraft Systems (UAS) or Remotely Piloted Aircraft System (RPAS), represent a 

category of aircraft that operates without an on-board human pilot. These aircraft 

are either remotely controlled by operators on the ground or autonomously pre-

programmed to execute a wide range of tasks and missions. 

Originally made for military and defence applications, drones have rapidly 

expanded their footprint into various industries due to their remarkable 
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adaptability and ability to access to hard-to-reach places and do tasks without 

risking people's lives. 

 

Drones have become indispensable tools in contemporary society, finding utility in 

areas such as aerial photography, agriculture, search and rescue, environmental 

monitoring, surveillance, event photography and even package delivery. Their 

capacity to capture high-quality images and videos, collect data, and undertake 

various functions has established them as invaluable assets across different 

sectors. 

 

Drones comes in many shapes and sizes, from compact consumer quadcopters to 

larger, sophisticated models tailored for scientific research or industrial operations. 

Their versatility and widespread availability continue to fuel innovation, ushering 

in new possibilities and shaping the future landscape of aviation and technology. 

 

________________________________________________________________________________ 

DID YOU KNOW? 

 
● The Montgolfier brothers from France in 1783 successfully launched a hot 

air balloon carrying a sheep.  

● The first time UAVs are recorded for military use was in 1849, when Austrian 

forces used unmanned balloons filled with explosives to attack Venice during 

the War of Austrian Succession.  

● The first powered UAV, the Hewitt-Sperry Automatic Airplane, was developed 

in the United States in 1916. 

● Abraham Karem invented the first modern drone in his garage in 1951.__ 

_____________________________________________________________________________ 

 

Historical Context and Evolution of Drones 

 

Drones were primarily linked to the military operations. Its origin can be traced 

back to the early 20th century when they emerged as an experimental aircraft. 

During First World War, the idea of unmanned flight began to gain traction with 

the use of rudimentary drones for target practice. The major breakthroughs came 

during the Second World War. A significant development was the creation of the 

radio-controlled aircraft called the "Radio plane OQ-2," invented by Reginald 

Denny. These drones were used as aerial targets and training tools, marking an 

important turning point in drone technology. 

 

The era of the Cold War witnessed further advancements, with drones playing a 

crucial role in inspection and surveillance. The development of jet-powered drones 

and their adaptation for inspection missions was pivotal during this period. Drones 

became more versatile and powerful as technology developed. They were used for 

electronic warfare and inspection in wars like the Vietnam War.  
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In the late 1900s and early 2000s, drones became more common in everyday life, 

not just for military use. People started using small drones, like quadcopters, for 

fun activities like taking pictures and videos. At the same time, drones were used 

for many activities like farming, keeping an eye on the environment, and helping 

out during emergencies (Figure 1.1). 

 

 

 

 

Drones are becoming a necessary component of many different businesses, such 

as precision agriculture, filmmaking, surveying, and the transportation of medical 

supplies. These unmanned aircraft have come a long way, as seen by their evolution 

from their original use as military target practice to becoming multipurpose 

equipment with applications in both the civilian and humanitarian domains. The 

potential uses of drones in both the public and private sectors are expected to grow 

as technology progresses. 

 

Classification of Drones: Drones can be categorized using several key criteria, 

providing a comprehensive framework for understanding their diversity and 

functionality. 

 

Drone categorisation: Drones can be classified by their propulsion systems, which 

significantly influence their flight characteristics and capabilities (Figure 1.2). 

Figure 1.1: Timeline of the military and civilian uses of drones. 
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Drones can be classified based on their design, weight, and power source. In terms 

of design, there are fixed-wing drones, which resemble traditional aircraft with 

stationary wings and are ideal for long-range missions like surveying and mapping. 

The classification of drone based on their design are as follows:  

 

i. Fixed-Wing Drones: It has a design similar to traditional aircraft, with 

stationary wings that generate lift through forward motion. These drones are 

best suited for long-range missions like surveying, mapping, and large-scale 

agricultural monitoring due to their extended flight times and ability to cover 

vast areas 

 

ii. Single Rotor Drones: It uses a large, single rotor for lift, much like a helicopter. 

They may also include a small tail rotor for stability and control. These drones 

are ideal for heavy-lifting tasks, long-endurance flights, and specialized 

applications like aerial photography, LiDAR scanning, and cargo delivery. 

  

iii. Multirotor Drones: Multirotor drones feature multiple rotors that provide lift 

and enable precise maneuverability. They are capable of hovering, taking off 

vertically, and maintaining stable flight in a wide range of conditions. 

 
iv. Tricopter: It has three rotors, offering a balance between stability and agility. 

They are often used in videography, light-load transport, and quick-response 

aerial missions due to their simplicity. 

 
v. Quadcopters: They are equipped with four rotors for stability and agility. They 

are popular in photography, videography, inspection, surveillance, and 

recreational flying. 

 

Figure 1.2: Categorisation of drones 
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vi. Hexacopters: It comes with six rotors, allowing for more lift and redundancy 

in case of motor failure. They are ideal for carrying heavier payloads such as 

advanced cameras, LiDAR systems, and other sensors used in mapping and 

industrial inspections. 

 
vii. Octocopters: These drones have eight rotors for enhanced stability, power, and 

redundancy. are often used for high-stakes operations like professional 

cinematography, search and rescue missions, and heavy-lift operations. 

 

viii. Hybrid Drones: They combine with fixed-wing and rotor-based technologies to 

create a versatile drone capable of both vertical take-off and long-range flight. 

These are used for various tasks like pipeline inspection, agricultural 

monitoring, and package delivery, where both long-range and vertical flight 

capabilities are required. 

 

Drones classification on the basis of weight: 

 

i. Nano drones: Weighing 250 grams or less, typically used for recreational flying 

and indoor surveillance. 

ii. Micro drones: Ranging from 250 g to 2 kg, used for short-range photography 

and industrial inspections. 

iii.Small drones: Weighing 2 kg to 25 kg, commonly deployed in agricultural and 

infrastructure applications. 

iv. Medium drones: Ranging from 25 kg to 150 kg, used for heavier industrial and 

research tasks. 

v. Large drones: Weighing over 150 kg, typically used in military and advanced 

scientific operations. 

 

Drones classification on the basis of Power Sources: 

 

i. Battery-powered drones: The most common type, used in consumer and 

commercial markets for tasks like aerial photography. 

ii. Fuel cell-powered drones: Offer longer flight durations, typically used in 

scientific research and heavy-duty operations. 

iii. Gasoline-powered drones: Equipped with internal combustion engines, ideal 

for long-endurance missions like border patrol. 

iv. Solar-powered drones: Use solar energy for extended flights, suitable for 

environmental monitoring in remote areas. 

v. Hybrid-powered drones: Combine multiple energy sources, such as batteries 

and gasoline, for enhanced versatility in diverse operations. 

 

In this session, comprehensive overview of different drone types is provided. Each 

type is explained in detail, helping to better understand its applications and 

capabilities across industries and sectors. 
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Activities 

 

 

Activity 1: Explore types of drones 

 

Materials Required: 

• Various drone models (e.g., quadcopters, hex copters, fixed-wing drones, 

hybrid drones) 

• Informational handouts or slides on drone features and applications 

• Safety equipment (e.g., gloves, protective eyewear) 

• Notepads and pens for group observations 

• Projector or screen for the introductory presentation 

 

Procedure: 

• Begin the activity by explaining the basics of drones and their significance 

in industries such as agriculture, delivery, and surveillance. Use visual aids 

to capture students' attention and provide context. 

• Provide detailed descriptions of the types of drones, focusing on their 

structures, features, and common applications. Highlight key differences 

between quadcopters, hexacopters, fixed-wing drones, and hybrid models to 

build foundational knowledge. 

• Divide students into groups and assign each group a different type of drone 

to study.  

• Let them observe, document, and analyse the features and operational 

capabilities of their assigned drone type.  

• Ensure that safety protocols are strictly followed throughout the hands-on 

exploration. 

• Bring the groups together for an open discussion where they share their 

observations and discuss the specific use and advantages of each type of 

drone. This part fosters collaboration and deeper insight into the practical 

applications of drone technology. 

• Summarize the key takeaways from the activity, highlighting the variety and 

applications of different drone types. Encourage further exploration of the 

field and invite questions to clarify concepts or inspire independent 

research. 

 

Activity 2: DIY Drone Building Workshop 

 

Materials Required: 

• Locally available materials (e.g., wood, thermocol, plastic, fibre) 

• Propellers 

• Motors 

• Batteries 
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• Screws and adhesive (e.g., glue gun) 

• Small tools (e.g., screwdrivers, wire cutters) 

• Safety gear (e.g., goggles, gloves) 

 

Procedure: 

 

• Highlight the principles of drone design and how different parts contribute 

to stability and performance. 

• Guide students to choose from the available materials for their drone 

structures and key components.  

• Demonstrate the initial steps in assembly and provide continuous support 

as they build their drones. Let them make adjustments to enhance balance 

and performance, ensuring safety protocols are followed during assembly. 

• Once the drones are assembled, let students present their creations to the 

group and explain in detail. Facilitate a discussion where they can share 

their challenges they faced while preparing and solutions they found. 

• Conclude the activity by summarizing the main lessons learned and 

motivating students to further explore drone technology, emphasizing 

adherence to safety during testing and future projects. 

 

 

 

Check Your Progress 

 

 

A. Multiple Choice questions 

 

1. Which type of drone is best suited for long-range missions such as surveying and 

mapping? 

a) Quadcopters 

b) Fixed-Wing Drones 

c) Tri-copters 

d) Octocopters 

 

2. Which component of a drone is responsible for controlling the speed of the 

motors? 

a) Flight Controller 

b) Propeller 

c) Electronic Speed Controller (ESC) 

d) GPS Module 

 

3. What is the main advantage of using hexacopters compared to quadcopters? 

a) Lower cost 

b) Longer flight times 
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c) More lift and redundancy in case of motor failure 

d) Faster take-off speed 

 

4. What is the main characteristic that distinguishes hybrid drones from other 

types? 

a) They use only solar power. 

b) They combine fixed-wing and rotor-based technologies. 

c) They have more than eight rotors. 

d) They are powered solely by gasoline. 

 

5. Which of the following drones would be most suitable for carrying heavy payloads 

such as LiDAR systems? 

a) Tricopters 

b) Quadcopters 

c) Hexacopters 

d) Nano drones 

 

6. In terms of weight classification, what category would a drone weighing 1.5 kg 

fall under? 

a) Nano Drone 

b) Large Drone 

c) Small Drone 

d) Medium Drone 

 

7. Which type of drone power source is ideal for environmental monitoring in remote 

areas due to extended flight duration? 

a) Battery-powered 

b) Gasoline-powered 

c) Solar-powered 

d) Hybrid-powered 

 

8. What is a common application of octocopters? 

a) Recreational flying 

b) Indoor surveillance 

c) Professional cinematography and search and rescue 

d) Short-range industrial inspections 

 

9. What is the primary purpose of a drone’s gimbal? 

a) To increase the drone’s speed 

b) To stabilize the camera for clear images and videos 

c) To enhance battery life 

d) To support the drone’s GPS module 

 

10. What system was introduced in the Drone Rules 2021 to ensure safe and 

controlled drone operation? 

a) Autonomous flying mode 
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b) No-Permission-No-Take-off (NPNT) 

c) Drone Identification System 

d) GPS Tracking 

 

 

Session 2: Basic Components of Drone 

 

 

In the previous session introduction and the classification of drones was done in 

detail. Now let us take an example of drone, imagine a drone as a bird. The frame 

of the drone is like the skeleton of the bird, (Figure1.3) giving it support and 

structure. 

 

• Motors are like wings, giving power to fly.  

• Propellers are like feathers on wings, converting power to thrust.  

• The battery is like food, giving energy.  

• The flight controller is the brain, guiding movements.  

• Sensors are like eyes and ears, giving info about surroundings.  

• The radio system is like communication, letting the pilot control the drone.  

Now consider these components from a technological standpoint.   

The fundamental elements of a drone, also known as an Unmanned Aerial Vehicle 

(UAV), may differ depending on the drone's type and intended use.  

 

 
 

 

However, the following components are typically found in most drones (Figure1.4): 

i. Frame: The frame acts as the structural foundation of the drone, providing 

Figure 1.3: Bird-shaped drone 
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support for other components. It varies in shape and materials, tailored to 

the drone's design and purpose. The frame is essential for maintaining the 

drone's shape and integrity during flight. Different designs cater to various 

applications, such as racing, photography, or agricultural use. 

 

ii. Propellers: These rotating blades generate lift and propulsion, enabling the 

drone to remain airborne and facilitating directional control. The number 

and configuration of propellers can vary, especially in multirotor drones. 

Propellers are crucial for flight, affecting speed, stability, and 

manoeuvrability. The design (e.g., size and pitch) can be optimized for 

different flying conditions and applications, such as aerial photography or 

surveillance. 

 

iii. Motors: Electric motors power the propellers and control the drone's lifting 

capacity and thrust. The number of motors corresponds to the number of 

propellers. Motors are vital for converting electrical energy into mechanical 

energy, enabling flight. The efficiency and power of motors directly influence 

flight duration and payload capacity. 

 
 

 

 

iv. Electronic Speed Controllers (ESCs): ESCs are responsible for regulating 

motor speed and direction, which is critical for maintaining stability and 

control during flight. ESCs adjust the throttle of each motor, allowing the 

drone to respond quickly to pilot commands and stabilize its flight. They are 

essential for precise control and manoeuvrability. 

 

Figure 1.4: Basic components of multi rotor drone 
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v. Flight Controller: The flight controller serves as the drone's central 

processing unit. Equipped with sensors like accelerometers, gyroscopes, and 

barometers, it monitors the drone's orientation, speed, and altitude. It 

processes data and adjusts motor speeds to ensure stable flight. The flight 

controller is responsible for executing the pilot’s commands and maintaining 

stable flight, especially in dynamic conditions. It supports various flight 

modes and autonomous functions. 

 

vi. Battery: Most drones are powered by rechargeable lithium-polymer or 

lithium-ion batteries. The flight duration is directly influenced by the 

battery's capacity. In certain cases, larger drones utilize alternative power 

sources such as gasoline engines. Batteries determine the operational time 

of the drone. Efficient battery management is essential for maximizing flight 

time and ensuring reliable performance in various applications. 

 

vii. Remote Controller/Transmitter: The remote controller or transmitter is 

the handheld device operated by the pilot to control the drone. It transmits 

commands for steering, speed and altitude to the drone. This device allows 

the operator to remotely control the drone, facilitating real-time adjustments 

to flight parameters, which is essential for effective operation in tasks such 

as aerial photography, surveying, and search-and-rescue missions. 

 

viii. Receiver: The receiver on the drone receives signals from the remote 

controller and forwards them to the flight controller. The flight controller 

interprets these commands, translating them into specific drone movements. 

The receiver ensures effective communication between the drone and the 

pilot, enabling accurate control and responsiveness during flight. 

 

ix. Camera or Payload: Many drones are equipped with cameras or sensors, 

tailored to their intended use. These sensors can capture images, videos, or 

other data. In certain cases, drones are designed to carry additional payloads 

such as sensors, cargo or scientific instruments. Cameras and sensors 

expand the drone's utility for various applications, including aerial 

photography, environmental monitoring, and agricultural assessments. 

 
x. Payload: Payload refers to the equipment or cargo a drone or aircraft carries, 

excluding the weight of the vehicle itself. It can include cameras, sensors, 

packages, or other tools for specific tasks. 

 

xi. Gimbal: A gimbal stabilizes the camera, reducing vibrations and ensuring 

smooth footage. During drone flight, it uses motors to counteract motions, 

allowing high-quality images and videos to be captured. Gimbals are critical 

for professional videography and photography, ensuring stable and high-

quality visuals regardless of drone movement. 

 

xi. GPS (Global Positioning System): GPS receivers enable the drone to 
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determine its precise location and altitude, essential for navigation, stability 

and mission planning. GPS is used for waypoint navigation, geofencing, and 

location tracking, making it essential for applications like surveying, 

mapping, and autonomous flights. 

 

xii. Telemetry System: A telemetry system provides real-time data about the 

drone's status, such as battery level, altitude and position, which is 

transmitted back to the pilot's remote controller or a ground station. 

Telemetry is important for monitoring the drone's performance during flight, 

ensuring safe operation and allowing for quick decision-making based on 

real-time data. 

 

xiii. Safety Features: Some advanced drones include safety enhancements like 

obstacle avoidance sensors, return-to-home functions, and geo fencing to 

strengthen safety and prevent accidents. Safety features enhance operational 

safety by preventing collisions and ensuring the drone can safely return to 

its launch point in case of signal loss or low battery. 

  

xiv. Landing Gear: Many drones are equipped with landing gear, which can be 

either fixed or retractable. Landing gear contributes to stability during take-

off and landing while safeguarding the drone's payload. Landing gear 

protects the drone and its payload from damage during landing and take-off, 

especially in rough or uneven terrains. 

 

xv. On-board Computer: More complex drones, especially those used in 

applications like mapping or surveying, may incorporate on-board 

computers. These systems process data and support autonomous flight. On-

board computers enable advanced functions such as real-time data 

processing, autonomous navigation, and enhanced data collection 

capabilities. 

 

The specific components and their complexity can vary significantly between 

different drone models and applications. Advanced drones may incorporate 

additional sensors, redundancy systems for safety, and specialized equipment 

designed for particular tasks. 

 

DID YOU KNOW? 
● Propellers are one of the most visible components of a drone, and they play 

a critical role in generating thrust. 

● Batteries are one of the most expensive components of a drone, but they are 

also essential for flight. 

● Lithium-ion polymer batteries are known for their high energy density, long 

lifespan, and lightweight. 
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Activities 

 

 

Activity 1: Drone Technology lab visit 

 

Materials Required: 

• Various drone components (e.g., frame, motors, propellers, flight 

controller, batteries, sensors, camera) 

• Pre-assembled drone models for demonstration 

• Safety gear (e.g., safety goggles, gloves) 

• Instructional handouts or guides on drone components and their functions 

• Projector or screen for visual demonstrations 

 

Procedure: 

 

• Briefly explain the objectives of the lab visit and its practical applications.  

• An instructor will introduce key drone components, such as the frame, 

motors, propellers, flight controller, batteries, sensors, and camera. Each 

component's role and characteristics will be explained to give students 

foundational knowledge. 

• Students will be guided to explore and examine the components. They will 

note down their observations regarding the features and purposes of each 

part. The instructor will conduct live demonstrations on how these 

components are assembled and operate together. 

• After the exploration, students will participate in a discussion led by the 

instructor to review their observations and understand the practical 

applications of each component in drone technology. This reinforces their 

learning and connects the experience to real-world uses. 

• Students will have the opportunity to ask questions for clarification or 

deeper understanding.  

