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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 stdy
material should not impede the educational progress of our students. In respm@e to
this necessity, we present the draft study material, a provisional yet con}p&sive
guide, designed to bridge the gap between teaching and learning, until\@u official
version of the study material is made available by the NCERT. The draft y material
provides a structured and accessible set of materials for teachers and% ents to utilize
in the interim period. The content is aligned with the prescribed c®ri ulum to ensure
that students remain on track with their learning objectives. \Q

The contents of the modules are curated to provide continuj yxhaoeducation and maintain
the momentum of teaching-learning in vocational edu a@&f It encompasses essential
concepts and skills aligned with the curriculum and ational standards. We extend
our gratitude to the academicians, vocational @Jcators, subject matter experts,
industry experts, academic consultants, and other people who contributed their
expertise and insights to the creation of the study material.

Teachers are encouraged to use the dra dules of the study material as a guide and
supplement their teaching with addjt 1 resources and activities that cater to their
students' unique learning styles @n¥® needs. Collaboration and feedback are vital,
therefore, we welcome suggestij for improvement, especially by the teachers, in
improving upon the content @e study material.

This material is copyri%.e? and should not be printed without the permission of the
NCERT-PSSCIVE. (b

0& Deepak Paliwal
Joint Director

$ PSSCIVE, Bhopal

Date: 3 &ﬁgc 2025

Q@
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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:

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

e Describe the key components of a drone, including the frame, motors,
propellers, battery, flight controller, and sensors.

e Describe the main regulations outlined in Drone Rule 2021, including
registration and certification requirements.

e Explain the legal limitations on drone operation, such as no-fly zones,
altitude restrictions, and privacy considerations.

e 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 (1)

Session 1: Classification of Drones

Drones, also known as unmanned aerial vehicles (UAVs), havé@come integral to
various sectors such as photography, agriculture, sury@ance, and delivery
services due to their versatility and advanced tedinology. Drone's basic
components include the frame, propellers, motors ronic speed controllers
(ESCs), flight controller, battery, GPS module, camexga,\gimbal, and various sensors.
The frame, serving as the drone's structural f;@aﬁon, is typically made from
materials like carbon fibre, plastic, or alumini to balance weight and durability.
It holds all other components and plays a ial role in the drone's stability and
performance. The Drone Rules 2021 int uced regulations for drone operation,
including classification by weight, datory certification and licensing for
operators, registration requirement{y*and the No-Permission-No-Take-off (NPNT)
system to ensure safe and c lled drone usage. These rules also establish
operational restrictions, man, ry insurance, and privacy and security measures,
aiming to balance the t@& of drone technology with necessary safety and

privacy consideration%,\\

To understand more clearly, let’s think about those videos with amazing
views from high Wp. Ever wondered how they’re filmed? Many of them are shot
using dron rones are flying robots that can be controlled remotely or
programy o fly on their own. They come in all sizes, from tiny ones that fit in
your to large ones as big as airplanes. Drones have many uses, from filming
be% 1 scenes to delivering packages and surveying land. Now, let us dive deeper

'Q ow 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. é

)

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.

~D

DID YOU KNOW? \\O

O

e The Montgolfier brothers from France in 178$ccessfully launched a hot
air balloon carrying a sheep.

o The first time UAVs are recorded for mil@r use was in 1849, when Austrian
forces used unmanned balloons filledg explosives to attack Venice during
the War of Austrian Succession. @

e The first powered UAV, the Heyi perry Automatic Airplane, was developed
in the United States in 1916%

e Abraham Karem inventeQQe irst modern drone in his garage in 1951.__

A

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 €h »\Second World War. A significant development was the creation of the
radi(%ntrolled aircraft called the "Radio plane OQ-2," invented by Reginald
. These drones were used as aerial targets and training tools, marking an
portant 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).

z, Drones for combat, attack
fargets with missies
b
3 &
- Drones for combat, survellance
Target Drones Dronesusedas  Drones with real-fme and carry anament
E developed deoony surveliance & rader
g Drones used fo .
@ reconmaissance Dronesfo mapping, 21 Drones for
- e pholography recteztiona use
> -
. Dronzs for industrial Drones for fiming &
precision agriculture
Drones for logrstic-
first packet delivery

N\

Figure 1.1: Timeline of the military and civilian uses of drones.