• Summarize the key learnings from the lab visit and reiterate the 

importance of drone technology in various industries.  

• Emphasize adherence to safety protocols throughout the activity to 

maintain a secure learning environment. 

 

Activity 2: Drone component demonstration 

 

Materials Required: 

 

• Essential drone components (frame, battery, flight controller, sensors, 

motors, propellers) 

• Workbench (table) for component display 

• Safety equipment (e.g., safety goggles, gloves) 
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• Instructional handouts or visuals for detailed explanations 

• Notepads and pens for student observations 

 

Procedure: 

 

• Explain the significance of drone technology, and objectives of each 

component for effective drone operation. 

• Arrange the components on a workbench for easy viewing and access. One 

by one, demonstrate the function of each component, providing detailed 

explanations of their roles and importance in the overall functioning of a 

drone. Highlight key details, such as how the flight controller manages 

stability and how motors and propellers generate lift and movement. 

• Encourage students to ask questions during and after each demonstration 

to foster an interactive learning experience. Initiate discussions on real-world 

applications and the critical role of each component in various drone 

operations. 

• Summarize the key points covered in the demonstration, reinforcing 

students' understanding of the essential drone components and their 

functions. Emphasize the importance of each part in building a functional 

and effective drone. 

• Ensure that safety protocols are strictly followed to maintain a safe and 

controlled learning environment. 

 

Check Your Progress 
 

 

A. Multiple Choice Questions  

 

1. The component responsible for maintaining the structural support of a drone 

and holding all other parts is:  

a) Battery 

b) Propeller 

c) Frame 

d) Gimbal 

2. Which part of a drone converts electrical energy into mechanical energy to 

create thrust?  

a) Flight controller 

b) Motor 

c) Gimbal 

d) Telemetry system 

 

3. To regulate motor speed and direction, which component is essential for 

ensuring stability and control during flight?  

a) GPS 

b) Electronic Speed Controllers (ESCs) 
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c) On-board computer 

d) Receiver 

 

4. What acts as the 'brain' of the drone, processing data and adjusting motor 

speeds for stable flight?  

a) Battery 

b) Propeller 

c) Flight controller 

d) Telemetry system 

 

5. For extended flight duration, drones rely on which type of power source?  

a) Solar panels 

b) Rechargeable lithium-polymer batteries 

c) Gasoline engines 

d) Wind turbines 

 

6. Which component of a drone is responsible for receiving signals from the remote 

controller and relaying them to the flight controller?  

a) Gimbal 

b) Receiver 

c) GPS 

d) Propeller 

 

7. A gimbal is most critical in which drone application?  

a) Data telemetry 

b) Camera stabilization for smooth footage 

c) GPS waypoint navigation 

d) Motor speed regulation 

 

8. What component provides real-time data such as battery level and position to 

the pilot’s remote controller?  

a) On-board computer 

b) GPS 

c) Telemetry system 

d) Propeller 

 

9. In a professional drone used for aerial photography, which part ensures high-

quality images despite the drone’s movement?  

a) Motor 

b) Battery 

c) Gimbal 

d) Receiver 

 

10.  The GPS system in a drone is most beneficial for:  

a) Adjusting motor speed 

b) Waypoint navigation and location tracking 
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c) Powering the propellers 

d) Stabilizing the camera during flight 

 

 

Session 3: Drone Rules 2021  
 

 

The various components of drones were explored in the previous section. Now, let 

us move on to learning about drone regulations. Have you ever seen a red 

cylindrical container in places like school, hospitals, or around your 

neighbourhood? That thing is called a fire extinguisher.  

 

Fire extinguishers are super important because they help stop fires from spreading 

and hurting people or damaging stuff. They are like heroes, always ready to jump 

into action when there is a fire. But there are some important rules you need to 

know about using them safely.  

 

Similarly, there are rules for using drones safely. Drones are those flying machines 

people use for different things like taking cool pictures or delivering packages. Just 

like with fire extinguishers, it is important to follow the rules when using drones so 

that everyone stays safe. The Central Government introduced the Unmanned 

Aircraft System Rules (UAS Rules) on August 25, 2021. Further to understand 

drones and its safe applications there are some designated rules and regulations 

which are as follows: 

 

Regulations related to drones:  

 

In order to understand regulations related to a drone let’s take an example. Once, 

while traveling with his parent, a boy found himself in a vehicle approaching a 

traffic signal. His father, careful of traffic regulations, came to a halt as the light 

turned red. With patience and respect for the rules, they waited until the signal 

changed to green before continuing their journey. This commitment to following 

traffic signals not only ensures the smooth flow of vehicles but also plays a vital 

role in enhancing overall road safety. 

 

Similarly, when operating a drone, it is crucial to follow established rules and 

regulations. Obeying traffic signals ensures orderly movement on the road. 

Similarly, complying with drone regulations facilitates safe and efficient aerial 

navigation. By adhering to these guidelines, we contribute to the effective 

management of airspace and minimize the risk of accidents or disruptions. 

 

Evolution of drone regulations  

 

Unmanned Aerial Vehicles (UAVs), commonly referred to as drones, have 

introduced a host of terms, regulations, and organizations pertaining to their 
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operation. These terms encompass acronyms like UAS (Unmanned Aircraft 

System), DGCA (Directorate General of Civil Aviation), FAA (Federal Aviation 

Administration), and BVLOS (Beyond Visual Line of Sight).  

 

Regulations are paramount for the secure use of drones and can vary from one 

nation to another. For example, In India DGCA formulates and enforces safety 

standards and regulations in order to ensure the safe and efficient operation of 

aviation activities, the United States relies on the FAA for drone regulations, while 

the European Union is governed by the EASA (European Union Aviation Safety 

Agency). Leading drone manufacturers include organizations such as DJI, Parrot, 

and Skydio, while educational institutions and drone pilot associations play pivotal 

roles in promoting responsible drone usage. 

 

Comprehensive Guide to Drone Regulations, Certification, and Remote Pilot 

Licensing 

 

• Certificate of Airworthiness: An airworthiness certificate is a critical document 

validating that an aircraft, including drones, complies with precise safety and 

performance standards necessary for flight. In the field of drones, this certificate 

affirms that the drone is suitable for operation, ensuring minimal risk to both 

other users of airspace and the general public. The certification process entails 

a thorough evaluation of the drone's design, construction and adherence to 

safety regulations. The issuance of this certificate, typically overseen by aviation 

authorities, confirms that the drone can safely operate within the designated 

airspace. 

 

• Controlled airspace: Controlled airspace designates a specific segment of 

airspace where air traffic control services monitor and regulate aircraft 

movements. This stands in contrast to uncontrolled airspace, where no traffic 

management services are in place. Typically, drones are not permitted to operate 

within controlled airspace unless they secure proper authorization or clearance 

from aviation authorities. This division ensures the safety of both manned and 

unmanned aircraft within shared airspace. 

 

• Digital sky platform: The digital sky platform represents an innovative 

technological initiative introduced by DGCA to oversee and execute drone 

operations. This platform serves as a digital infrastructure, facilitating drone 

operators in obtaining permissions, submitting flight plans, and receiving real-

time airspace regulation updates. It streamlines the operational process for 

drones while maintaining stringent safety and security standards. 

 

• Geo-fencing: Geo-fencing constitutes a technology employed to establish virtual 

boundaries within physical geographic areas. In the context of drones, it serves 

as a crucial safety feature by prohibiting drones from entering forbidden or 

sensitive zones. These virtual barriers are programmed into the drone's 
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navigation system, preventing it from encroaching upon areas such as airports, 

military installations, or other restricted zones. 

 

• Prototype Drone: A prototype drone represents an early-stage model of an 

unmanned aircraft, often employed for testing and refining new technologies or 

designs. This preliminary version is utilized in the initial phases of development 

and usually does not represent the final product intended for commercial use. 

Prototype drones aid engineers and manufacturers in honing their designs and 

functions before producing a market-ready iteration. 

 

• Unmanned Aircraft System Traffic Management (UTM): The Unmanned 

Aircraft System Traffic Management (UTM) constitutes a comprehensive 

framework and suite of technologies devised to oversee and regulate the growing 

presence of drones within airspace. UTM systems are designed to ensure the 

secure and efficient operation of drones, averting collisions and conflicts 

between unmanned and manned aircraft. They encompass components such as 

drone air traffic control (ATC), traffic flow management, and real-time data 

exchange to support the seamless integration of drones into the national 

airspace. 

 

• Unique Identification Number of Drones: The Unique Identification Number 

(UIN) allocated to drones is a one-of-a-kind alphanumeric identifier associated 

with each unmanned aircraft. This code helps authorities and drone operators 

track and regulate drones. It ensures that drones follow regulations, improving 

safety and security.  As every vehicle has a registration number, similarly, every 

drone has a Unique Identification Number (UIN). 

 
Categorization of Airspace as per the Drone Rules 2021: 

As outlined in the Drone Rules of 2021, airspace is divided into three distinct zones, 

each bearing its own set of regulations (Figure 1.5): 

 

a) Red Zone: The red zone defines airspace that is designated as restricted or 

heavily regulated. Drone activities within red zones are generally either 

prohibited or subjected to rigorous oversight, often encompassing areas such 

as critical infrastructure, military facilities, and airports. The area located 

between the lateral distance of 0 to 5 km from the perimeter of an operational 

airport is prohibited for flying operation of drones. 

 

b) Yellow Zone: Yellow Zones are classified areas within airspace where drone 

operations are subject to specific regulations due to proximity to operational 

airports. These zones are further divided into two categories: The Inner 

Yellow Zone and the Outer Yellow Zone. 

 

• Inner Yellow Zone: The Inner Yellow Zone refers to the airspace 

extending from 5 to 8 kilometres from the perimeter of operational 

airports. Drones are prohibited from flying in this zone without prior 
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permission from the Air Traffic Control (ATC). This restriction is in place 

to maintain safety and minimize the risk of interference with manned 

aircraft operating in and out of the airport. 

 

• Outer Yellow Zone: The Outer Yellow Zone encompasses the airspace 

located between 8 kilometres and 12 kilometres from the perimeter of 

operational airports, where the airspace is above 60 meters. In this zone, 

drones are also restricted from flying without prior ATC approval. The 

regulations are designed to ensure that drone activities do not 

compromise the safety of aircraft operating in nearby airspaces. 

 

c) Green Zone: The green zone designates airspace areas characterized by 

relatively lenient regulations. The airspace up to 120 meters in the area that 

has not been designated as a yellow or red zone or the airspace up to a 

vertical distance of 60 meters located between lateral distances of 12 km and 

above from the perimeter of an operational airport shall be designated as a 

green zone. 

 

These zone categorizations are pivotal in ensuring the secure and responsible use 

of drones while mitigating potential risks to aviation, infrastructure, and public 

welfare. 

 

 
 

 

 

 

Figure 1.5: Demarcation of drone flying zone 
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Drone Certification:  

 

This certification acts as tangible evidence that the drone is well suited for flight 

and aligns with established regulatory guidelines. It plays a pivotal role in assuring 

the secure and careful utilization of drones across various applications, 

encompassing commercial, recreational, and research contexts. A drone's 

compliance with standards is ensured by the Quality Council of India (QCI), which 

promotes safety, reliability, and efficiency. The drone certification in India has 

specific set of rules to get classified; the following are some of them:  

 

● Categories of Drones: Drones are categorized based on their weight such 

as nano, micro, small, medium, and large. Each category has different 

requirements and restrictions. 

 

● Digital Sky Platform: The DGCA introduced an online portal, to facilitate 

the registration and monitoring of drones. 

 

● Drone Registration: All drone operators are required to register their drones 

on the Digital Sky Platform. Different categories of drones may need different 

levels of approvals. 

 

● Operator Permit: Depending on the category and purpose of drone usage, 

operators may require obtaining an Unmanned Aircraft Operator Permit from 

the DGCA. 

 

● No-Permission-No-Take-off (NPNT): Drones are needed to be equipped with 

NPNT-compliant hardware/software to ensure that they can only take off 

after obtaining necessary permissions. 

 

● Permissions for Flying: Operators need to seek permission before flying in 

controlled airspace or near certain sensitive locations. 

 

● Insurance: It is often mandatory to have insurance coverage for third-party 

liability. 

● Training Requirements: Some categories of drones and operations may 

require the pilot to undergo specific training.  

 

Remote Pilot Licensing:  

 

The acquisition of remote pilot licensing requires obtaining the essential 

authorization and qualifications for operating drones, signifying the attainment of 

certified remote pilot status from government certified RPTO (Remote Pilot Training 

Organization).  

 

Typically, this licensing procedure involves successfully passing a knowledge 

examination and fulfilling specific prerequisites, ensuring that remote pilots 
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possess the requisite skills and knowledge for the safe and proficient operation and 

control of drone. Remote pilot licensing is particularly vital for individuals intending 

to employ drones for commercial purposes or situations mandating adherence to 

regulatory standards. The remote pilot certification further requires the following 

criteria:  

 

● Eligibility: To obtain a Remote Pilot Certificate, one must meet eligibility 

criteria, including age (18-65), passing class tenth or equivalent, and health 

requirements. 

 

● Training: Completion of a DGCA-approved training program for remote 

pilots is usually an essentiality. This training covers several aspects of drone 

operation, safety, regulations, and navigation. 

 

● Examination: After completing the training, the interested individuals 

usually require to pass a written examination conducted by the DGCA. The 

exam evaluates the individual's knowledge of drone regulations, safety 

procedures, and other relevant topics. 

 

● Application: Upon effective completion of training and passing the 

examination, individuals can apply for the Remote Pilot Certificate through 

the DGCA. The application procedure may include submitting necessary 

documents and paying applicable fees. 

 

● Issuance of Certificate: Once the application is processed and approved, 

the DGCA issues the Remote Pilot Certificate to the individual. This license 

lets them to operate drones for specified purposes within the regulations set 

by the DGCA. 

 

● Renewal and Compliance: Remote Pilot Certification may have expiration 

dates, and individuals are required to renew their certificate as per the 

regulations. It is also important for certificate holders to stay updated on any 

changes in drone regulations and comply with them. 

DID YOU KNOW? 
● Drone certification processes vary widely from country to country, 

reflecting the diverse approaches taken by regulatory authorities 

worldwide. 

● UTM systems are being developed to manage the increasing volume of 

drone traffic. These systems aim to enable safe and efficient drone 

operations in shared airspace. 

● Some countries are implementing or considering Remote Identification 

(Remote ID) requirements to enhance transparency and accountability in 

drone operations. 

_______________________________________________________________________________ 
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Activities 

 

 

Activity 1: Simulating drone regulation scenario 

 

Materials Required: 

 

• Role descriptions for drone operators, regulators, and law enforcement 

officers 

• Relevant regulatory documents (e.g., Drone Rules 2021, safety guidelines) 

• Scenario worksheets outlining specific drone operations and compliance 

situations 

• Whiteboard or projector for group discussions 

• Safety protocol handouts 

• Timer for role-play sessions 

 

Procedure: 

 

• Begin the session with an introduction to the objectives of the workshop, 

explaining the importance of regulatory compliance in drone operations. 

• Assign student’s roles as drone operators, regulators, or law enforcement 

officers. Provide each participant with their role description and specific 

tasks based on the scenario. 

• Hand out scenario worksheets with specific drone operation situations that 

require decision-making, such as flight over restricted areas, emergency 

situations, or compliance with operational restrictions. 

• Allow students to role-play the scenarios, making decisions based on the 

regulations, ethical considerations, and safety guidelines. 

• Facilitate discussions after each simulation round, encouraging students to 

analyse the decisions made and evaluate the impact of regulatory 

compliance on drone operations. 

• Use the whiteboard or projector to highlight key regulatory guidelines and 

ensure all students understand the importance of ethical considerations in 

drone operations. 

• Conclude the activity with a group discussion summarizing lessons learned, 

challenges encountered, and key takeaways about the role of regulation in 

drone technology. 

• Provide additional resources for further exploration of drone regulations and 

encourage students to stay updated on evolving laws. 

 

 

 

 



` 

 

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL 

 

24 
 

Drone Operator- Multirotor - Grade XI  

 

Check Your Progress 

 

 

A. Multiple Choice Question 

 

1. What is the purpose of a Digital Sky Platform in the context of drone operations? 

a) Monitoring wildlife movements 

b) Facilitating drone operations oversight and administration 

c) Recording aerial videos 

d) Controlling weather conditions for drone flights 

 

2. How does Geo-fencing contribute to drone safety? 

a) Enhancing drone speed 

b) Establishing virtual boundaries to prevent entry into restricted zones 

c) Improving camera quality 

d) Enabling long-range drone flights 

 

3. What does UTM stand for in the context of drone traffic management? 

a) Unmanned Traffic Monitoring 

b) Unmanned Transportation Management 

c) Unmanned Aircraft System Traffic Management 

d) Unmanned Terrain Mapping 

 

4. What is the Unique Identification Number (UIN) associated with in the realm of 

drones? 

a) Pilot's identification 

b) Manufacturer's location 

c) Drone's unique alphanumeric identifier 

d) GPS coordinates of drone flights 

 

5. According to the Drone Rules of 2021, what does the Yellow Zone signify? 

a) No drone activities allowed 

b) Controlled airspace with specific authorizations 

c) Relatively lenient regulations 

d) Restricted airspace with rigorous oversight 

 

6. What is the primary purpose of drone certification? 

a) Ensuring drones have the latest technology 

b) Facilitating drone racing events 

c) Confirming compliance with safety and performance standards 

d) Enhancing drone speed and agility 

 

7. Why is Remote Pilot Licensing essential for drone operators, especially in 

commercial contexts? 
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a) To showcase drone ownership 

b) To regulate drone manufacturing 

c) To ensure adherence to regulatory standards for safe and proficient operation 

d) To participate in drone research projects 

 

8. What does the acronym DGCA represent in the realm of drone regulations? 

a) Director General of Civil Aviation 

b) Director General of Civic Aviation 

c) Directorate General of Civil Aviation 

d) Directorate General of Civil Agriculture 

 

Module 2:  

 

Multirotor Drone - Components and 

Applications 

 

 

 

Module Overview 

 

 

This module offers an in-depth exploration of multirotor drones, encompassing 

three critical areas.  

 

The first session, “Components of multirotor drones”, introduces students to the 

fundamental parts of a multirotor drone, including the frame, motors, propellers, 

flight controller, batteries, sensors, and cameras, detailing their functions and how 

they interconnect.  

 

The second session on the assembling of multirotor drones provides hands-on 

experience, guiding students through the process of constructing a drone from 

individual components, emphasizing practical skills and troubleshooting 

techniques.  

 

The third session, on the applications of multirotor drones explores the diverse uses 

of these across various industries, such as cinematography, agriculture, research, 

and humanitarian aid, discussing the practical benefits and implications of drone 

technology. This comprehensive module aims to equip students with both the 

theoretical understanding and practical expertise necessary to excel in the field of 

drone technology.  
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Learning Outcomes  
 

 

After completing this module, you will be able to: 

 

• Describe the essential components of a multirotor drone, including the 

frame, motors, propellers, flight controller, and battery. 

• Demonstrate knowledge of the structural design of a multirotor drone. 

• Identify proper connection and alignment of components for safe and 

efficient operation of the drone 

• Explain various applications of multirotor drones in industries such as 

agriculture, photography, and surveillance. 

• Describe the advantages of using multirotor drones for specific tasks. 

• Demonstrate understanding of the operational capabilities of multirotor 

drones in real-world applications. 

 

 

Module Structure 

 

Session 1: Components of Multirotor Drone 

 

Session 2: Assembling Multirotor Drone   

 

Session 3: Applications of Multirotor Drone   

 

 

Session 1:  Components of Multirotor Drone 

 

 

This session explores various components of a multirotor drone as well as explore 

how each part plays a crucial role in its overall function. Just like assembling a 

puzzle, every component must fit perfectly to create a fully operational drone.  

 

 

Imagine a child engrossed in playing with a jigsaw puzzle of a car, carefully 

arranging and adjusting each piece to create the complete picture as shown in 

figure 2.1. Similarly, when we assemble a multirotor drone, it is like putting 

together a complex puzzle. Each component, from the frame to the motors and 

propellers, is carefully selected and assembled, much like arranging the pieces of 

a puzzle to form a cohesive and functional whole. 
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The joy of constructing and the anticipation of seeing the final result make both 

activities, whether it is assembling a puzzle or a drone, an engaging and rewarding 

experience. 

 

Let us imagine a multirotor drone as a small robot. It is like a brave explorer, and 

we will learn about its different parts in the following list: 

 

Frame (Body): Every living thing need a body or structure, and is a sturdy frame. 

Robot’s frame can be compared to a skeleton, serving as the support system for all 

the other components. A multirotor drone's frame is the actual framework that acts 

as its chassis, providing housing and support for all other essential parts needed 

to keep the drone operating. 

 

Motors and Propellers (Wings): It features four strong motors one for each corner 

of the frame that it may use to take off. These motors are similar to robot’s wings 

in that propellers may be attached to them. Robot is raised off the ground by these 

spinning propellers, much like a bird is raised into the air by its wings. The 

mechanical parts of a multirotor drone that provide thrust and generate the 

required forward motion are called motors. They provide the propellers' rotational 

force. In contrast, propellers are the rotating blades that are attached to the 

engines. They are crucial in creating lift and thrust, which are needed to raise the 

drone and let it to go through the air. 

 

Flight Controller (Brain): Let us now conceptualize the flight controller as a brain 

that knows where to go, how high to fly, and how to maintain stability. It interprets 

data from sensors to keep balanced and flying in the intended direction. In order to 

preserve the drone's stability, control its movements, and keep it in the air, it 

interprets human orders and data from on-board sensors. 

 

Battery (Energy Source): Robot needs a rechargeable battery to power its motors 

and brain. The battery, which powers robot's aerial explorations, can be compared 

to human’s lunchbox. The drone's main source of energy is its battery. It provides 

Figure 2.1: A child playing with a jigsaw (L) Assembling drone (R) 
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electrical power to the flight controller, motors, and any other parts like sensors or 

cameras. It does this through a power distribution unit. The drone's overall 

performance and flight time are greatly influenced by the battery selection. 

 

Electronic Speed Controllers (Power Regulators):  

For robot’s motors to remain under control, the ideal quantity of power is required. 

Similar to power regulators, electronic speed controllers (ESCs) make sure that 

every motor receives the proper quantity of energy to spin at the proper speed. The 

electrical devices known as ESCs are in charge of regulating the motors' speed and 

power distribution. They efficiently convert flight controller instructions into exact 

motor changes, allowing the drone to alter its direction and speed as required. 

 

Sensors for drones- Primary and Secondary 

 

Drones come with a wide range of sensor systems, which are separated into primary 

and secondary sensors, each intended for a particular purpose. Primary sensors 

usually include barometers for accurate altitude measurement, accelerometers and 

gyroscopes for stable flying, and GPS for precise navigation and positioning. 

Conversely, LiDAR (Light Detection and Ranging), radar (Radio Detection and 

Ranging), ultrasonic sensors, multi-spectral, and thermal imaging devices are 

examples of secondary sensors. These sensors can be used for mapping, obstacle 

detection, object recognition, and environmental monitoring, among other things. 

These sensor systems are essential for enhancing drone capabilities and allowing 

them to carry out a variety of jobs accurately and effectively. 

 

Purpose and functionality of each component of multirotor drone 

 

Based on application and requirements, selection criteria for drone components are 

used (payload capacity, flight time, range and communication, GPS and navigation, 

camera and imaging requirements, regulatory compliance, etc.) Each part that 

makes up a multirotor drone has a specific role that adds to the overall functionality 

and performance of the machine.  

 

The frame gives the other essential parts the support they need. The drone's motors 

provide thrust, move it forward, and control its movements. In order to provide lift 

and propelling, propellers are essential components that affect stability and 

efficiency. The flight controller acts as the drone's brain. It processes sensor data 

and operator inputs to ensure accurate control and stabilization.  

 

Electronic speed controllers, or ESCs, control motor speed and convert flight 

controller commands into motor movements. The flight time and general 

performance are greatly influenced by the battery, which acts as the power supply. 

 

 

 

 



` 

 

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL 

 

29 
 

Drone Operator- Multirotor - Grade XI  

Drone Component Selection Criteria: 

 

The choice of drone components depends on the intended application and the 

particular operational requirements. 

 

● Factors to consider include payload capacity, which affects the choice of 

motors and frame. 

● Flight duration is directly affected by battery capacity and motor efficiency. 

● Range and communication necessitate the implementation of appropriate 

communication systems. 

● GPS and navigation play a critical role in enhancing navigation precision and 

require the selection of suitable GPS systems and sensors. 

● Camera and imaging prerequisites guide the selection of cameras and 

sensors. 

● Regulatory compliance necessitates adherence to local drone regulations, 

which can significantly influence the choice of components. 

 

These selection criteria ensure that drone components are meticulously tailored to 

meet the demands of the specific application, be it aerial photography, agricultural 

surveying, surveillance, or any other specialized use. 

 

DID YOU KNOW? 

 
● Various countries had specific rules regarding the maximum allowable 

altitude and distance that drones could travel from the operator. 

● Drone registration remained a common requirement in many countries, with 

operators needing to register their drones with relevant aviation authorities. 

● With the increase in drone usage, there were discussions and developments 

in counter-drone technologies and regulations to address safety and security 

concerns. 

 

Activities 

 

 

Activity 1: Poster presentation on drone components 

 

Materials Required: 

 

• Poster boards or digital presentation tools  

• Markers, coloured pens, or design software 

• Diagrams, images, and reference materials on drone components 

• Internet access for research (optional) 

• Presentation equipment (e.g., projector, computer, etc.) 

• Feedback forms (optional) 
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Procedure: 

 

• Brief explanation regarding drone and overall drone operations. 

 

• Divide students into groups, assigning each group a specific drone 

component (e.g., frame, battery, motors, flight controller, propellers, GPS, 

etc.). 

 

• Each group conducts research on their assigned component. They create a 

poster that includes concise text, diagrams, and images to explain the 

component's functionality, importance, and role in the drone system. 

 

• Each group prepares a short presentation (5-10 minutes) to accompany their 

poster. They should be ready to explain the component's function and 

answer any questions from the class. 

 

• Groups display their posters and present to the class. Students should 

explain the key features, purpose, and application of their assigned 

component. 

 

• After each presentation, encourage class discussion followed by feedback.  

 

 

Check Your Progress 

 

 

A. Multiple Choice Questions  

 

1. What is the primary function of the frame in a multirotor drone? 

a) Generating lift 

b) Housing the flight controller 

c) Providing structural support 

d) Controlling motor speed 

 

2. Which component of a multirotor drone is responsible for producing thrust 

and forward motion? 

a) Flight Controller 

b) Battery 

c) Motors 

d) Propellers 

 

3. What role do propellers play in the operation of a multirotor drone? 

a) Generating lift and forward motion 
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b) Controlling flight stability 

c) Interpreting user commands 

d) Providing structural support 

 

4. Which component serves as the "brain" of the drone, interpreting user 

commands and maintaining stability? 

a) Battery 

b) Motors 

c) Flight Controller 

d) ESC (Electronic Speed Controllers) 

 

5. What is the function of Electronic Speed Controllers (ESCs) in a multirotor 

drone? 

a) Generating lift 

b) Controlling motor speed 

c) Interpreting sensor data 

d) Providing structural support 

 

6. What is the primary purpose of the battery in a multirotor drone? 

a) Interpreting user commands 

b) Generating lift 

c) Providing power to the entire system 

d) Controlling motor speed 

 

7. Which sensors are considered primary sensors in a drone? 

a) Cameras and LIDAR 

b) GPS and accelerometers 

c) Radar and ultrasonic sensors 

d) Thermal imaging devices 

 

8. What is the role of accelerometers in a drone? 

a) Measure altitude 

b) Ensure flight stability 

c) Detect obstacles 

d) Provide real-time data 

 

9. Which sensors are classified as secondary sensors for drones? 

a) GPS and accelerometers 

b) Cameras and LiDAR 

c) Radar and ultrasonic sensors 

d) Both B and C 

 

10. How do secondary sensors contribute to a drone's capabilities? 

a) Ensure flight stability 

b) Facilitate precise navigation 

c) Detect obstacles and recognize objects 
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d) Provide real-time data for the flight controller 

 

 

Session 2: Assembling Multirotor Drone 

 

 

Drone assembly involves integrating various components, such as frame, propeller, 

motors, flight controllers, ESCs, and receivers. Assembling a drone teaches about 

weight distribution and the importance of ensuring that the drone is balanced on 

all axes.  After assembling the hardware, there is a need to configure the drone's 

software settings. This involves supplying power, setting up the flight controller, 

calibrating sensors, and configuring the transmitter. It provides insight into the 

software part of drone technology. 

 

Step-by-step guide to multirotor drone assembly (Figure 2.2)–  

 

i. Frame Assembly: Start by constructing the drone's frame according to the 

manufacturer's instructions, ensuring its stability and structural integrity. 

 

ii. ESCs and motor Installation: Secure the ESCs onto the frame's arms and 

establish the correct connections between the ESCs and the motors. 

iii. Propeller Attachment: Carefully mount the propellers onto the motor 

shafts, ensuring they are correctly positioned and tightened, and adhere to 

the manufacturer's recommendations for propeller choice and mounting. 

 

iv. Flight Controller Setup: Install the flight controller at the frame's centre 

and connect it to the ESCs. If necessary, integrate additional sensors like 

GPS and gyroscope as per the flight controller's guidelines. 

 

v. Power System Connection: Establish the connections between the ESCs 

and the power distribution board. Connect the primary battery source to the 

power system, paying attention to cable management to prevent interference. 

 

vi. Transmitter and Receiver Installation: Configure the radio transmitter 

and receiver. Bind the receiver to the transmitter and connect the receiver to 

the flight controller. Ensure proper transmitter configuration and validate all 

control inputs. 

 

vii. Safety Checks: Before any testing, perform a comprehensive safety 

assessment. Ensure that all connections are secure and free from loose wires 

or components. Verify the accuracy of the power system setup and confirm 

battery security. 

 

viii. Initial Testing: Power up the drone and conduct initial tests. Confirm that 

all motors spin in the correct direction and that control inputs from the 
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transmitter are responsive. Validate the stability of the flight controller and 

functionality of on-board sensors. 

 

ix. Fine-Tuning and Configuration: Utilize the flight controller's software to 

fine-tune parameters such as motor calibration, control responsiveness, and 

flight modes. Customize settings to optimize the drone's stability and 

performance. 

 

x. Final Safety Assessment: Perform a comprehensive final safety check to 

ensure the security of all components. Revaluate all wiring and connections. 

Validate the correct configuration of fail-safes, including Return-to-Home 

(RTH) and low-battery settings. 

 

xi. Inaugural Flight: Take your drone for its first flight in a secure and open 

area. Evaluate its stability and responsiveness during the initial flight. 

Gradually advance to more complex maneuvers as you gain confidence in its 

performance. 

 

xii. Ongoing Maintenance: Regularly inspect and uphold your drone. Monitor 

for signs of wear and tear, damaged components, or loose connections. Keep 

both firmware and software updated to ensure optimal performance. 

 

 

 

 

 

 

Figure 2.2: Assembling multirotor drone 
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DID YOU KNOW? 
● Drone assembly is an excellent practical application of science, technology, 

engineering, and mathematics (STEM) concepts. It brings theoretical 

knowledge into a real-world context, making learning more engaging. 

● The average time to assemble a consumer drone is around 2-4 hours. 

● One of the exciting aspects of assembling a multirotor drone is the ability to 

customize it according to your preferences. You can choose specific 

components, frame designs, and even add features that suit your intended 

use. 

_______________________________________________________________________________ 

Activities 

 

Activity 1: Dismantling and assembling a multirotor drone 

 

Materials Required: 

• Multirotor drones (for dismantling and reassembling) 

• Screwdrivers, pliers, and other necessary tools 

• Safety gear (gloves, safety glasses) 

• Workbenches or designated workspace 

• Instruction manuals or guides for drone assembly 

• Testing equipment (e.g., battery, remote controller, testing area) 

 

 

Procedure: 

• Explain the purpose of the activity to give students a hands on 

understanding of the internal components and the assembly process of a 

multirotor drone.  

 

• Review safety protocols with the students, focusing on the proper handling 

of tools, equipment, and components to prevent accidents during 

dismantling and reassembling. 

 

• The instructor demonstrates how to dismantle the multirotor drone, 

highlighting important components such as the motors, flight controller, 

battery, and propellers. The instructor explains the function of each part as 

it is removed. 

 

• Assign students work in small groups, each dismantling their assigned 

multirotor drone under the instructor's guidance. As they dismantle the 

drone, they should examine the components and take note of the function 

and structure of each part. 
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• Once the drone is fully dismantled, the instructor demonstrates the correct 

procedure for reassembling the drone, emphasizing the proper placement 

and connection of components to ensure functionality. 

 

• Students begin reassembling their drones, following the instructor's 

guidance and ensuring that all components are correctly placed and secured. 

 

• Once the drones are reassembled, a brief test is conducted to ensure that 

each drone functions properly. This may include, checking the motor 

movements, flight controller calibration, and overall stability of the drone. 

 

• Let students discuss any challenges they encountered and how this hands-

on experience deepened their understanding of drone assembly and 

operation. 

 
 

Activity 2: Discussion on proper handling and installation of components 

 

Materials Required: 

 

• A variety of drone components (motors, flight controller, propellers, batteries, 

etc.) 

• Hand tools (screwdrivers, pliers, etc.) 

• Safety gear (gloves, safety glasses) 

• Whiteboard/Markers or presentation slides 

• Instruction manuals or assembly guides 

Procedure: 

1. Explain how drone components practices impact both the safety of the 

operator and the performance of the drone. Ensure to equip students with 

the knowledge needed to handle and install components correctly. 

 

2. Provide an overview of the key drone components (frame, motors, flight 

controller, sensors, battery, propellers, etc.), briefly discussing the role of 

each component in the operation of the drone.  

 

3. Initiate discussion about the proper methods for handling drone components 

to avoid damage. This includes: 

 

• Handling sensitive components like the flight controller and sensors 

carefully to avoid electrical issues. 

• Proper storage of components when not in use to prevent physical 

damage. 

• Guidelines for cleaning components, particularly motors and propellers, 

to avoid build-up that could affect performance. 
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4. Communicate with students the best practices for installing each 

component. Points to be taken care of: 

 

• Securing the flight controller and wiring it correctly to avoid short 

circuits. 

• Proper installation of motors and propellers, emphasizing correct 

alignment and torque. 

• Installing the battery and ensuring connections are secure to prevent 

power failure during flight. 

• Correct mounting of sensors to ensure accurate readings during flight. 

 

5. Safety measures to be followed while installing and handling components, 

such as: 

 

• Wearing gloves and safety glasses when handling certain components to 

prevent injury. 

• Ensuring the drone is powered off during assembly to avoid electrical 

shocks or accidental motor activation. 

• Using appropriate tools to prevent damaging components during 

installation (e.g., using the correct screwdriver size to avoid stripping 

screws). 

 

Optionally, provide students with reference materials or resources to help them 

further explore proper handling and installation techniques. 

 
 

 

Check Your Progress 
 

 

A. Multiple Choice Questions  

 

1. What is the primary purpose of ensuring the drone’s frame is stable during 

assembly?  

a) To reduce the overall weight of the drone 

b) To provide structural integrity and a strong foundation for other components 

c) To enhance the drone's speed and manoeuvrability 

d) To make the drone more aesthetically pleasing 

 

2. Why is it important to follow the manufacturer’s guidelines when attaching the 

propellers to the motors?  

a)    To ensure the propellers are positioned correctly and securely 

b) To improve the drone's camera quality 

c) To increase the drone's battery life 

d)  To make the drone fly in reverse 
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3. What role does the flight controller play during the drone assembly process?  

a) It powers the motors 

b) It stabilizes the drone during flight and processes flight data 

c) It stores flight data 

d) It serves as the drone's communication system 

 

4. Why is cable management essential when connecting the power system in a 

drone?  

a) To make the drone lighter 

b) To ensure the cables do not interfere with other components or movement 

c) To make the drone look more organized 

d) To improve battery life 

 

5. What should be verified during the initial testing of the assembled drone?  

a) That all motors spin in the correct direction and control inputs are 

responsive 

b) That the battery lasts for hours 

c) That the drone looks aesthetically pleasing 

d) That the drone can fly long distances 

 

6. Why is the transmitter and receiver configuration critical during assembly? a) 

a) To ensure the drone is powered on 

b) To enable communication between the drone and the pilot, ensuring proper 

control 

c) To improve the drone’s speed 

d) To allow for video streaming 

 

7. What is the purpose of fine-tuning the flight controller's settings?  

a) To make the drone lighter 

b) To optimize motor calibration, control responsiveness, and flight modes for 

better performance 

c) To make the drone look better 

d) To extend battery life 

 

8. What is one of the key components to check during the final safety assessment 

of the drone?  

a) The aesthetic appearance of the drone 

b) The accuracy of the power system setup and battery security 

c) The weight of the drone 

d) The speed of the motors 

9. Why is it important to conduct the inaugural flight in an open, secure area?  

a) To test the drone’s aesthetics in a real-world environment 

b) To ensure there is enough space to evaluate the drone's stability and 

responsiveness 
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c) To test the motor performance 

d) To test the camera’s performance 

 

10. What should be regularly inspected during ongoing maintenance of the drone? 

a) The aesthetic design of the drone 

b) Components for wear and tear, and ensuring connections remain secure 

c) The performance of the drone's camera 

d) The drone’s ability to fly long distances 

 

 

Session 3: Applications of Multirotor Drone 

 

 

Multirotor drones are employed in many different fields, including search and 

rescue, agriculture, surveillance, and aerial photography. Because of their 

steadiness and flexibility, they are perfect for taking high-quality photos, keeping 

an eye on large areas, carrying out precision agricultural operations, and navigating 

difficult locations. Below is a list of a few of the applications (Figure 2.3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Agriculture and Allied Sector: The use of drones in agriculture and allied sector 

has numerous applications; some of them are listed in the following section: 

 

i. Precision Farming: Drones facilitate efficient and targeted interventions, 

enhancing agricultural productivity. In the diverse landscape of Indian 

farming, these aerial tools empower farmers with accurate insights, 

contributing to sustainable and intelligent cultivation practices. 