Drones are becoming a neic;ésgary 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 technoiogy progresses.
A

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).
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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

Category

 J— —

Aero plane Rotocraft Hybrid

4

Single rotor Multirotor

Tricopter
Quadcopter

Hexacoper
Octacopter

L
Figure 1.2: Categorisation of drones

stationary wings and are ideal for long-range m stohs like surveying and mapping.
The classification of drone based on their d are as follows:

i. Fixed-Wing Drones: It has a d similar to traditional aircraft, with
stationary wings that generategl rough forward motion. These drones are
best suited for long-range migsidns like surveying, mapping, and large-scale
agricultural monitoring du their extended flight times and ability to cover

vast areas é\'

ii. Single Rotor Drones: It uses a large, single rotor for lift, much like a helicopter.
They may also \@de a small tail rotor for stability and control. These drones
are ideal lifting tasks, long-endurance flights, and specialized
apphcatl 11 e aerial photography, LiDAR scanning, and cargo delivery.

iii. Multlrotor Drones: Multirotor drones feature multiple rotors that provide lift
able precise maneuverability. They are capable of hovering, taking off
6,7 ically, 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.
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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. é

viii. Hybrid Drones: They combine with fixed-wing and rotor-based technologj @
create a versatile drone capable of both vertical take-off and long-range @ight.
These are used for various tasks like pipeline inspection, agpdNitural
monitoring, and package delivery, where both long-range and yCal flight
capabilities are required. Q

%

Drones classification on the basis of weight: OQ

i. Nano drones: Weighing 250 grams or less, typically 68@d for recreational flying
and indoor surveillance.

ii. Micro drones: Ranging from 250 g to 2 kg, dYor short-range photography
and industrial inspections. 1@

iii.Small drones: Weighing 2 kg to 25 kg, c,op&only deployed in agricultural and
infrastructure applications. )

iv. Medium drones: Ranging from 25 l;&SO kg, used for heavier industrial and
research tasks.

v. Large drones: Weighing over 1%{{;, typically used in military and advanced
scientific operations. é

Drones classification or@ asis of Power Sources:

i. Battery-power rones: The most common type, used in consumer and
commercia@&r ets for tasks like aerial photography.

ii. Fuel cell-pdrered drones: Offer longer flight durations, typically used in
scienti search and heavy-duty operations.

ng-endurance missions like border patrol.
iy lar-powered drones: Use solar energy for extended flights, suitable for
Q%environmental monitoring in remote areas.
v. Hybrid-powered drones: Combine multiple energy sources, such as batteries
and gasoline, for enhanced versatility in diverse operations.

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

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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Activity 1: Explore types of drones

Materials Required:
e Various drone models (e.g., quadcopters, hex copters, fixed-wing dronesé »

hybrid drones) \0
e Informational handouts or slides on drone features and applicatio&%
e Safety equipment (e.g., gloves, protective eyewear) ‘O\
e Notepads and pens for group observations \)
e Projector or screen for the introductory presentation @Q
Procedure: 0
e Begin the activity by explaining the basics of droneé@d their significance
in industries such as agriculture, delivery, and s illance. Use visual aids
to capture students' attention and provide co
e Provide detailed descriptions of the typ drones, focusing on their

structures, features, and common app¥catfons. Highlight key differences
between quadcopters, hexacopters, ﬁx@wing drones, and hybrid models to
build foundational knowledge.

e Divide students into groups an ign each group a different type of drone
to study.

e Let them observe, documgnt} and analyse the features and operational
capabilities of their assi@ drone type.

e Ensure that safety ols are strictly followed throughout the hands-on
exploration.

e Bring the gro&ogether for an open discussion where they share their
observation discuss the specific use and advantages of each type of

drone. T art fosters collaboration and deeper insight into the practical

appli @—m of drone technology.

S 1ze the key takeaways from the activity, highlighting the variety and

ations of different drone types. Encourage further exploration of the

d and invite questions to clarify concepts or inspire independent

Q6 research.