 

Figure 2.3: Application of multirotor drones 
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ii. Pest Control: Utilizing drones for pest control revolutionizes traditional 

methods, offering efficiency and precision. Equipped with advanced sensors 

and cameras, drones can swiftly identify pest-infested areas, enabling 

targeted interventions. Automated pesticide delivery systems mounted on 

drones ensure precise application, minimizing environmental impact and 

health hazards. This approach minimizes the reliance on chemicals, thereby 

enhancing resource efficiency. 

 

iii. Crop Health Assessment: Multispectral imagery and high-resolution 

imagery captured by drones are crucial to crop health assessment. Through 

targeted interventions, this real-time data helps farmers make informed 

decisions, optimize resource use, and enhance crop productivity. 

 

iv. Power Line Inspection:  Drones are employed for aerial surveys of power 

lines and transmission structures, eliminating the need for perilous manual 

inspections. They capture high-quality images for the evaluation of 

structural integrity and maintenance requirements. 

 

v. Wildlife Monitoring: Drones contribute to wildlife conservation by aiding 

researchers in tracking animal populations, observing migration patterns, 

and combating illegal poaching. They provide a non-intrusive approach to 

observe and safeguard wildlife in their natural habitats. 

 

vi. Oil and Gas Exploration: Drones are utilized for surveying and monitoring 

pipelines, oil platforms, and other facilities in remote and challenging 

terrains. They enhance safety by reducing human inspection in hazardous 

environments. 

 

vii. Land Surveying: Leveraging LiDAR and photogrammetry technology, drones 

create precise 3D models of landscapes for land surveying and cartography 

purposes. They expedite surveying projects and cut down on expenses. 

 

viii. Disaster Management: Drones facilitate disaster response by delivering 

real-time aerial imagery to assess destruction, locate survivors, and 

strategize rescue operations. They are integral in evaluating natural 

disasters like earthquakes, floods, and wildfires. 

 

ix. Safety and Security: Drones serve in surveillance, monitoring large 

gatherings, and safeguarding borders and critical infrastructure. They 

enhance situational awareness and provide rapid responses to security 

threats. 

 

Futuristic Applications 

 

i. Anti-Poaching: Drones equipped with thermal imaging and AI can spot 

poachers in protected areas, bolstering wildlife preservation. 



` 

 

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL 

 

40 
 

Drone Operator- Multirotor - Grade XI  

 

ii. Traffic Congestion Alleviation: Drones may have a role in traffic 

management, monitoring traffic flow and offering real-time data for traffic 

control systems. 

 

iii. Structural Health Assessment: Drones with advanced sensors can detect 

wear, damage, or structural issues in buildings and bridges, streamlining 

maintenance and enhancing safety. 

 

iv. Weather Forecasting: Equipped with weather sensors, drones enhance 

weather forecasting precision by collecting data at various altitudes, 

ameliorating storm tracking and climate studies. 

 

v. Personal Assistance: In the future, personal assistant drones could perform 

tasks like fetching items, providing reminders, or even helping with 

household chores. 

 

 

Activities 

 

 

Activity 1:  Exploring real-world applications of multirotor drones 

 

Materials Required: 

• Presentation slides or projector for overview of drone applications 

• Whiteboard or flipchart for note-taking 

• Markers, pens, and paper for group discussions 

• Access to research articles or case studies on drone applications (optional) 

 

Procedure: 

 

1. Introduction: 

• Briefly explain the importance of understanding the diverse 

applications of multirotor drones to fully harness their potential. 

• Outline the objectives of the activity. 

2. Presentation: 

• Provide an overview of the various real-world applications of 

multirotor drones, including areas such as agriculture, search and 

rescue, infrastructure inspection, aerial photography, environmental 

monitoring, and more. 

• Highlight the benefits of drones in each field, as well as some of the 

common challenges. 

3. Group Division: 
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• Divide participants into small groups, assigning each group a 

specific application (e.g., agricultural monitoring, disaster 

management, cinematography, etc.). 

• Distribute any supporting research material or case studies if 

available. 

4. Group Discussion: 

• Each group discusses their assigned application, focusing on: 

• How drones are currently used in the application. 

• The benefits of using drones in this field. 

• Challenges involved (e.g., regulatory, technical, cost). 

• Emerging trends or technologies that could impact this 

application (e.g., AI integration, improved battery life, etc.). 

• Ways to optimize or adapt drone technology for better 

performance in this field. 

• Encourage participants to share personal experiences or examples 

they may know about drone use in their assigned field. 

5. Conclusion: 

• Conclude the session by summarizing key insights from each group 

discussion. 

• Emphasize the importance of understanding and leveraging drones 

in real-world scenarios for various industries. 

 

6. Safety Considerations: 

Ensure that any practical demonstrations or live drones used in the 

activity follow appropriate safety guidelines. Remind to handle any 

drone-related materials with care and follow safety protocols when 

discussing drone operations. 

 

 

Check Your Progress 
 

 

A. Multiple Choice Questions 

 

1. What is the primary benefit of using drones in precision farming?  

a) Increasing the cost of agriculture 

b) Enhancing agricultural productivity through targeted interventions 

c) Reducing the need for high-quality cameras 

d) Lowering the accuracy of crop assessments 

 

2. How do drones contribute to pest control in agriculture? 

 a) By spraying pesticides over large areas indiscriminately 

b) By identifying pest-infested areas and delivering targeted interventions 

c) By planting crops in the right soil 

d) By improving soil health and reducing pesticide use 
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3. What technology is commonly used by drones for crop health assessment?  

a) Infrared sensors 

b) High-resolution imagery and multispectral imagery 

c) Radio waves 

d) Sound waves 

 

4. What is one of the main advantages of using drones for power line inspection?  

a) They reduce the need for manual inspections, improving safety 

b) They increase the cost of inspections 

c) They eliminate the need for weather reports 

d) They replace the need for electricity 

 

5. How do drones aid in wildlife monitoring?  

a) By building habitats for endangered species 

b) By tracking animal populations and combating poaching 

c) By planting trees to create wildlife sanctuaries 

d) By feeding wildlife in protected areas 

 

6. In oil and gas exploration, what role do drones play?  

a) They increase the number of manual inspections 

b) They monitor pipelines and facilities in hazardous environments 

c) They replace oil rigs 

d) They produce oil in remote areas 

 

7. Which technology do drones use to create 3D models of landscapes for land 

surveying?  

a) GPS 

b) LiDAR and photogrammetry 

c) Radar 

d) Thermal cameras 

 

8. How do drones assist in disaster management?  

a) By monitoring power grids during disasters 

b) By delivering real-time aerial imagery to assess damage and locate survivors 

c) By replacing emergency rescue teams 

d) By directing traffic 

 

9. Which futuristic application of drones involves monitoring traffic flow?  

a) Anti-poaching 

b) Traffic congestion alleviation 

c) Weather forecasting 

d) Personal assistance 

 

10. What role do drones play in structural health assessment?  
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a) They transport construction materials 

b) They detect damage in buildings and bridges using advanced sensors 

c) They perform manual inspections on construction sites 

d) They replace engineers in structural planning 
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Module 3 

 

Payloads and Image Interpretation 

 

 

 

Module Overview 

 

 

This module on payloads and image interpretation provides a comprehensive overview 

of mounting payloads on drones and interpreting the visual data they capture.  

 

The session 1, begins with an exploration of how to securely mount various payloads, 

such as cameras, sensors, and other equipment, on drones to optimize their 

functionality for specific applications. Techniques and best practices for payload 

integration, ensuring stability and proper weight distribution to maintain drone 

performance and safety is also explained. 

 

Session 2, shifts focus to interpreting visual images and videos captured by drones. 

It covers the methods for analysing aerial imagery, understanding the data captured 

through different sensors, and applying image processing techniques to extract 

meaningful information. Practical exercises will include reviewing and analysing real-

world drone footage to develop skills in image interpretation, which is crucial for 

applications such as surveying, inspection, and monitoring. 

 

 

Learning Outcomes  
 

 

After completing this module, you will be able to: 

 

● Differentiate between drone payload types, including dispensable, non-

dispensable, active, and passive payloads. 

● Describe key payload features and components of drone. 

● Develop skills for mounting payloads on multirotor drones, ensuring balance, 

secure attachment, wiring, and safety. 

● Demonstrate image interpretation from drones, involving pre-processing, 

feature extraction, and machine learning. 
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Module Structure 

 

 

Session 1: Mounting of Payloads on Drone   

 

Session 2: Interpret Visual Images and Videos Captured by Drones 

 

 

Session 1:  Mounting of Payloads on Drone  
  

 

The focus in this session is on learning about mounting payloads on a drone. 

Payloads, such as cameras, sensors, or sprayers, are essential for extending a drone's 

capabilities for different applications. Understanding how to securely and efficiently 

mount these payloads ensures optimal performance, stability, and safety during 

drone operations. 

 

Let us understand this with an example. We all have gone to school with a backpack 

full of essential items similarly a drone also carries a payload for its tasks figure 3.1. 

In this analogy, the school bag is comparable to the payload for the student, and 

correspondingly, the drone has a payload that serves its specific functions. Books 

and supplies help students carry what they need. Specialized equipment helps drones 

transport their cargo. Both are designed for efficient item transport. It is a practical 

way to understand how both humans and machines are equipped for their tasks with 

the help of a well-designed payload. The amount of weight that a drone can carry in 

addition to its own weight is known as its payload. It comprises the drone plus any 

add-ons like cameras, sensors, or packages (Figure 3.2). 

 

 

Figure 3.1: Similarity in backpack and payload functioning 
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Figure 3.2: Drone carrying payload  

 

Types of payloads 

 

The various categories of payloads, which encompass dispensable payloads, non-

dispensable payloads, active payloads, and passive payloads: 

 

i. Dispensable Payloads: Dispensable payloads refer to components or objects 

that a drone can release or deploy during its mission. These items may include 

sensor packages, cargo, or even smaller drones that are released at specified 

points in the flight. It is involved in the aerial delivery of supplies, scientific 

instruments, or search and rescue equipment. 

 

ii. Non-Dispensable Payloads: Non-dispensable payloads are components or 

devices that remain affixed to the drone throughout the entire mission. 

Typically, these include sensors, cameras, communication equipment, or any 

hardware used for data collection or specific functions. Non-dispensable 

payloads are essential for tasks like aerial photography, mapping, or 

surveillance. 

 

iii. Active Payloads: Active payloads are those that possess the capability to 

perform specific functions or operations. Instances of active payloads 

encompass sensors collecting real-time data, robotic arms for object 

manipulation, or communication devices for establishing connections. Active 

payloads exhibit dynamic interactions with the environment and can execute 

tasks during the drone's flight. 

 

iv. Passive Payloads: Passive payloads are typically sensors or devices employed 

for data collection without actively engaging with the surroundings. These 
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include equipment such as cameras, thermal imaging sensors, and other data-

gathering instruments. Passive payloads do not conduct operations but are 

pivotal for the collection and analysis of data. These distinct payload categories 

enable drones to fulfil a broad spectrum of functions, ranging from data 

acquisition and surveillance to cargo transportation and environmental 

monitoring. These may include components such as missile launchers, 

counter-drone systems, or non-lethal deterrents used by law enforcement. 

 

v. Cameras: Camera payloads are equipped to capture high-resolution images 

and videos. They range from cameras optimized for aerial photography to 

thermal imaging cameras for night-time surveillance. 

 

vi. Sensors: Sensor payloads are essential for data collection and analysis. They 

encompass environmental sensors for monitoring air quality, gas sensors for 

detecting leaks, or LiDAR sensors for precise mapping. 

 

vii. Delivery Goods: Payloads designed for delivery goods are utilized to transport 

items from one location to another. These may include cargo containers, 

packages for food delivery, or supplies for remote areas. 

 

viii. Devices: Device payloads consist of various tools or instruments used for 

specific purposes. This category encompasses robotic arms for manipulating 

objects, communication devices, and scientific instruments. 

 

Features of payloads 

 

Drone payloads includes a wide range of components and systems, catering to diverse 

applications and needs. These payloads include: 

 

i. Cameras and Imaging Systems:  

Standard RGB cameras for capturing colour images and videos.  

Infrared (IR) cameras used for thermal imaging and night vision. 

Multispectral and hyperspectral cameras for applications in fields like 

agriculture and environmental monitoring. 

 

ii. LiDAR (Light Detection and Ranging): LiDAR sensors employ lasers to 

measure distances and generate detailed 3D maps of the surroundings, 

commonly used in mapping and surveying. 

 

iii. Sensors: Environmental sensors, which monitor factors like temperature, 

humidity, and air quality, often applied in research and monitoring. Gas and 

chemical sensors for detecting specific gases or chemicals, valuable in 

industrial and environmental contexts. LiDAR, radar, and sonar sensors for 

obstacle detection and terrain mapping. 
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iv. Payload for goods delivery: Payloads designed for cargo drones, featuring 

containers or compartments for transporting goods, packages, medical 

supplies, and more, typically employed in the delivery industry. 

 

 

v. Payload Release Mechanisms: Used for applications such as search and 

rescue, drones can be equipped with payload release systems to drop items, 

including life-saving equipment. 

 

vi. Weapon Systems: In military applications, drones may be equipped with 

weapon payloads for reconnaissance and, in some cases, missions. 

 

vii. Communication and Signal Relays: Drones can transport communication 

equipment to boost network coverage or provide signal relay in remote locations 

 

viii. Audio Equipment: Integration of microphones and speakers for various 

purposes, including surveillance and communication. 

 

ix. Data Transmission and Storage: Drones are typically equipped with data 

storage and transmission systems to collect and transmit data to operators or 

central locations. 

 

x. Payload Swapping: Payload swapping refers to the process of exchanging or 

switching the cargo or equipment (payload) carried by a drone during its 

operation. Certain drones are designed with the capability to quickly swap 

payloads to adapt to different mission requirements. 

 

xi. Photogrammetry and Mapping: It refers to the use of aerial imagery captured 

by drones to create accurate maps, 3D models, or measurements of 

landscapes, structures, or objects. Drones equipped with high-resolution 

cameras or specialized sensors capture overlapping photographs from various 

angles. Payloads specialized for aerial mapping and the creation of 3D models 

of terrain and structures. 

 

xii. Search and Rescue Equipment: Drones can be equipped with equipment like 

thermal cameras and life-saving devices to assist in search and rescue 

operations. 

 

Payload Mounting on a Multirotor Drone Frame  

 

When mounting a payload on a drone, several key factors must be considered to 

ensure the safety, stability, and performance of the drone. These include: 

 

i. Mounting the payload on multirotor drone: The process of mounting a 

payload on a multirotor drone, including balancing, securing the payload, 

wiring and connections, calibration, safety checks, ground and flight testing. 
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ii. Determine Mounting Location: Start by identifying the most suitable spot on 

the drone's frame for attaching the payload, considering factors such as weight 

distribution, balance, and aerodynamics. 

 

iii. Achieve Payload Balance: Ensure that the payload is evenly distributed on 

the drone to maintain flight stability. Use appropriate mounting points or 

mechanisms to achieve this balance. 

 

iv. Secure the Payload: Employ suitable mounting brackets, straps, or hardware 

to firmly attach the payload to the drone. This step is vital to prevent any 

shifting or displacement during flight. 

 

v. Connect Wiring and Interfaces: Establish connections between the payload 

and the drone's power distribution unit and control system. Verify that all 

connections are securely fastened and properly insulated to avert electrical 

issues during flight. 

 

vi. Calibrate as Needed: If your payload requires calibration, adhere to the 

manufacturer's guidelines to ensure precise operation. Align the payload with 

the drone's guidance system if necessary. 

 

vii. Perform Safety Inspections: Conduct a thorough safety check, examining all 

connections, fasteners, and wiring. Ensure there are no loose components that 

could pose a risk during flight. 

 

viii. Ground Testing: Before take-off, initiate a ground test to confirm that the 

payload functions as intended. Assess its responsiveness to commands and 

ensure accurate data transmission and recording. 

 

ix. Carryout Flight Testing: Following a successful ground test, execute a 

controlled flight test in a secure, open area. Pay close attention to how the 

payload influences the drone's flight characteristics. Evaluate various flight 

manoeuvres to verify the payload's proper functionality. 

 

x. Data Collection: Purpose of payload is for data collection (e.g., cameras or 

sensors), review the data acquired during the flight test to ascertain that it 

aligns with requirements. 

 

xi. Fine-Tuning and Adjustments: Based on the outcomes of the flight test and 

data analysis, make any necessary modifications to the payload's placement, 

balance, or settings to optimize performance. 

 

xii. Document the Process: Maintain meticulous records of the payload 

installation, calibration, and any adjustments made. This documentation 

proves valuable for troubleshooting and future reference. 
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xiii. Adherence to Regulations: Ensure that the configuration, including the 

payload, adheres to local and national regulations, especially when specific 

legal requirements are associated with the payload. 

 

xiv. Safety protocols: Always uphold safety protocols and best practices for drone 

operations, including those relevant to the specific payload in use. 

 

xv. Regular Maintenance: Consistently inspect and maintain the payload and its 

connections to uphold continued safe and efficient operation. 

 

 

Activities 

 

 

Activity 1: Drone laboratory visit for payload observation 

 

Materials Required: 

 

• Drones with various payloads (cameras, sensors) 

• Laboratory setup and display tables 

• Instructional materials (slides, charts) 

• Safety gear (glasses, gloves) 

• Observation tools (magnifying glasses, cameras) 

• Discussion materials (whiteboard, pens) 

• Laptops/tablets (optional for specs/videos) 

• Resource handouts (brochures) 

• Evaluation forms (optional) 

• Audio-visual equipment (projector, screen) 

 

Procedure: 

 

1. Drones equipped with different payloads (e.g., cameras, thermal sensors, 

LiDAR, GPS, delivery systems). 

2. A laboratory space or a drone testing area with a sufficient number of drones 

and payloads for observation. Display stands or tables to showcase different 

payload types. 

3. Presentation slides or handouts providing an introduction to drone payloads 

and their applications. 

4. Diagrams or charts illustrating how payloads affect drone performance, such 

as payload capacity vs. flight time, stability, and efficiency. 

5. Specific examples of drone payloads used in agriculture, search and rescue, 

or environmental monitoring. 
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6. Safety glasses and gloves for students (if hands-on interaction with the 

drones or components is involved). 

7. Personal protective equipment (PPE) for students and instructors, if 

necessary, especially when interacting with operational drones or testing 

areas. 

8. Magnifying glasses or inspection tools to closely examine smaller components 

of payloads. 

9. Cameras or smartphones for students to take photos or notes during the tour 

for later reference and discussion. 

10. Whiteboard or flipchart for the debriefing and group discussions. 

 

 

Check Your Progress 

 

 

A. Multiple Choice Questions  

 

1. What is the primary consideration when determining the mounting location for a 

payload on a multirotor drone? 

a) Payload weight 

b) Aerodynamics 

c) GPS signal strength 

d) Manufacturer's logo 

 

2. Why is achieving payload balance important during the mounting process? 

a) To make the drone heavier 

b) To ensure flight stability 

c) To reduce aerodynamic drag 

d) To make the payload more visible 

 

3. What should be employed to firmly attach the payload to the drone during the 

mounting process? 

a) Loose cables 

b) Straps or mounting brackets 

c) Magnets 

d) Unsecured clamps 

 

4. What is a crucial step in the connection process during payload mounting? 

a) Leaving connections loose for flexibility 

b) Using low-quality insulation 

c) Verifying secure and properly insulated connections 

d) Avoiding calibration altogether 

 

5. When is a ground test typically conducted in the payload mounting process? 

a) After the flight test 
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b) Before securing the payload 

c) Before calibration 

d) During data collection 

 

6. What is the purpose of flight testing after mounting a payload? 

a) To assess the drone's speed 

b) To evaluate how the payload influences flight characteristics 

c) To test the durability of the payload 

d) To determine the payload's weight 

 

7. Why is data collection and analysis an essential step in the payload mounting 

process? 

a) To prove the drone's existence 

b) To evaluate the quality of the ground test 

c) To ensure compliance with regulations 

d) To ascertain that the payload meets requirements 

 

8. What should be documented during the payload mounting process? 

a) The manufacturer's contact information 

b) The payload's favourite colour 

c) Installation, calibration, and adjustments made 

d) Local weather conditions 

 

9. Why is adherence to regulations emphasized in the context of payload mounting? 

a) To increase payload visibility 

b) To avoid manufacturer warranties 

c) To ensure safety and compliance with legal requirements 

d) To make the drone stand out 

 

10. What is a key consideration for ongoing maintenance after mounting a payload? 

a) Ignoring regular inspections 

b) Consistently inspecting and maintaining the payload and its connections 

c) Documenting the process only during the initial installation 

d) Flying the drone without any payload for increased speed 
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Session 2: Drone Image and Video Analysis 

 

 

the previous session, details of payloads are covered whereas this session, delves 

into the analysis of various images and videos captured by drones. 

 

Interpretation of images  

 

This process includes developing In  

methods and tools to analyse visual data, typically in the form of images or videos. 

These techniques enable the extraction of valuable insights, involving tasks such as 

object detection, image classification, and recognition. Let us explore important 

features of visual interpretation using pattern recognition and machine learning 

algorithms: 

 

 

i. Image Pre-processing: Prior to applying machine learning algorithms, it is 

customary to perform image pre-processing to enhance their quality and 

suitability for analysis. This can encompass tasks like resizing, colour 

correction, noise reduction, and standardization. 

 

ii. Feature Extraction: To analyse images effectively, it is essential to extract 

relevant features from them. These features might involve textures, shapes, 

colours, edges, or other visual elements. The specific technique for feature 

extraction can vary depending on the problem and dataset. 

 

iii. Machine Learning Models: Various machine learning algorithms are 

employed in image interpretation, including Convolutional Neural Networks 

(CNNs), Support Vector Machines (SVM), Random Forests and Decision Trees. 

 

iv. Object Detection: Object detection is a computer vision task that identifies 

and locates objects within images or videos using bounding boxes. A critical 

component of image interpretation is the identification and localisation of 

objects within images. Object detection algorithms are used to pinpoint objects 

of interest and draw bounding boxes around them. 

 

v. Image Classification: This task revolves around assigning a label or category 

to an entire image based on its content. For example, determining whether an 

image contains a cat or a dog (Figure 3.3). 
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vi. Semantic Segmentation: In this process, each pixel in an image is classified 

and assigned to a specific class. It is commonly used for purposes like 

identifying objects and outlining their boundaries in medical imaging or 

autonomous driving. 

vii. Pattern Recognition: It involves identifying regularities in image data. This is 

used for tasks like facial recognition and tracking objects. Drones analyse 

patterns to navigate, detect targets, or recognize specific features in their 

environment. 

 

Image interpretation boasts an extensive range of applications such as, 

spanning autonomous vehicles for obstacle detection and road analysis, 

healthcare for medical image analysis and disease diagnosis, security and 

surveillance for facial recognition, object tracking, and anomaly detection, and 

natural language understanding, where images are interpreted to generate 

textual descriptions (image captioning). 

 

Image interpretation presents challenges due to factors like variations in 

lighting, perspective, occlusions, and more. The annotation of large datasets 

for training can be resource-intensive, necessitating the development of robust 

models capable of handling real-world conditions. 

 

Video interpretation 

 

Using drones for video interpretation, particularly in tasks like anomaly detection 

and crowd monitoring, represents a valuable application of technology. Drones 

equipped with cameras and sensors are adept at capturing video data from various 

angles, making them highly suitable for roles in surveillance, security, and a range 

of other applications. Drones are used for video analysis in tasks like spotting events 

and monitoring crowds. They help detect anomalies and keep track of large groups 

of people. Let us understand in detail: 

Figure 3.3: Stages of Image processing 
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i. Object Detection: Drones can be outfitted with object detection algorithms 

like YOLO (You Only Look Once), enabling them to identify and pinpoint 

specific objects or anomalies in the video feed. Anomalies may encompass 

unauthorized individuals, suspicious objects, or unexpected behaviours. 

 

ii. Geo-fencing: Drones can be programmed with geo-fencing capabilities to 

monitor predefined areas. Any breaches or unauthorized entries into these 

areas can be detected and reported. 

 

iii. Thermal Imaging: Drones can employ thermal cameras to detect anomalies 

not noticeable in regular RGB imagery. This proves especially useful for 

identifying heat signatures in low-light conditions or obscured environments. 

 

Video Analysis for Crowd Detection and Monitoring: 

 

i. Crowd Counting: Crowd counting with drones involves using aerial footage 

and image processing to estimate the number of people in a crowd, helping 

with crowd management and safety. Drones can utilize computer vision 

algorithms to estimate crowd size and density at various events, protests, or 

public gatherings. This information is invaluable for event organizers, law 

enforcement, and emergency response teams. 

 

ii. Safety Monitoring: Drones equipped with cameras can oversee crowds for 

safety concerns, such as pinpointing overcrowded areas or identifying 

individuals in distress. This is crucial for ensuring the well-being of people in 

large-scale events. 

 

iii. Behavioural Analysis: Drones can scrutinize crowd behaviour to detect 

unusual or potentially hazardous activities, such as altercations or 

stampedes. Detection of such behaviours can trigger alerts for timely 

intervention. 

 

iv. Search and Rescue: In search and rescue missions, drones can be deployed 

to detect and locate individuals or groups in remote or disaster-stricken 

regions. Video interpretation assists in identifying survivors or those requiring 

assistance. 

 

v. Real-time Monitoring: Drones offer real-time video feeds to command 

centres, where human operators or AI systems can continuously monitor 

events and take necessary actions. 
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Challenges: 

 

Data Transmission: Transmitting high-quality video data from drones to a remote 

location can be demanding, particularly in remote regions or during adverse weather 

conditions. The establishment of robust communication systems is critical. 

 

Privacy Concerns: The use of camera-equipped drones raises privacy concerns. 

Clear regulations and guidelines are essential to address these issues and safeguard 

individual’s privacy. 

 

Battery Life: Drones have limitations in terms of flight duration due to battery 

constraints. Enhancing flight time and optimizing power consumption are pivotal for 

continuous monitoring. 

 

Weather Conditions: Unfavourable weather conditions, such as strong winds, rain, 

or fog, can affect a drone's ability to capture and interpret video data effectively. 

 

 

Activities 

 

 

Activity 1: Interpretation of drone-captured visuals 

 

Materials Required: 

 

• Samples of drone-captured images and videos 

• Computer/laptop with analysis software (e.g., GIS software, photo-editing 

tools) 

• Projector or large display for demonstrations 

• Notepads and pens for students 

• Internet access (optional, for additional resources) 

• Reference materials or case studies for real-world applications 

 

Procedure: 

• Outline the objectives and what students should learn from the activity 

• Distribute or display drone-captured images and videos. 

• Provide context for each sample and highlight what to focus on during the 

analysis. 

• Teach techniques such as scale analysis, colour analysis, and pattern 

recognition. 

• Show examples of how these techniques are applied using a projector or 

display. 

• Present case studies that showcase drone imagery applications in fields like 

agriculture and disaster response. 
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• Engage students in discussing how drone imagery impacts decision-making 

in these areas. 

• Guide students through a hands-on analysis using provided software tools. 

• Encourage students to explore different ways of interpreting visuals. 

• Divide students into small groups to discuss their findings and share 

interpretations. 

• Promote collaborative feedback and collective learning. 

 

Activity 2: Data analysis and visualization using drone-captured imagery 

 

Materials Required: 

 

• Datasets of drone-captured images and videos 

• Computers/laptops with data analysis and visualization software (e.g., 

Python with Open CV, GIS software, or specialized visualization tools) 

• Projector or screen for demonstrations 

• Reference guides or tutorials for the software 

• Notepads and pens for students to take notes 

 

Procedure: 

• Start by explaining the importance of data analysis and visualization for 

interpreting drone-captured imagery. 

• Discuss real-world applications such as urban planning, environmental 

monitoring, and agriculture. 

• Introduce image and video pre-processing steps, including filtering, resizing, 

and noise reduction. 

• Demonstrate these techniques using sample images. 

• Present different analysis methods, such as object detection, segmentation, 

and classification. 

• Show how these methods help extract to meaningful information from drone 

data. 

• Introduce visualization tools and techniques to create maps, charts, and 

annotated images. 

• Demonstrate how to use these tools effectively to present findings clearly. 

• Guide students through using the software to analyse sample data. 

• Provide step-by-step instructions for applying techniques like object 

detection and generating visual outputs. 

• Encourage students to experiment with different visualization styles. 

• Provide resources or suggest further learning opportunities to deepen their 

understanding. 
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Check Your Progress 
 

 

A. Multiple Choice Questions  

 

1. What is the primary purpose of image pre-processing in drone-captured visuals? 

a) Increase image brightness 

b) Enhance image quality and prepare for analysis 

c) Convert images to black and white 

d) Reduce the number of pixels 

 

2. What is semantic segmentation primarily used for in image analysis? 

a) Counting objects in an image 

b) Classifying entire images into categories 

c) Assigning each pixel in an image to a specific class 

d) Changing the image resolution 

 

3. What is the role of drones in crowd monitoring at large events? 

a) Increasing the speed of attendees entering 

b) Counting attendees and monitoring for safety 

c) Creating aerial advertisements 

d) Enhancing lighting for nighttime events 

 

4. What type of imaging is particularly useful for detecting heat signatures in low-

light or obscured environments? 

a) Multispectral Imaging 

b) RGB Imaging 

c) Thermal Imaging 

d) Panoramic Imaging 

 

5. Which challenge can significantly impact the quality of video data transmission 

from drones? 

a) The colour of the drone 

b) Unfavourable weather conditions 

c) The height of the flight path 

d) The weight of the payload 

 

6. In search and rescue operations, how do drones primarily assist in locating 

individuals? 

a) By using sonar technology 

b) Through video interpretation and pattern recognition 

c) By releasing beacons 

d) Using loudspeakers to call out 
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7. What privacy concern is associated with using drones for video monitoring? 

a) Drones interfering with wildlife 

b) Limited battery life 

c) Unauthorized capturing of individuals' activities 

d) High altitude flight restrictions 

 

8. Why is real-time monitoring by drones crucial in safety and surveillance? 

a) It allows for immediate response and intervention when necessary 

b) It reduces the number of on-ground security staff 

c) It improves the aesthetic of the event 

d) It provides clear night vision without infrared 

 

9. What is a significant drawback of drone battery life during video monitoring 

missions? 

a) It restricts the drone's speed 

b) It limits the duration of continuous monitoring 

c) It affects the video resolution 

d) It causes overheating of the drone camera 
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Module 4 

               Aerodynamics and 

Configuration of Multirotor Drones 

 

 

 

Module Overview 
 

     

 The module aerodynamics and configuration of multirotor drones provides an in 

depth exploration of the principles and practices essential for the effective operation 

and maintenance of multirotor drones.  

 

Session 1 covers the aerodynamics and flight principles of drones, focusing on lift, 

thrust, drag, and weight. Students learn how these forces affect drone stability and 

manoeuvrability.  

 

Session 2 explores different multirotor drone configurations and how design impacts 

performance for specific tasks.  

 

In session 3, maintenance procedures are discussed, including regular inspections, 

component replacements, and troubleshooting. This session combines theory and 

practical skills to optimize drone performance and ensure safe operation. 

 

 

Learning Outcomes  
 

  

After completing this module, you will be able to: 

● Define the significance of aerodynamic forces (lift, thrust, weight, drag)  

● Demonstrate the application for stable and efficient drone flight. 

● Identify different flight modes (manual, stabilized, GPS-assisted, autonomous) 

based on operational needs. 

● Describe the importance of regular drone maintenance and develop practical 

skills in basic tasks such as cleaning, propeller replacement, and pre-flight 

checks. 

● Demonstrate maintenance procedures for calibration, troubleshooting, and 

optimizing drone performance. 
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Module Structure 

 

Session 1: Aerodynamic and Flight Principles in Drone Operation 

 

Session 2: Configuration of Multirotor Drone 

 

Session 3: Procedures Adopted for Maintenance of Multirotor Drone 

 

 

Session 1: Aerodynamic and Flight Principles in Drone 

Operation 

 

 

This session explores the fundamental aerodynamic and flight principles that governs 

drone operation. Understanding these principles is essential for ensuring stable and 

efficient flight, as they dictate how drones interact with the environment. The four 

primary aerodynamic forces lift, thrust, weight, and drag play crucial roles in flight 

dynamics. Different flight modes also impact drone performance and manoeuvrability.  

 

Mastery of these concepts enhances effective and safe drone operation in various 

conditions. Let us understand with an example. In a quiet village, a teenager watched 

birds flying and got an idea to make a flying toy figure 4.1. He made the toy with 

wings to lift it, propellers to make it go forward, and a smooth shape so it could glide 

easily. When he tried it out, the toy flew nicely, just like the birds figure 4.2.  

 

People from the village came to see the toy. He was thrilled that his creation 

demonstrated how people and nature can collaborate to achieve remarkable things. 

It was a simple toy, but it made the sky look even more awesome. Now this toy can be 

called as micro drone. Isn't it fascinating to fly a drone in the sky? 

 

For operating the drone let us understand the basic aerodynamic principle of 

aerodynamic. Operating a drone in the sky can be a fascinating experience. To 

understand the basics of aerodynamics for drone operation, let's break it down. 

 

Firstly, just imagine about the drone's wings or propellers. These are like the wings of 

a bird but designed differently. When the propellers spin, they create lift, which is the 

force that makes the drone go up into the air. It is the same force that keeps birds 

soaring. 

 

Just like a car needs an engine to move forward, a drone needs propellers to push it 

through the air. This is called thrust. The faster the propellers spin, the more thrust 

the drone gets, allowing it to move in different directions. 
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When the drone moves through the air, it encounters resistance. This is known as 

drag. Drag is the resistance force that opposes an object's motion through a fluid, 

such as air, slowing it down. In drones, drag affects flight efficiency and speed. To 

minimize this resistance, the drone is designed to be aerodynamic, meaning it can 

move through the air smoothly. Less drag makes it easier for the drone to fly and 

manoeuvre. 

 

The force that pulls everything down to the ground is called gravity. To overcome, this 

gravity, the lift generated by the propellers needs to be stronger than the force pulling 

the drone down. 

 

When operating a drone, these forces lift, thrust, drag, and gravity are being 

managed. Understanding these aerodynamic principles helps to control the drone for 

an enjoyable aerial experience. 

Figure 4.1: A villager watching a drone 

Figure 4.2: Villager flying a toy 
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Multirotor drones utilize the aerodynamic principles of rotating propellers to achieve 

flight. The rotation of these propellers generates upward thrust, effectively 

counteracting the force of gravity and providing the necessary lift for flight. By 

adjusting the speeds of individual propellers, control in pitch, roll, and yaw can be 

achieved, allowing for precise manoeuvrability. Efficient aerodynamics play a critical 

role in ensuring stability, manoeuvrability, and optimal performance across various 

applications. 

 

Aerodynamic forces (lift, thrust, drag, weight)    

 

Drones utilize fundamental principles of aerodynamics and flight to operate 

effectively. These principles include the following key elements: 

 

i. Lift: Lift is the upward force that counteracts gravity and allows the drone to 

become airborne. It is typically generated through the rotation of rotors (in the 

case of multirotor) or the shape of wings (for fixed-wing drones figure 4.3). 

 

 
Figure 4.3: Aerodynamic forces on flying bird 

 
ii. Thrust: Thrust is the forward force that propels the drone through the air. 

Multirotor employ propellers, while fixed-wing drones rely on engines or 

motors to produce thrust, determining the drone's direction of motion. 

 

iii. Weight: Weight is the force exerted by gravity on the drone, encompassing its 

frame, batteries, sensors, and any additional payloads. Lift must surpass this 

weight to keep the drone airborne. 

 

iv. Drag: Drag represents the air resistance opposing the drone's forward 

movement. Minimizing drag is crucial for efficient flight and is achieved 

through design features like streamlined shapes and propeller guards. 
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v. Control Surfaces and stability: Drones incorporate control surfaces or 

mechanisms that allow pilots to adjust the drone's orientation and direction. 

Multirotor use control algorithms to adjust the drone's orientation and 

direction. 

 

vi. Gyroscopes and Accelerometers: These sensors measure the drone's 

orientation and acceleration, providing essential data for stabilizing the drone 

and maintaining level flight. 

 

vii. Flight Controllers: Flight controllers are electronic components that interpret 

sensor data, regulate motor or engine outputs, and ensure the drone remains 

stable and follows the desired flight path. 