Activity 2: DIY Drone Building Workshop

Materials Required:
e Locally available materials (e.g., wood, thermocol, plastic, fibre)
e Propellers
e Motors
e Batteries
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e Screws and adhesive (e.g., glue gun)
e Small tools (e.g., screwdrivers, wire cutters)
e Safety gear (e.g., goggles, gloves)

Procedure:

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

to stability and performance. é
e Guide students to choose from the available materials for their dro
structures and key components. \Q

e Demonstrate the initial steps in assembly and provide continuous@ort
as they build their drones. Let them make adjustments to enhat;? lance
and performance, ensuring safety protocols are followed duri embly.

e Once the drones are assembled, let students present their gtions to the
group and explain in detail. Facilitate a discussion Whﬁi&hey can share
their challenges they faced while preparing and solutigis they found.

e Conclude the activity by summarizing the maj ssons learned and
motivating students to further explore dro e@ hnology, emphasizing
adherence to safety during testing and future jects.

©

Check Your Progress

A. Multiple Choice question&

1. Which type of drone is @ suited for long-range missions such as surveying and
mapping? 5’\\,

a) Quadcopters 0

b) Fixed-Wing D

C) Tri—copters@
d) Octocopteys

2. W component of a drone is responsible for controlling the speed of the
rs?
1ght 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. é

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

such as LiDAR systems? 0
a) Tricopters \)
b) Quadcopters Q
c) Hexacopters @

d) Nano drones C

xO
6. In terms of weight classification, what category woulb’&,drone weighing 1.5 kg
fall under?

a) Nano Drone @
b) Large Drone

c) Small Drone {\0\

d) Medium Drone
x<

7. Which type of drone power source&al for environmental monitoring in remote
areas due to extended flight dlxl on?

a) Battery-powered é
b) Gasoline-powered 0
c) Solar-powered 6’\'

d) Hybrid-powered ;5\\'
>

8. Whatis a co application of octocopters?
a) Recreation? flyythg

b) Indoor sufvefllance
C) Profeﬁ?p |1 cinematography and search and rescue
d) S nge industrial inspections

at is the primary purpose of a drone’s gimbal?
aPTo 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 do, Q
detail. Now let us take an example of drone, imagine a drone as a bird. The e
of the drone is like the skeleton of the bird, (Figurel.3) giving it sq@t and

structure. Q\)

e Motors are like wings, giving power to fly. @

e Propellers are like feathers on wings, converting power toNhrust.
e The battery is like food, giving energy. L\

e The flight controller is the brain, guiding movem .

e Sensors are like eyes and ears, giving info ab rroundings.

e The radio system is like communication, I g the pilot control the drone.
Now consider these components from a techno @71 standpoint.

The fundamental elements of a drone, also n as an Unmanned Aerial Vehicle
(UAV), may differ depending on the drone'dype and intended use.

~

Data link Data link antenna

Flapping
mechanism

Wind
peed ;
ensor ! [

— Camera

GPS anténna Battery

Figure 1.3: Bird-shaped drone

However, the following components are typically found in most drones (Figurel.4):
i. Frame: The frame acts as the structural foundation of the drone, providing
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ii.

iii.

<3 o
1v.

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.

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, a
manoeuvrability. The design (e.g., size and pitch) can be optimize
different flying conditions and applications, such as aerial photog or

surveillance.
¥

Motors: Electric motors power the propellers and control the Yrone's lifting
capacity and thrust. The number of motors corresponds t&he number of
propellers. Motors are vital for converting electrical ene?ginto mechanical
energy, enabling flight. The efficiency and power of H)Q’Qs directly influence

flight duration and payload capacity. O\,

(on undersids)

Telemetry
module

Propelier

Electronic speed
controller

Figure 1.4: Basic components of multi rotor drone

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.
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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
lithium-ion batteries. The flight duration is directly influenced b
battery's capacity. In certain cases, larger drones utilize alternat1 er
sources such as gasoline engines. Batteries determine the operas? time
of the drone. Efficient battery management is essential for m ng flight
time and ensuring reliable performance in various application

vii. Remote Controller/Transmitter: The remote COI’ItI‘OllQ)I‘ transmitter is
the handheld device operated by the pilot to control drone. It transmits
commands for steering, speed and altitude to thﬁ:.one This device allows
the operator to remotely control the drone, facj real-time adjustments
to flight parameters, which is essential for ive operation in tasks such
as aerial photography, surveying, and SQ§ and -rescue missions.

viii. Receiver: The receiver on the dg \ receives signals from the remote
controller and forwards them tqg flight controller. The flight controller
interprets these commands, ‘@ ting them into specific drone movements.