 

viii. Autonomous Flight Systems: Many drones are equipped with GPS and other 

sensors to enable autonomous flight. These systems enable tasks such as 

maintaining position, following predefined flight paths, and returning to a 

specified home point. 

 

ix. Batteries and Power Systems: Drones rely on batteries or other power 

sources to provide energy for propulsion, control systems, and on-board 

electronics. The choice of power source directly affects flight duration and 

performance. 

 

x. Aerodynamic Stability: Drones are designed to be aerodynamically stable, 

meaning they can maintain their orientation and stability without constant 

manual input, crucial for safe and controlled flight. 

 

xi. Remote Control or Autopilot: Drones can be operated manually through 

remote control or autonomously by following pre-programmed flight plans. 

Remote pilots use transmitters to control the drone, while autonomous drones 

execute instructions from on-board software or ground control stations. 

 

Control surfaces and stability  
 

Control surfaces are essential for adjusting a drone's flight direction, while stability 

ensures smooth, controlled movement during operation. These are: 

 

i. Pitch: It refers to the rotation around the lateral axis, causing the drone to tilt 

forward or backward. Pitch control is achieved by varying the speed of the 

propellers on the front and rear of the drone. Tilting forward increases forward 

motion, while tilting backward moves the drone backward. Pitch control is 

essential for manoeuvring and maintaining stability. 

 

ii. Roll: Roll refers to the rotation of a drone around its longitudinal axis. It 

involves tilting to the left or right. Roll control is achieved by varying the thrust 
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of opposing rotors on multirotor. Roll stability is crucial for banking and 

making coordinated turns. 

 

iii. Yaw: Yaw in multirotor drone refers to the rotation around the vertical axis, 

allowing the drone to change its orientation or direction horizontally Rotor or 

propeller speed is controlled by varying the clockwise or counter clockwise 

rotation of the rotors. During flight, this rotational movement is essential for 

steering, changing heading, and enhancing manoeuvrability (Figure 4.4). 

 

 
Figure 4.4 Aerodynamic motions of drone 

Flight Modes 

 

Flight modes are different settings in drones that adjust control parameters, allowing 

pilots to optimize performance for specific tasks or conditions. These are: 

 

Manual Mode: In manual mode, the drone is entirely controlled by the pilot through 

a remote control transmitter. The pilot has direct control over throttle, pitch, roll, and 

yaw. This mode is often used for acrobatic manoeuvres and requires the pilot to 

maintain stability and control. 

 

Stabilized Mode: Stabilized mode, also known as self-levelling mode which assists 

the pilot in maintaining a stable flight. When the pilot releases the control sticks, the 

drone automatically levels itself. It helps novice pilots by preventing extreme tilting or 

rolling, making it easier to fly. 

 

GPS-Assisted Mode: This mode utilizes GPS technology to enhance the drone's 

stability and control. It enables features like position holding, return-to-home, and 

waypoint navigation. With GPS assistance, the drone can maintain a fixed position, 

even in the presence of wind, and return to a predefined home point automatically. 
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Autonomous Mode: This mode enables the drone to operate without direct input from 

the pilot. This mode is common in commercial and professional drones. It allows the 

drone to follow predefined flight paths, execute specific tasks (e.g., aerial mapping, 

surveillance), and perform actions like take-off, landing, and waypoint navigation 

without continuous pilot intervention. 

 

Other Specialized Modes: Some drones offer additional flight modes tailored to 

specific tasks, such as follow-me mode (where the drone autonomously tracks a 

moving object), obstacle avoidance mode, or precision landing mode. 

 

The selection of a flight mode depends on the pilot's skill level and the intended 

purpose of the flight. Beginners may find stabilized and GPS-assisted modes, 

beneficial for added stability and safety, while experienced pilots may opt for manual 

mode for more precise control. Professional users often rely on autonomous modes 

for intricate missions and data collection. Understanding and appropriately choosing 

the suitable flight mode is vital for successful drone operations. 

 

Activities 

 

 
Activity 1: Aerodynamics in drone flight 

 

Materials Required: 

 

• Whiteboard or chart for visual explanations 

• Small multirotor drone 

• Propellers for the drone 

 

Procedure: 

• Introduce the principles of lift, thrust, drag, and weight using a whiteboard 

or chart, explaining their relevance to drone flight. 

• Fly the multirotor drone and demonstrate how changes in rotor speed impact 

the drone's ascent, descent, and horizontal movement, highlighting the 

relationship between rotor speed and flight stability. 

• Conclude with a summary of the key aerodynamic concepts, emphasizing 

their importance for drone performance. 

 

Activity 2: Exploring drone flight modes 

 

Materials Required: 

• Multirotor drones with various flight modes 

• Remote control (transmitter) 

• Drone batteries 
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• Flight space (indoor or outdoor) 

• Markers or cones to define flight area (optional) 
 

Procedure: 
 

• Introduce participants to common drone flight modes: manual, stabilized, 

GPS-assisted, and autonomous. 

• Discuss the purpose, features, and benefits of each mode. 

• Fly a drone in each mode, demonstrating how control responsiveness and 

stability differ. 

• Explain the scenarios in which each mode is best suited, such as manual for 

expert control and GPS-assisted for stability in outdoor environments. 

• Allow participants to fly the drone in each mode, starting with stabilized 

mode for easier control. 

• Gradually introduce more complex modes, guiding participants as they 

observe changes in drone behaviour. 

• Engage participants in discussing their experiences and the differences 

observed between flight modes. 

• Offer guidance on selecting the appropriate mode based on flying conditions 

and objectives. 

• Summarize key insights from the session, emphasizing the importance of 

understanding flight modes for effective drone operation. 

 

 

Check Your Progress 

 

 

A. Multiple Choice Questions 
 

1. What is the primary role of lift in drone flight? 

a) To move the drone forward 

b) To keep the drone stable 

c) To counteract gravity and keep the drone airborne 

d) To reduce air resistance 

 

2. Which of the following forces is responsible for pulling a drone towards the 

ground? 

a) Thrust 

b) Lift 

c) Weight 

d) Drag 
 

3. How do propellers generate thrust in a drone? 

a) By creating upward force to counteract gravity 

b) By pushing the drone through the air in a forward direction 
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c) By reducing air resistance 

d) By controlling the orientation of the drone 

 

4. In which flight mode does the drone automatically level itself when the control 

sticks are released? 

a) Manual Mode 

b) Stabilized Mode 

c) GPS-Assisted Mode 

d) Autonomous Mode 

 

5. Which aerodynamic principle is responsible for reducing air resistance on a 

drone? 

a) Lift 

b) Thrust 

c) Drag 

d) Control surfaces 

 

6. What feature does GPS-Assisted Mode provide to improve drone stability? 

a) It allows for manual control of the drone’s orientation. 

b) It uses GPS to maintain a fixed position and return home automatically. 

c) It reduces the speed of the propellers for stability. 

d) It limits the drone’s flight altitude. 

 

7. What is the purpose of control surfaces on a drone? 

a) To generate thrust for flight 

b) To provide stability and help adjust the drone’s orientation 

c) To reduce drag 

d) To control the drone’s battery life 

 

8. Which sensor helps maintain stability and level flight in a drone by measuring its 

orientation and acceleration? 

a) GPS 

b) Gyroscope 

c) Propeller 

d) Accelerometer 

 

9. In manual mode, what level of control does the pilot have over the drone? 

a) No control over direction or speed 

b) Full control over throttle, pitch, roll, and yaw 

c) Only limited control for stabilization 

d) Autonomous control with minimal input 
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10. Which of the following flight modes would be most useful for a drone to 

autonomously follow a moving object? 

a) Stabilized Mode 

b) GPS-Assisted Mode 

c) Follow-Me Mode 

d) Autonomous Mode 

 

 

Session 2: Configuration of Multirotor Drone 
 

 

The configuration of a multirotor drone refers to its design, including the number and 

arrangement of rotors, which influences stability, manoeuvrability, and performance. 

Multirotor drone configurations can be designed to include features like thrust 

vectoring and differential thrust, which enhance their control and manoeuvring 

capabilities: 

 

Thrust Vectoring 

 

Thrust vectoring involves the ability to change the direction of the thrust generated 

by the drone's rotors. This can be accomplished by tilting the rotors or by employing 

mechanisms that adjust the thrust's orientation. In a thrust vectoring setup, the 

rotors may be mounted on movable gimbals or arms that enable them to pivot or tilt 

in different directions. By altering the rotor orientation, the drone gains the capability 

to exert force in specific directions. This empowers the drone to perform intricate 

manoeuvres, including pitch, roll, and yaw control, without solely relying on changes 

in rotor speed. Thrust vectoring enhances the drone's agility, making it more 

responsive and proficient at executing rapid and precise movements (Figure 4.4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4: Drone carrying payload(L) Drone without payload (R) 
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Differential Thrust 

 

It is also known as yaw control or differential. Motor speed, involves adjusting the 

speed of the drone's rotors on one side differently from the other side. This variance 

in rotor speed creates a torque that alters the drone's yaw orientation. In a four-rotor 

multirotor, for instance, increasing the rotor speed on one side while decreasing it on 

the other side causes the drone to yaw in the direction of the increased thrust.  

 

Differential thrust is a valuable method for controlling the drone's heading or yaw 

without affecting its pitch or roll, making it essential for maintaining stable and 

controlled flight. This technique is especially handy for multirotor drones that lack a 

dedicated yaw control surface, which is a common feature in fixed-wing aircraft.  

 

The combination of thrust vectoring and differential thrust capabilities provides 

multirotor drones with advanced control options. These features are frequently 

integrated into high-performance drones used for activities like aerobatics, precision 

photography, and specialized missions. Through adjustments in thrust vector and 

rotor speed differentials, drone pilots gain greater control over the drone's orientation 

and movement, resulting in more versatile and capable flight capabilities. 

 

 

Activities 

 

 

Activity 1: Yaw and Pitch control using thrust vectoring 

 

Materials Required: 

 

• Multirotor drone with thrust vectoring capabilities 

• Remote controller 

• Outdoor safe flying location 

• Safety gear (e.g., goggles, gloves) 

• Drone inspection tools (if necessary) 

 

Procedure: 

 

• Select a safe outdoor location for flying. 

• Inspect the drone to ensure it's in good working condition (check propellers, 

battery, and sensors). 

• Review safety protocols and ensure participants are familiar with drone 

operation rules. 

• The instructor explains thrust vectoring, focusing on how adjusting the 

direction of thrust from the drone’s propellers affects its yaw and pitch. 
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• The drone is flown at a low altitude, and yaw control is demonstrated by 

rotating the drone clockwise and counter clockwise using thrust vectoring. 

This shows how thrust direction affects yaw orientation. 

• The instructor demonstrates pitch control by flying the drone forward and 

backward, adjusting the pitch angle through thrust vectoring to illustrate 

how it affects the drone’s motion. 

• The drone is flown through coordinated manoeuvres, such as banking turns, 

demonstrating how both yaw and pitch can be controlled simultaneously for 

precise flight. 

 

 

Check Your Progress 
 

 

A. Multiple Choice Questions  

 

1. What is thrust vectoring in a multirotor drone?  

a) The ability to control altitude 

b) The ability to change the direction of the thrust generated by the rotors 

c) The ability to adjust the drone's battery power 

d) The ability to control the drone's yaw using rotor speed differences 

 

2. What is the main advantage of thrust vectoring in drone flight?  

a) It allows for longer flight times 

b) It improves the drone's ability to perform rapid and precise manoeuvres 

c) It increases the drone's payload capacity 

d) It reduces drag during flight 

 

3. How does differential thrust control yaw in a multirotor drone?  

a) By adjusting the speed of all the rotors equally 

b) By increasing or decreasing the speed of rotors on opposite sides 

c) By adjusting the pitch and roll control surfaces 

d) By changing the drone's altitude 

 

4. What is the primary benefit of using differential thrust in a drone?  

a) It increases battery life 

b) It allows for fine control of the drone's yaw without a dedicated control-surface 

c) It improves the drone's speed and range 

d) It enhances the drone's payload capacity 

 

5. Which type of drone configuration commonly utilizes thrust vectoring and 

differential thrust for enhanced control? a) Fixed-wing drones 

b) Multirotor drones 

c) Glider drones 

d) Hybrid drones 
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6. How does thrust vectoring contribute to a drone’s agility?  

a) By reducing weight 

b) By allowing for more responsive and rapid movements in multiple directions 

c) By increasing battery life 

d) By making the drone more aerodynamic 

 

7. In which scenario would differential thrust be particularly useful in multirotor 

drones?  

a) When the drone is flying at very high altitudes 

b) During high-speed aerial manoeuvres without a dedicated yaw control surface 

c) For long-duration flights 

d) To increase the drone's payload capacity 

 

8. What is the relationship between differential thrust and the drone's yaw 

orientation?  

a) The difference in rotor speeds creates torque, altering the yaw orientation 

b) Differential thrust controls pitch and roll 

c) Differential thrust adjusts the drone's altitude 

d) Differential thrust helps the drone move in a straight line 

 

9. Which feature allows multirotor drones to perform intricate manoeuvres like 

pitch, roll, and yaw control without solely relying on changes in rotor speed?  

a) Differential thrust 

b) Thrust vectoring 

c) Autopilot systems 

d) Flight controllers 

 

10. Why are thrust vectoring and differential thrust important in high-performance 

drones?  

a) They help in long-range flights 

b) They enable precise control for aerobatics, photography, and specialized missions 

c) They increase the drone's weight capacity 

d) They improve the drone's resistance to wind 

 

 

Session 3: Procedure Adopted for Maintenance of Multirotor 

                Drone 

 

 

In the previous session, understanding of the configuration of multirotor drone and 

its operational setup was discussed. In this session, focus is on the procedures 

adopted for the maintenance of multirotor drones, ensuring their longevity and 

optimal performance. 
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Routine maintenance tasks  

 

Regular maintenance is a fundamental aspect of keeping drones in a safe and 

operational condition. This involves a set of tasks that should be performed on a 

regular basis to maintain the drone's performance and safety. Here are some common 

routine maintenance tasks for drones: 

 

Cleaning 

 

i. Regularly clean the drone's exterior, including the frame, motors, and 

propellers. 

ii. Use a soft brush or compressed air to remove any accumulated dust, dirt, or 

debris on the drone's surfaces. 

iii. If the drone has a camera, gently clean its lens with a microfiber cloth to ensure 

clear and unobstructed visuals. 

 

Lubrication 

 

i. Apply lubrication to moving parts, like gimbals or hinges, as per the 

manufacturer's recommendations.  

ii. Ensure not to over-lubricate, as excess lubrication can attract particles and 

impurities. 

 

Propeller Replacement 

 

i. Inspect the propellers for any signs of damage or wear and replace them if you 

notice cracks, nicks, or deformations. 

ii. Make sure to install the appropriate propellers in accordance with the 

manufacturer's guidelines, as different propellers may have specific rotation 

directions. 

 

Motor Maintenance: 

 

i. Check the motors for loose screws or connections, making sure they are 

securely fastened to the frame. 

ii. Pay attention to any unusual noises or vibrations when the motors are 

running, as these could be indicators of mechanical issues that require 

attention. 

 

Pre-flight Checks: 

 

i. Perform a pre-flight inspection before every flight to confirm that the drone is 

ready and safe for operation: 

ii. Ensure that the battery is adequately charged and correctly connected. 

iii. Verify that all components, including propellers and sensors, are securely 

attached. 
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iv. Confirm that the drone's firmware and software are up-to-date and install any 

available updates. 

v. Evaluate the functionality of the remote control. 

vi. Check for proper GPS and compass connectivity if the drone uses these 

features. 

vii. Assess the suitability of the flight area, ensuring it is free from obstacles or 

potential hazards. 

viii. If required by the manufacturer's instructions, conduct a compass calibration. 

 

Post-flight Checks: 

 

i. Following each flight, inspect the drone for any signs of damage, such as 

propeller issues, frame dents, or cracks. 

ii. If the drone was exposed to dust, dirt, or environmental contaminants during 

the flight, perform a thorough cleaning. 

iii. Download and review drone flight logs and data to check for any irregularities 

or error messages that might indicate problems during the flight. 

iv. Store the drone and its components in a secure and protective environment. 

v. Regular maintenance is indispensable for prolonging the drone's lifespan, 

ensuring safe flights, and preserving optimal performance. Adhering to the 

manufacturer's maintenance recommendations and guidelines is vital to 

prevent problems and accidents during drone operation. 

 

Storage of drones 

 

Storing drones correctly is crucial to safeguard it from harm, uphold its performance, 

and guarantee its durability. Here are some key factors to be considered while storing 

drone: 

 

i. Drone Cleaning: Before putting drone into storage, make certain that it is free 

from dirt, dust, and debris. Employ a soft brush, compressed air, or a 

microfiber cloth to eliminate any contaminants from the drone's exterior, 

motors, and propellers. Don’t use water while cleaning drones. 

 

ii. Battery Care: Drones often employ LiPo (Lithium-Polymer) batteries, which 

necessitate specific handling. Extended storage for drone it is advisable to 

partially discharge the batteries to around 50% of their capacity. It is best to 

avoid storing LiPo batteries while they are fully charged or fully depleted, as 

this can lead to reduced battery life. Store these batteries in a cool, dry 

location, away from direct sunlight. 

 

iii. Propeller Removal: Consider removing the propellers from drone during 

storage. This action mitigates the risk of unintended engagement and reduces 

the strain on the motor shafts over an extended period. 
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iv. Temperature and Humidity: Prefer for a storage environment that is cool and 

dry to prevent exposure to extreme temperatures and humidity. Shield drone 

from direct sunlight and heat sources that can potentially harm sensitive 

components. 

 

v. Battery Safety: For LiPo batteries, it is prudent to store them in a fireproof 

LiPo bag or a specialized battery container designed for safe battery storage. 

These precautions are essential to confine any potential fire risk in case of 

battery malfunctions. 

 

vi. Protective Case or Bag: Invest in a suitable storage case or bag for drone. A 

case that incorporates custom foam inserts offers an added layer of protection 

and organization for drone, accessories, and spare components. 

 
vii. Camera and Gimbal: When a drone has a camera and gimbal, protect these 

components using lens caps, stabilizers, or other protective measures. 

 

viii. Firmware Updates: Before resuming drone usage after an extended period of 

storage, verify if there are any firmware updates available and ensure that 

drone's software is current. 

 

ix. Regular Inspections: Periodically examine stored drone for any indications of 

damage, corrosion, or wear and tear. If any issues be observed, it is important 

to address them without delay. 

 

x. Anti-static Measures: For sensitive electronic components like remote 

controllers and spare parts, mull over storing them in anti-static bags to shield 

against electrostatic discharge. 

 

xi. Insect and rodent Control: Guarantee that the storage area remains free from 

pests that could potentially harm your drone. Implement appropriate 

measures to deter insects or rodents. 

 

xii. Manuals and Documentation: Keep the drone's manuals, documentation, 

and important information in a secure and easily accessible location for future 

reference. 