The receiver ensures effectivd communication between the drone and the
pilot, enabling accurate ol and responsiveness during flight.

ix. Camera or Paylo ’Sﬂany drones are equipped with cameras or sensors,
tailored to their@ended use. These sensors can capture images, videos, or
other data. In % ain cases, drones are designed to carry additional payloads
such as @vrs cargo or scientific instruments. Cameras and sensors
expan drone's utility for wvarious applications, including aerial
pho% hy, environmental monitoring, and agricultural assessments.

X. éﬂoad Payload refers to the equipment or cargo a drone or aircraft carries,
% cluding the weight of the vehicle itself. It can include cameras, sensors,
Q 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 flig
ensuring safe operation and allowing for quick decision-making bas
real-time data. X)

AN

xiii. Safety Features: Some advanced drones include safety enhags@aents like
obstacle avoidance sensors, return-to-home functions, and ¥o fencing to
strengthen safety and prevent accidents. Safety features @ce operational
safety by preventing collisions and ensuring the drone ca# safely return to
its launch point in case of signal loss or low battery\.' L\

xiv. Landing Gear: Many drones are equipped wi@ding gear, which can be
either fixed or retractable. Landing gear coptsibtites to stability during take-
off and landing while safeguarding tl\éa ne's payload. Landing gear
protects the drone and its payload from age during landing and take-off,
especially in rough or uneven terrai

X

xv. On-board Computer: Mor%@plex drones, especially those used in
applications like mappi r surveying, may incorporate on-board
computers. These syste ocess data and support autonomous flight. On-
board computers e advanced functions such as real-time data
processing, auto ;{OUS navigation, and enhanced data collection

capabilities. 55\\'

The specific co? ents and their complexity can vary significantly between
different dro (o}
add1t1onal§ rs, redundancy systems for safety, and specialized equipment

demgne@sg articular tasks.

% DID YOU KNOW?

Q e Propellers are one of the most visible components of a drone, and they play
a critical role in generating thrust.
e Batteries are one of the most expensive components of a drone, but they are
also essential for flight.
e Lithium-ion polymer batteries are known for their high energy density, long
lifespan, and lightweight.

dels and applications. Advanced drones may incorporate
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Activity 1: Drone Technology lab visit

Materials Required:
e Various drone components (e.g., frame, motors, propellers, flight é

controller, batteries, sensors, camera) ‘0
e Pre-assembled drone models for demonstration . %
e Safety gear (e.g., safety goggles, gloves) \

e Instructional handouts or guides on drone components and tk@@notions
e Projector or screen for visual demonstrations

Procedure: OC

e Briefly explain the objectives of the lab visit and i@xj:;;ctical applications.

e An instructor will introduce key drone com nts, such as the frame,
motors, propellers, flight controller, batterigd) sensors, and camera. Each
component's role and characteristics WQ e explained to give students
foundational knowledge. . @

e Students will be guided to explore
note down their observations re
part. The instructor will
components are assembledya

e After the exploration, st Ax

examine the components. They will
ing the features and purposes of each
ct live demonstrations on how these
operate together.

ts will participate in a discussion led by the

instructor to revie ir observations and understand the practical
applications of ea omponent in drone technology. This reinforces their
learning and c cts the experience to real-world uses.

e Students wi %ve the opportunity to ask questions for clarification or
deeper u Sstanding.

ize the key learnings from the lab visit and reiterate the

ce of drone technology in various industries.

e Sum

im
o mphasize adherence to safety protocols throughout the activity to
@mntain a secure learning environment.

Qctivity 2: Drone component demonstration
Materials Required:
e Essential drone components (frame, battery, flight controller, sensors,

motors, propellers)
e Workbench (table) for component display

e Safety equipment (e.g., safety goggles, gloves)
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e Instructional handouts or visuals for detailed explanations
o Notepads and pens for student observations

Procedure:

e Explain the significance of drone technology, and objectives of each
component for effective drone operation.

e Arrange the components on a workbench for easy viewing and access. One
by one, demonstrate the function of each component, providing detail
explanations of their roles and importance in the overall functionin
drone. Highlight key details, such as how the flight controller ges
stability and how motors and propellers generate lift and moveme&@

e Encourage students to ask questions during and after each Qﬁa‘nstration
to foster an interactive learning experience. Initiate discussions‘n real-world
applications and the critical role of each componentAf/various drone

operations.

e Summarize the key points covered in the d m%Qtration, reinforcing
students' understanding of the essential dr Ié%omponents and their
functions. Emphasize the importance of eacl‘ért in building a functional
and effective drone. Q

e Ensure that safety protocols are strict lowed to maintain a safe and
controlled learning environment. 5 %

Check Your Progress

A. Multiple Choice Que%tgs

1. The component rz:§151gle for maintaining the structural support of a drone

and holding all o parts is:
a) Battery 0
b) Propeller
c) Frame @
d) Gim@
2. Wha art of a drone converts electrical energy into mechanical energy to
thrust?

1ght controller
g 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 @é

5. For extended flight duration, drones rely on which type of power sourcK\

a) Solar panels

b) Rechargeable lithium-polymer batteries \)
c) Gasoline engines Q
d) Wind turbines @

Q

6. Which component of a drone is responsible for receiving st@ls from the remote
controller and relaying them to the flight controller'?

a) Gimbal é
b) Receiver

c¢) GPS

d) Propeller @,

(\
7. A gimbal is most critical in which d%pphcation?
a) Data telemetry
b) Camera stabilization for smoo tage
c) GPS waypoint navigation

d) Motor speed regulation
\0

8. What component p % real-time data such as battery level and position to
the pilot’s remote ttzu roller?
a) On-board co T

b) GPS
c) Telemet %ﬁtem

d) Prop&fb(

9. @rofessmnal drone used for aerial photography, which part ensures high-
?q ality images despite the drone’s movement?

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, leb
us move on to learning about drone regulations. Have you ever seen a r@
cylindrical container in places like school, hospitals, or around r
neighbourhood? That thing is called a fire extinguisher. ‘O\\

Fire extinguishers are super important because they help stop fires spreading
and hurting people or damaging stuff. They are like heroes, alwayp ready to jump
into action when there is a fire. But there are some importan@ es you need to
know about using them safely. \O

Similarly, there are rules for using drones safely. Dro Q,\r'e those flying machines
people use for different things like taking cool pictur%‘ delivering packages. Just
like with fire extinguishers, it is important to foll e rules when using drones so
that everyone stays safe. The Central Gow ent introduced the Unmanned
Aircraft System Rules (UAS Rules) on Au ¥ 25, 2021. Further to understand
drones and its safe applications there %@ome designated rules and regulations

which are as follows: &

Regulations related to droneBA

In order to understand r%ons related to a drone let’s take an example. Once,
while traveling with hj ent, a boy found himself in a vehicle approaching a
traffic signal. His fatheg,Ycareful of traffic regulations, came to a halt as the light
turned red. With Q nce and respect for the rules, they waited until the signal
changed to gr: eﬁefore continuing their journey. This commitment to following
traffic signa t only ensures the smooth flow of vehicles but also plays a vital
role in en@ing overall road safety.

O

Si '@,’ when operating a drone, it is crucial to follow established rules and
%ﬁons. Obeying traffic signals ensures orderly movement on the road.

ilarly, 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 Safe
Agency). Leading drone manufacturers include organizations such as DJI, P f
and Skydio, while educational institutions and drone pilot associations pl tal
roles in promoting responsible drone usage. %

Comprehensive Guide to Drone Regulations, Certification, andQemote Pilot

Licensing QQ

e Certificate of Airworthiness: An airworthiness certiﬁca@ a critical document
validating that an aircraft, including drones, compli ith precise safety and
performance standards necessary for flight. In th of drones, this certificate
affirms that the drone is suitable for operati nsuring minimal risk to both
other users of airspace and the general pu c@w certification process entails

a thorough evaluation of the drone's de , construction and adherence to
safety regulations. The issuance of this \iﬁcate typically overseen by aviation
authorities, confirms that the dron safely operate within the designated

alrspace. @

e Controlled airspace: Con “I*d airspace designates a specific segment of
airspace where air tra,@ control services monitor and regulate aircraft
movements. This sta th contrast to uncontrolled airspace, where no traffic

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

within Controlle pace unless they secure proper authorization or clearance
from av1at10 orities This division ensures the safety of both manned and

unmanne aft within shared airspace.