 

By adhering to these storage recommendations, drone's condition and readiness for 

subsequent flight can be preserved. Proper storage practices serve to prolong the life 

of the equipment and lower the risk of damage or malfunctions. 
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Advanced maintenance  

 

Calibration 

 

i. Sensor Calibration: Drones, particularly those equipped with sensors like 

GPS, may need calibration. This includes calibrating the compass for accurate 

heading data and the IMU (Inertial Measurement Unit) for precise orientation 

measurements. Follow the manufacturer's instructions for proper calibration 

procedures. 

 

ii. Gimbal Calibration: Drones with gimbals and cameras may require calibration 

to ensure the camera's horizon remains level, ensuring smooth video and photo 

capture. 

 

Component Replacement 

 

i. Motor Replacement: Over time, drone motors can wear out or become 

damaged. Replacing motors involves disassembling the drone, de-soldering the 

old motor, and soldering a new one in place. This task may demand advanced 

soldering skills. 

 

ii. Propeller Replacement: Although routine, propeller replacement is 

considered advanced maintenance due to the need for meticulous balancing 

to ensure optimal performance. 

 

iii. ESC Replacement: ESCs can fail or get damaged. Replacing ESCs involves 

soldering and programming, making it an advanced task. 

 

iv. Flight Controller Replacement: When faced with flight controller failure or 

an upgrade, replacing it may require advanced soldering and reconfiguring the 

drone. 

v. Camera and Gimbal Maintenance: Maintaining cameras and gimbals can 

entail advanced tasks such as lens replacement or sensor cleaning. Care 

should be taken when dismantling these components to prevent damage. 

 

vi. Firmware and Software Updates: To ensure that the drone functions with the 

latest features, enhancements, and security updates, it is important to update 

the drone's firmware and software on a regular basis. Always adhere to the 

manufacturer's guidelines for updating. 

 

vii. Troubleshooting and Diagnosis: Advanced maintenance often involves 

diagnosing and troubleshooting issues like connectivity problems, erratic 

behaviour, or performance degradation. Employing diagnostic tools and multi-

meters to identify and resolve electronic and mechanical issues is a common 

part of this process. 
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viii. Performance Optimization: Fine-tuning the drone's flight characteristics, 

including adjustment of PID (Proportional-Integral-Derivative) settings in the 

flight controller, can optimize its performance for specific tasks or conditions. 

 

ix. Customization: Advanced users might opt for customizing their drones with 

third-party components or modifications to enhance performance, range, or 

capabilities. This may require installing aftermarket parts and altering the 

drone's configuration. 

 

x. Component Repairs: Advanced maintenance may involve repairing 

components like soldering wires or connectors. Understanding your drone 

model, using proper tools, and following safety guidelines is crucial. Seek 

expert help if unsure about any task. 

 

Activities 

 

 

Activity 1: Multirotor drone maintenance and safety procedures 

 

Materials Required: 

 

• Multirotor drone 

• Propeller replacement tools 

• Cleaning tools (e.g., microfiber cloth, compressed air can) 

• Battery charger and charging station 

• Calibration equipment (e.g., calibration stand or flat surface) 

• Firmware update tools (e.g., laptop, USB cables) 

• Inspection tools (e.g., screwdriver, visual inspection tools) 

• Safety gear (e.g., gloves, goggles) 

 

Procedure: 

 

1. Introduction to Drone Maintenance: 

• The instructor begins by explaining the importance of regular drone 

maintenance for preventing major issues, ensuring longevity, and 

enhancing flight safety.  

• Participants are informed about the role of proper maintenance in 

optimizing performance. 

 

2. Pre-flight Inspection: 

• Demonstrate how to visually inspect the drone for any visible damage 

(e.g., cracks, wear). 

• Guide participants in checking the propellers for cracks, chips, or 

signs of wear, and how to replace damaged propellers safely. 
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• Inspect structural components (e.g., arms, landing gear) for any 

deformities or stress points. 

 

3. Cleaning and Dust Removal: 

• Show how to properly clean the drone’s exterior using microfiber cloths 

and compressed air. 

• Emphasize the importance of cleaning the propellers, air vents, and 

sensors to avoid overheating and maintain aerodynamic efficiency. 

 

4. Battery Maintenance: 

• Demonstrate how to inspect the drone's battery for visible damage, 

such as swelling or leaks. 

• Discuss proper charging procedures, ensuring batteries are charged 

safely and correctly. 

• Review proper storage practices, including storing batteries at the 

correct charge levels and avoiding over-discharging. 

 

5. Propeller Replacement and Balancing: 

• Show the proper technique for replacing propellers using the 

appropriate tools. 

• Ensure that the new propellers are properly balanced to prevent 

imbalanced flight and potential motor strain. 

 

6. Firmware Updates and Calibration: 

• Explain the significance of firmware updates in maintaining software 

compatibility and enhancing drone functionality. 

• Demonstrate the calibration procedure for the drone’s sensors (e.g., 

compass, accelerometer) to ensure accurate readings and smooth flight 

performance. 

 

7. Troubleshooting and Repairs: 

• Discuss common issues that may arise with multirotor drones (e.g., 

motor malfunction, GPS issues, sensor calibration problems). 

• Offer troubleshooting tips for basic repairs and when to seek 

professional assistance for complex issues, such as motor or flight 

controller problems. 
 

 

Check Your Progress 

 
 

A. Multiple Choice Question 
 

1. Which of the following is the most important routine maintenance task to ensure 

the drone operates safely before every flight? 

a) Lubricating the motor bearings 
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b) Replacing the propellers 

c) Performing a pre-flight inspection 

d) Upgrading the drone's firmware 

 

2. What should be the charge level of LiPo batteries when storing a drone for a 

prolonged period to maximize battery life? 

a) Fully charged 

b) Completely drained 

c) 50% charged 

d) 80% charged 

 

3. What is the primary purpose of conducting a sensor calibration on a multirotor 

drone? 

a) To ensure that the drone's firmware is up-to-date 

b) To calibrate the drone's GPS and compass for accurate flight orientation 

c) To optimize battery life 

d) To clean the drone's motors 

4. Which of the following is NOT recommended when storing your drone in a cool 

and dry environment? 

a) Storing the drone in direct sunlight 

b) Using a protective case or bag 

c) Storing batteries in a fireproof bag 

d) Keeping sensitive electronics in anti-static bags 

 

5. When replacing a drone's propellers, which of the following is a critical step to 

ensure safe and optimal performance? 

a) Ensuring the propellers are replaced in any order 

b) Checking for correct rotation directions and balancing 

c) Lubricating the propellers to reduce friction 

d) Removing the propellers after every flight 

 

6. In the event of a drone's motor malfunction, what maintenance task might be 

required? 

a) Replacing the propellers 

b) Replacing the ESC (Electronic Speed Controller) 

c) Replacing the camera lens 

d) Performing a sensor calibration 

 

7. Which of the following is a key factor when selecting a storage case for your 

drone? 

a) The case should be large enough to fit extra accessories but lightweight 

b) The case should incorporate custom foam inserts to protect components 

c) The case should be made of metal to provide maximum protection 

d) The case should only be used to store the drone's battery 
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8. What is the most effective way to clean the drone’s propellers after a flight in a 

dusty environment? 

a) Using water and a cloth to wipe down the propellers 

b) Using a soft brush or compressed air to remove debris 

c) Submerging the propellers in cleaning solution 

d) Polishing the propellers with metal polish 
 

9. If a drone's camera gimbal is malfunctioning and producing uneven footage, 

which maintenance step is most likely required? 

a) Replacing the drone’s propellers 

b) Performing a gimbal calibration 

c) Checking the motor connections 

d) Replacing the drone’s battery 

 

10. Which of the following would be considered an advanced maintenance task for a 

multirotor drone? 

a) Cleaning the drone’s exterior 

b) Replacing the motor or flight controller 

c) Performing a pre-flight check 

d) Updating the drone’s firmware 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



` 

 

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL 

 

81 
 

Drone Operator- Multirotor - Grade XI  

Module 5 

 

Flying Multirotor Drone on Simulator 

 

 

Module Overview 

 

 

This module, provides a comprehensive understanding of drone flight fundamentals, 

including the essential principles of lift, thrust, drag, and weight through drone 

simulator.  Flying multirotor drone on simulator provides safe, hands-on practice 

and training. 

 

Session 1, focuses on understanding how to securely mount various payloads on 

drones. It covers the types of payloads, mounting techniques, and the impact on flight 

stability and performance. 

 

Session 2, explores methods for processing and analysing images and videos 

captured by drones. It includes techniques for data extraction, anomaly detection, 

and interpreting visual information for different applications. 

 

 

Learning Outcomes  
 

After completing this module, you will be able to:  

 

• Demonstrate flight principles to optimize drone performance. 

• Identify flight modes for various conditions. 

• Explain thrust vectoring, conduct maintenance, and manage emergencies 

using simulation training. 

 

 

Module Structure 

 

 

Session 1: Aerodynamic and Flight Principles in Drone Operation 

 

Session 2: Operation of Drone on Flight Simulator 
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Session 1:  Introduction to Flight Simulator Training 
 

 

A drone flight simulator is computer based software designed to replicate experience 

of flying drone in real life. In a flight simulator, one uses a controller connected to 

the computer in order to control the drone on-screen. 

 

Flight simulator training 

 

Drone flight simulator training is a valuable method for individuals looking to gain 

practical experience and enhance their skills in a controlled and risk-free setting. 

This training approach presents several notable advantages: 

 

i. Virtual Training Environment: Drone flight simulators create a virtual 

environment that closely replicates the real experience of operating a drone. 

Students are engaged in a simulated setting that mimics the visual and 

auditory suggestions of actual drone flight. 

 

ii. Realistic Flight Dynamics and Controls: These simulators are equipped 

with lifelike flight dynamics and controls, including a comprehensive set of 

instruments and switches. Students can interact with these controls to 

operate the drone, much like they would in a real flight. 

 

iii. Skill Development and Training: Drone simulator training is invaluable 

for honing and advancing flight skills, catering to both beginners and 

experienced pilots seeking to elevate their abilities. It provides opportunities 

for repeated practice of various flight manoeuvres and procedures. 

 

iv. Scenario-Based Training: Simulators offer scenario-based training, 

allowing students to practice a wide range of flight scenarios, from 

fundamental take-offs and landings to intricate emergency procedures, 

instrument-based approaches, and adverse weather conditions. 

 

v. Low-Risk Learning: One of the most significant benefits of drone flight 

simulators is the low-risk nature of the training. Students can make errors, 

handle emergencies, and navigate challenging situations without the real-

world consequences associated with accidents or equipment damage. 

 

vi. Performance Evaluation and Feedback: Simulators provide detailed 

performance assessments and feedback. Students can review their training 

sessions and receive constructive critiques to identify areas that require 

improvement. Instructors can monitor progress and customize training 

accordingly. 
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vii. Cost-Effective Training: Drone simulator training is typically more cost-

effective compared to real flight training, as it reduces expenses related to 

fuel, maintenance, and the wear and tear of physical equipment. 

viii. Tailored Learning: Training scenarios can be customized to align with 

specific learning goals, drone models, and proficiency levels. This 

adaptability ensures that Students receive targeted and effective 

instruction. 

ix. Weather and Time Simulation: Simulators enable the emulation of diverse 

weather conditions and times of the day, providing a versatile training 

environment for pilots to gain experience in various scenarios. 

x. Certification Preparation: Drone flight simulator training plays a 

significant role in preparing pilots for various certifications and ratings, 

such as commercial drone operator licenses and specialized drone 

endorsements. 

 

Emergency Procedure Mastery 

 

Simulators are an excellent platform for mastering emergency procedures, 

including equipment failures, adverse conditions, and emergency landings. This 

ensures that drone pilots are well-equipped to handle challenging situations. It 

provides a controlled and in depth learning experience, allowing individuals to 

build and refine their abilities while emphasizing safety and cost-effectiveness. 

 

i. Drone flight simulator 

Drone flight simulators come in various types, each offering unique features 

and advantages. These simulator types cater to different training needs and 

preferences for drone pilots. 

 

ii. Software-Based Simulators: Software-based drone simulators are 

applications that can be installed on a computer or mobile device. These 

simulators use your computer's input devices, such as a keyboard, mouse, 

or dedicated flight controller, to control the drone within a virtual 

environment. 

 

iii. Hardware-Integrated Simulators: Hardware-integrated drone simulators 

typically combine dedicated hardware components with software to create a 

more immersive training experience. They often include a dedicated flight 

controller, a physical transmitter or remote control, and sometimes a screen 

or headset for an engaging display. These simulators offer a closer 

approximation of real flight conditions and are beneficial for pilots preparing 

for specific drone models and applications. 

 

iv. Full-Scale Simulators: Full-scale drone simulators are highly advanced 

systems used for professional drone pilot training and certification 

programs. These simulators mimic the control stations of real drones, 

providing a highly realistic training environment. They are equipped with a 
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replica of the actual drone's control panel and replicate real-world conditions 

and flight dynamics with precision. Full-scale simulators are ideal for 

comprehensive training and certification preparation, often used by 

commercial drone operators, military personnel, and aviation professionals. 

 

v. Virtual Reality Simulators (VRS): Virtual Reality (VR) drone simulators 

offer an immersive experience by using VR headsets to create a three-

dimensional, 360-degree environment. Pilots wear VR goggles to step into a 

virtual cockpit and have a real-time view of their surroundings, enabling a 

high degree of realism and immersion. VRS is particularly beneficial for 

honing drone piloting skills and experiencing complex flight scenarios in a 

visually immersive manner. 

 

vi. Augmented Reality Simulators (ARS): Augmented Reality (AR) drone 

simulators overlay computer-generated images onto the pilot's real-world 

environment using AR glasses or smartphone screens. These simulators 

blend virtual elements with the pilot's actual surroundings, providing a 

unique training experience. ARS can be used for drone piloting practice, 

offering an interactive and augmented view of the flight while retaining a 

connection to the real world. ARS and VRS are emerging technologies that 

offer innovative and interactive training experiences, further expanding the 

options available to drone pilots. 

 
 

Emergency scenarios:  

 

Drones serve as valuable assets in a wide range of emergency situations, offering 

support and assistance in critical contexts. These emergency scenarios involve the 

utilization of drones in the following way: 

 

i. Handling Emergency Procedures: Drone pilots must be prepared to handle 

emergency effectively. Common procedures include initiating a controlled 

landing in case of system failure, activating return-to-home functions, and 

avoiding obstacles. Pilots should follow established safety protocols, remain 

calm, and prioritize securing the drone and minimizing potential risks. 

Regular training on emergency procedures ensures quick and precise 

responses, enhancing operational safety. 

 

ii. Conducting Cross-Country Navigation: Equipped with GPS technology and 

precise mapping capabilities, drones can assist in search and rescue missions 

across vast, remote areas, aiding in the location of missing individuals or 

aircraft. 

 

iii. Performing Instrument Approaches: Drones are capable of conducting 

precise instrument approaches in situations with limited visibility, enabling 

access to locations where conventional aircraft might encounter challenges in 
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safe navigation. This capability is invaluable for emergencies demanding swift 

and accurate responses. 

 

iv. Monitoring Weather Conditions: Drones are deployed to monitor and collect 

data on weather conditions during emergencies such as hurricanes, 

tornadoes, or flooding. This data is pivotal for weather forecasting and 

coordinating relief efforts. 

 

v. Simulating Aircraft System Issues: Drones equipped with advanced 

avionics systems can simulate failures or malfunctions in aircraft systems. 

This enables emergency response teams and pilots to practice responding to 

in-flight emergencies within a controlled and safe environment. 

 

vi. Practicing Crosswind Landings: Drone pilots can engage in simulations and 

training sessions to improve their crosswind landing skills. This is particularly 

valuable in emergency situations where challenging weather conditions 

necessitate precise landing techniques. 

 

vii. Conducting Flight Scenario Simulations: Drones are employed to simulate 

a variety of flight scenarios that may arise during emergency response 

operations. This includes assessing the impact of specific actions or strategies 

in a controlled setting. 

 

Drones, equipped with advanced sensors, cameras, and remote operation 

capabilities, play an indispensable role in emergency contexts. Drone simulators 

provide a flexible and economical approach to address, handle, and alleviate 

emergencies across various fields. 

 

Activities 

 

 

Activity 1: Emergency scenario training with drone simulators 

 

Materials Required: 

 

• Drone simulator software 

• Flight controllers or transmitters 

• Computers or simulation hardware 

 

Procedure: 

 

• Introduce common emergency situations and review safety protocols. 

• Set up and familiarize students with the simulator software and equipment. 
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• Practice emergency procedures in small groups, navigate scenarios, and 

troubleshoot collaboratively. 

• Progress to complex scenarios for decision-making practice. 

• Conclude with performance evaluations and feedback to identify strengths 

and areas for improvement. 

 

 

Check Your Progress 

 

 

A. Multiple Choice Question 

 

1. What is the primary advantage of drone flight simulators? 

a) They offer hands-on physical training 

b) They allow for low-risk learning and skill development 

c) They provide unlimited battery power for training 

d) They eliminate the need for actual drone equipment 

 

2. Which type of drone simulator combines software with dedicated hardware for a 

more immersive experience? 

a) Software-based simulator 

b) Hardware-integrated simulator 

c) Full-scale simulator 

d) Virtual Reality simulator 

 

3. How do Virtual Reality Simulators (VRS) enhance drone training? 

a) They provide a two-dimensional flight environment 

b) They offer an immersive, three-dimensional experience using VR goggles 

c) They simulate real-world weather conditions 

d) They are only useful for basic drone manoeuvres 

 

4. What role does a drone play in emergency situations? 

a) Conducting regular deliveries 

b) Assisting in search and rescue operations 

c) Monitoring battery life 

d) Performing regular maintenance checks 

 

5. Which emergency procedure is a drone pilot most likely to perform in case of a 

system failure? 

a) Performing an evasive manoeuvre 

b) Initiating a controlled landing 

c) Increasing flight speed 

d) Activating autopilot 

 



` 

 

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL 

 

87 
 

Drone Operator- Multirotor - Grade XI  

6. Which type of simulator would be most suitable for commercial drone operator 

training? 

a) Software-based simulator 

b) Hardware-integrated simulator 

c) Full-scale simulator 

d) Augmented Reality simulator 

 

7. What is the advantage of scenario-based training in drone simulators? 

a) It focuses solely on take-off and landing 

b) It allows for practicing specific flight manoeuvres and emergencies 

c) It limits the types of scenarios that can be simulated 

d) It focuses only on drone hardware maintenance 

 

8. How do Augmented Reality Simulators (ARS) differ from Virtual Reality 

Simulators (VRS)? 

a) ARS uses physical controllers while VRS uses a keyboard 

b) ARS overlays virtual images onto the real world, while VRS provides an 

immersive virtual environment 

c) ARS does not use any visual elements 

d) ARS is used only for basic drone operation 

 

 

9. Which of the following is NOT an advantage of using drone simulators for 

training? 

a) They reduce the risk of accidents during training 

b) They allow for practice in various weather conditions 

c) They are more expensive than real flight training 

d) They provide performance evaluation and feedback 

 

10. What is one benefit of using drone simulators for emergency procedure 

training? 

a) They allow for cost-effective, low-risk practice in handling emergencies 

b) They provide real-time communication with emergency responders 

c) They simulate actual images 

d) They require no instructor involvement 
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Session 2: Demonstrate the Operation of Drone on Flight 

                  Simulator 

 

 

Demonstrating drone operation on a flight simulator provides a safe and controlled 

environment for learning essential piloting skills. This practice helps students 

understand basic flight mechanics, test different flight modes, and handle various 

scenarios without real-world risks. Simulators offer a hands-on approach to 

mastering drone control, enhancing confidence and readiness for actual drone 

operations. 

 

Flight simulator 

 

A flight simulator replicates real-flight conditions for training and practice. Utilizing 

a drone flight simulator involves a sequence of essential actions, which encompass: 

 

i. Launching the Simulator: Begin by initializing the drone flight simulator 

software on your computer or device, ensuring it is properly set up and 

calibrated. 

 

ii. Selecting Drone Model and Environment: Choose the specific drone model 

to simulate and the environment in which training will be conducted. This 

step customizes the experience to align with training objectives. 

 

iii. Preparing for Take-off: Prior to taking off, ensure that virtual drone is ready 

for flight. This includes checking battery levels, calibrating sensors, and 

configuring your controls. 

 

iv. Performing Pre-Flight Checks: Engage in a thorough pre-flight checklist 

within the simulator, mirroring the real-world process of assessing the 

drone's components, connections, and safety features. 

 

v. Taking Off: Initiate the take-off sequence within the simulator, using the 

designated controls. This replicates the actual process of lifting the drone off 

the ground. 

 

vi. Practicing Basic Flight Manoeuvres: Master fundamental flight 

manoeuvres, including ascending, descending, hovering, and controlling 

pitch, roll, and yaw. Develop proficiency in maintaining stable flight. 

 

vii. Exploring Various Flight Modes: Experiment with different flight modes 

provided by the simulator, such as manual control, stabilized flight, GPS-
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assisted flight, and autonomous flight. Each mode presents unique 

challenges and capabilities. 

 

viii. Conducting Drone Landings: Approach the landing phase, simulating the 

process of safely descending and landing of virtual drone. It will enhance 

landing skills and precision control. 

 

ix. Analysing Post-Flight Performance: Following the landing, review the 

performance and analyse the flight data provided by the simulator. Evaluate 

manoeuvres, adherence to safety protocols, and areas requiring 

improvement. 

 

Drone flight simulators are indispensable tools for pilot training, enabling users to 

refine their skills, rehearse safe flight procedures, and gain familiarity with diverse 

drone models and environments. The structured process outlined above facilitates 

an organized and effective training experience within the simulator. 

 

Reasons to use a drone flight simulator 

 

There are several compelling justifications for employing a drone flight simulator, 

which encompass: 

 

● Skill Enhancement: Drone flight simulators provide an ideal setting for 

honing and advancing piloting skills. Both newcomers and experienced drone 

operators can refine their abilities in a controlled environment. 

 

● Risk-Free Training: Perhaps the most prominent advantage of drone 

simulators is the absence of real-world risk during training. Pilots can 

experiment with various scenarios and manoeuvres without the potential for 

actual accidents or equipment damage. 

 

● Cost-Efficiency: Training with a drone simulator is generally more cost-

effective than traditional drone flight training. It minimizes expenses 

associated with fuel, maintenance, and equipment wear and tear, rendering 

it a budget-friendly choice. 

 

● Scenario-Driven Training: Drone simulators facilitate scenario-based 

training, allowing pilots to rehearse an extensive array of flight situations. 

These scenarios encompass fundamental manoeuvres, intricate emergency 

responses, and adverse weather conditions, equipping pilots for diverse real-

world challenges. 

 

● Weather and Environment Replication: Simulators replicate various 

weather conditions for flexible training. This enables pilots to gain experience 

in various settings, including challenging weather conditions and different 

environmental contexts. 
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● Equipment Familiarity: Drone operators can acquaint themselves with 

specific drone models and their attributes through simulation. This 

encompasses understanding the equipment's controls, sensors, and 

functionalities, facilitating readiness for real-world operations. 

 

Drone flight simulators stand as indispensable tools for pilot training, offering a 

secure and controlled arena for refining skills, conducting practice sessions, and 

preparing for a wide range of operational scenarios. These simulators not only 

contribute to skill improvement but also deliver substantial financial savings and 

risk mitigation. 

 

 

Activities 

 

 

Activity 1: Emergency Procedure Simulation with Drone Flight Simulator 

 

Materials Required: 

 

• Drone flight simulator software 

• Computers or simulation hardware 

• Flight controllers or transmitters 

 

Procedure: 

 

• Introduce common emergency scenarios (e.g., system failures, weather issues) 

and emphasize the importance of effective response training. 

• Customize and select realistic emergency scenarios within the simulator (e.g., 

motor failure, GPS loss) for practice. 

• Practice emergency procedures, foster problem-solving, and critical thinking 

skills while working in small groups on different scenarios. 

• Conclude with a debriefing to review experiences, analyse procedure 

effectiveness, and identify improvement areas. 

• Reflect on the simulation and discuss strategies for applying lessons to real-

world scenarios. 

 

 

Check Your Progress 
 

 

A. Multiple Choice Questions  

 

1. What is the first step in utilizing a drone flight simulator? 
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a) Performing pre-flight checks 

b) Practicing basic flight manoeuvres 

c) Launching the simulator 

d) Selecting the drone model 

 

2. What does the "Preparing for Take-off" phase involve in a drone flight simulator? 

a) Mastering basic flight manoeuvres 

b) Checking battery levels and calibrating sensors 

c) Analysing post-flight performance 

d) Engaging in scenario-driven training 

 

3. What is the primary advantage of using a drone flight simulator for risk-free 

training? 

a) Real-world accidents for better learning 

b) Cost savings in case of equipment damage 

c) Absence of real-world risk during training 

d) Limited scenario options for pilots 

 

4. Why is training with a drone simulator considered more cost-effective than 

traditional flight training? 

a) Simulators use advanced and expensive technology 

b) Simulators involve additional maintenance costs 

c) It minimizes expenses related to fuel and equipment wear and tear 

d) Drone simulators lack scenario-based training options 

 

5. What is the benefit of scenario-driven training in a drone flight simulator? 

a) Limited exposure to diverse flight situations 

b) Inability to rehearse emergency responses 

c) Enhanced preparation for real-world challenges 

d) Only focusing on basic manoeuvres 

 

6. How do drone simulators contribute to equipment familiarity? 

a) By avoiding simulation of specific drone models 

b) By minimizing exposure to different controls and sensors 

c) By excluding functionalities from simulation 

d) By allowing operators to understand controls, sensors, and functionalities 

 

7. What does the "Analysing Post-Flight Performance" phase involve in a drone flight 

simulator? 

a) Initiating the take-off sequence 

b) Reviewing performance, flight data, and identifying areas for improvement 

c) Mastering basic flight manoeuvres 

d) Experimenting with different flight modes 

 

8. In what way do drone flight simulators replicate diverse training atmospheres? 

a) By limiting scenarios to ideal weather conditions 
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b) By excluding environmental factors from simulation 

c) By emulating various weather conditions and environmental factors 

d) By avoiding challenging weather conditions in simulations 

 

 

 

Answer Key 

 

 

MODULE 1: INTRODUCTION TO DRONES 

Session 1: Introduction to Drones 

A. Multiple Choice Questions 

 

1. b 

2. c 

3. c 

4. b 

5. c 

6. c 

7. c 

8. c 

9. b 

10. b 

 

Session 2: Basic Components of a Drone  

A.Multiple Choice Questions 

 

1. c 

2. b 

3. b 

4. c 

5. b 

6. b 

7. b 

8. c 

9. c 

10. b 

 

Session 3: Drone Rules 2021 

A: Multiple Choice Questions 

 

1. b 

2. b 

3. c 

4. c 
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5. b 

6. c 

7. c 

8. c 

 

MODULE 2: MULTIROTOR DRONE - COMPONENTS AND APPLICATIONS 

 

Session 1: Components of Multirotor Drone 

 

A. Multiple Choice Questions 

1. c 

2. c 

3. a 

4. c 

5. b 

6. c 

7. b 

8. b 

9. d 

10. c 

 

Session 2: Assembling Multirotor Drone  

A. Multiple Choice Questions 

 

1. b 

2. a 

3. b 

4. b 

5. a 

6. b 

7. b 

8. b 

9. b 

10. b 

 

Session 3: Applications of Multirotor Drone 

A. Multiple Choice Questions 

 

1. b 

2. b 

3. b 

4. a 

5. b 

6. b 

7. b 

8. b 
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9. b 

10. b 

Session 3: Applications of Multirotor Drone 

 

A. Multiple Choice Questions 

1. b 

2. b 

3. b 

4. a 

5. b 

6. b 

7. b 

8. b 

9. b 

10. b 

 

MODULE 3: PAYLOADS AND IMAGE INTERPRETATION 

Session 1: Mounting Of Payloads on Drone   

A. Multiple Choice Questions 

 

1. a 

2. b 

3. b 

4. c 

5. c 

6. b 

7. d 

8. c 

9. c 

10. b 

 

Session 2: Drone Image and Video Analysis 

A. Multiple Choice Questions 

 

1. b 

2. c 

3. b 

4. c 

5. b 

6. b 

7. c 

8. a 

9. b 
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MODULE 4: AERODYNAMICS AND CONFIGURATION OF MULTIROTOR DRONES 

 

Session 1: Aerodynamic and Flight Principles in Drone Operation 

 

A.Multiple Choice Questions 

 

1. c 

2. c 

3. b 

4. b 

5. c 

6. b 

7. b 

8. d 

9. b 

10. c 

 

SESSION 2: CONFIGURATION OF MULTIROTOR DRONE 

 

A. Multiple Choice Questions 

 

1. b 

2. b 

3. b 

4. b 

5. b 

6. b 

7. b 

8. a 

9. b 

10. b 

 

Session 3: Procedures Adopted For Maintenance of Multirotor Drone 

 

A. Multiple Choice Questions 

 

1. c 

2. c 

3. b 

4. a 

5. b 

6. b 

7. b 

8. b 

9. b 

10. b 
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MODULE 5: FLYING MULTIROTOR DRONE ON SIMULATOR 

Session 1: Introduction to Flight Simulator Training 

 

A. Multiple Choice Questions 

 

1. b 

2. b 

3. b 

4. b 

5. b 

6. c 

7. b 

8. b 

9. c 

10. a 

 

Session 2: Demonstrate the Operation of Drone on Flight Simulator 

 

A. Multiple Choice Questions 

1. c 

2. b 

3. c 

4. c 

5. c 

6. d 

7. b 

8. c 

 

 

Glossary 
 

 

Accelerometers: It measure changes in velocity and orientation in devices and 

vehicles. 

 

Aerial photography: It involves capturing images from an elevated perspective, 

usually from an aircraft, drone, or other flying object. This type of photography 

provides unique and expansive views of landscapes, cityscapes, or events that cannot 

be seen from the ground. Aerial photography is used for various purposes, including 

real estate marketing, environmental studies, mapping, film production, and artistic 

projects. 

 

Aerodynamic: The study of the behaviour of air as it interacts with objects in motion, 

such as aircraft. 
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Ailerons: Control surfaces on a drone's wings or wings that control roll. 

 

Artificial Intelligence (AI): The simulation of human intelligence processes by 

machines, including learning, reasoning, problem-solving, and decision-making. 

 

Authorised Remote Pilot Training Organisation (RPTO): An organization approved 

to provide training for remote pilots of drones. 

 

Automated pesticide delivery systems: It uses technology like drones or robotics to 

precisely apply pesticides to crops, minimizing waste, reducing environmental impact, 

and improving efficiency for safer, more sustainable agricultural practices. 

 

Autonomous Unmanned Aircraft System (Autonomous UAS): A UAS capable of 

operating independently, making decisions and navigating without constant human 

control. 

 

Barometers: These are instruments that measure atmospheric pressure, helping 

forecast weather, determine altitude, and monitor environmental conditions. 

Basic Flight Manoeuvres: Fundamental movements and manoeuvres performed by 

a drone pilot during flight training. 

 

Bernoulli's Principle: The principle explaining how the shape of an air foil generates 

lift. 

 

Brushless Direct Current (BLDC): A type of electric motor commonly used in drones 

for propulsion. 

 

Camera: A device used for capturing still images or video footage. 

 

Control Surfaces: Surfaces on a drone, such as ailerons, elevators, and rudders, used 

to control its movement. 

 

Convolutional Neural Networks (CNNs): It is a deep learning algorithms designed to 

process and analyse visual data, especially for image classification and object 

detection. 

 

Decision Trees: It is supervised learning algorithm that splits data into branches 

based on feature values to make decisions or predictions 

 

DGCA: Directorate General of Civil Aviation, the regulatory body for civil aviation in 

India. 

 

Digital Sky Platform: A digital platform for registering and managing drones and 

their flights. 
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Drag: The resistance encountered by a drone as it moves through the air. 

 

Drone Flight Simulator: A software program that simulates the operation of a drone 

for training and practice. 

 

Drone Sensors: Instruments and devices integrated into drones to collect data, 

including environmental conditions, navigation, and imaging. 

 

Electronic Speed Controller (ESC): A device that regulates the speed and direction 

of electric motors in drones. 

 

Elevator: A control surface on a drone's tail that controls pitch. 

 

Event photography: It is the art of capturing memorable moments from various 

occasions, such as weddings, parties, corporate events, concerts, and festivals. It 

involves documenting the atmosphere, key activities, and emotions of the event in a 

way that tells a story.  

 

Genetically Modified Organisms (GMOs): Organisms whose genetic material has 

been altered in a way that does not occur naturally through mating or natural 

recombination. 

 

Geographic Information System (GIS): A system for capturing, storing, analysing, 

and displaying geographic or spatial data. 

 

Global Positioning System (GPS): A satellite-based navigation system that provides 

precise location and time information to GPS receivers anywhere on Earth. 

 

Gyroscopes: These are devices that measure or maintain orientation and angular 

velocity, using Earth's rotation or spinning wheels for stability. 

 

Hovering: The ability of a drone to maintain a stable position in the air without 

moving. 

 

Hyperspectral Camera: A camera that captures a wide range of wavelengths, 

providing detailed information about the composition of objects. 

 

Internet of Things (IoT): A network of interconnected physical devices and objects 

that can collect and exchange data over the internet. 

 

Landing Gear: It is a system of wheels, skis, or floats used to support and stabilize 

an aircraft during take-off and landing. 

 

Lift: The force generated by the drone's propulsion system to counteract gravity and 

keep it airborne 
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Manoeuvrability: In relation to drones, manoeuvrability refers to the drone's ability 

to move, steer, and change direction with ease and precision. It involves how effectively 

the drone can adjust its position, perform complex movements, and respond to control 

inputs, allowing it to navigate through tight spaces, perform aerial tricks, or maintain 

stability in various flight conditions. High manoeuvrability is crucial for tasks like 

aerial photography, surveying, and racing. 

 

Model Remotely Piloted Aircraft System (Model RPAS): A small-scale, typically 

recreational, remotely piloted aircraft system. 

 

Model Remotely Piloted Aircraft System: A small-scale, typically recreational, 

remotely piloted aircraft system. 

 

Multispectral Camera: A specialized camera that captures images in multiple 

wavelengths of light to gather information about vegetation health and other factors. 

 

Payload Capacity: The maximum weight a drone can carry in addition to its own 

weight. 

 

Pitch: The rotation of a drone around its lateral axis, tilting forward and backward. 

 

Precision Farming: A farming approach that uses technology to optimize the use of 

resources such as water, fertilizer, and pesticides to improve crop yields and reduce 

waste. 

 

Propeller: A rotating device that generates thrust to propel drones. 

 

Propulsion systems: These are mechanisms designed to generate thrust, allowing 

vehicles such as aircraft, ships, and rockets to move. They convert energy into motion, 

using engines or motors powered by fuel, electricity, or other sources. 

 

Pulse Width Modulation (PWM) Controller: A control system that adjusts the signal 

sent to electronic components in drones, such as motors and servos. 

 

Quadcopters: Quadcopters are unmanned aerial vehicles with four rotors, providing 

stable flight and manoeuvrability for various applications like photography. 

 

Random Forests: Ensemble learning method combining multiple decision trees to 

improve classification accuracy by averaging predictions from individual trees. 

 

Remote Sensing: The collection of data about the Earth's surface from a distance, 

often using satellite or aerial technologies. 

 

Remotely Piloted Aircraft (RPA): Another term for unmanned aircraft, indicating 

that it is operated remotely by a pilot. 
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Remotely Piloted Aircraft System (RPAS): A comprehensive system including the 

aircraft, ground control station, and communication equipment for remotely piloted 

operations. 

 

Roll: The rotation of a drone around its longitudinal axis, tilting from side to side. 

 

Rudder: A control surface on a drone that helps control yaw. 

 

Standard RGB cameras: It capture images using three primary colours: red, green, 

and blue (RGB). These cameras use sensors that filter light into these three colours, 

which are then combined to create a full-colour image. 

 

Support Vector Machines (SVM): It is used for classification tasks by finding an 

optimal hyperplane to separate data into categories. 

 

Thermal Camera: A camera that detects heat signatures, often used for tasks like 

search and rescue. 

 

Throttle: The control for adjusting the power output of a drone's propulsion system. 

 

Thrust: The forward force produced by a drone's propulsion system to propel it 

through the air. 

 

Unique Identification Number: A distinct identifier assigned to each drone to 

facilitate tracking and compliance. 

 

Unmanned Aerial Vehicle (UAV): A pilotless aircraft operated remotely or 

autonomously for various purposes. 

 

Unmanned Aircraft System Traffic Management (UTM): A system for managing the 

safe and efficient operation of drones in shared airspace. 

 

Unmanned Aircraft Systems (UAS): A comprehensive term that encompasses not 

only the unmanned aircraft (UAV) but also the ground control station and 

communication links. 

 

Variable Rate Technology (VRT): A farming practice that uses technology to vary the 

rate of application of inputs like fertilizers and pesticides based on field-specific data. 

 

Vertical Take-off and Landing (VTOL): Aircraft capable of taking off and landing 

vertically, without the need for runways. 

 

Video Camera: A camera designed for capturing moving images and sound. 

 

Yaw: The rotation of a drone around its vertical axis, turning left or right. 
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