A(y platform: The digital sky platform represents an innovative
ogical initiative introduced by DGCA to oversee and execute drone
ations. This platform serves as a digital infrastructure, facilitating drone
erators 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.

e Digi

<

¢ 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.

e 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 an
functions before producing a market-ready iteration. @da}

e Unmanned Aircraft System Traffic Management (UTM): The U é&:d
Aircraft System Traffic Management (UTM) constitutes a com nsive
framework and suite of technologies devised to oversee and regul growing
presence of drones within airspace. UTM systems are designed ¥o ensure the
secure and efficient operation of drones, averting colliﬁ@@ and conflicts
between unmanned and manned aircraft. They encompass coMiponents such as
drone air traffic control (ATC), traffic flow managemeX}”and real-time data
exchange to support the seamless integration of éones into the national
airspace.

e Unique Identification Number of Drones: ’I@ Unique Identification Number

(UIN) allocated to drones is a one—of—a—ki.ntba phanumeric identifier associated
<b Ips authorities and drone operators
t drones follow regulations, improving
as a registration number, similarly, every
umber (UIN).

with each unmanned aircraft. This co
track and regulate drones. It ensure
safety and security. As every vehi
drone has a Unique Identificatio

Categorization of Airspace @r the Drone Rules 2021:
As outlined in the Drone of 2021, airspace is divided into three distinct zones,
each bearing its own ofregulations (Figure 1.5):

a) Red Zonﬁe red zone defines airspace that is designated as restricted or

edlated. Drone activities within red zones are generally either

pro% or subjected to rigorous oversight, often encompassing areas such

a \E cal infrastructure, military facilities, and airports. The area located

Q«reen the lateral distance of O to 5 km from the perimeter of an operational
%%rport is prohibited for flying operation of drones.

heavily,r

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.

o Inner Yellow Zone: The Inner Yellow Zone refers to the airspace
extending from S 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.

o 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 né)
compromise the safety of aircraft operating in nearby airspaces. \0

"9
c) Green Zomne: The green zone designates airspace areas chara ed by
relatively lenient regulations. The airspace up to 120 meters i @area that
has not been designated as a yellow or red zone or the airdpace up to a
vertical distance of 60 meters located between lateral dis@s of 12 km and
above from the perimeter of an operational airport shall designated as a
green zone. L\

These zone categorizations are pivotal in ensuring tl&ure and responsible use
of drones while mitigating potential risks to avi@')n, infrastructure, and public
welfare. \

NO
PERMISSION
REQUIRED

DRONE FLYING ZONES

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: é

e Categories of Drones: Drones are categorized based on their wei 'égch
as nano, micro, small, medium, and large. Each category ha erent
requirements and restrictions.

e Digital Sky Platform: The DGCA introduced an online ‘b@al, to facilitate
the registration and monitoring of drones.
xO

e Drone Registration: All drone operators are requj to register their drones
on the Digital Sky Platform. Different categori rones may need different

levels of approvals. @

e Operator Permit: Depending on the.c ory and purpose of drone usage,
operators may require obtaining an anned Aircraft Operator Permit from

the DGCA. XS
o

e No-Permission-No-Take-o NT): Drones are needed to be equipped with
NPNT-compliant hardw. oftware to ensure that they can only take off
after obtaining nece%i' permissions.

e Permissions fﬁlymg: Operators need to seek permission before flying in
controlled airé@ e or near certain sensitive locations.

e;t is often mandatory to have insurance coverage for third-party

e Insur

hab@

° 1@(‘ g Requirements: Some categories of drones and operations may
ire the pilot to undergo specific training.

Q%te 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

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL



Drone Operator- Multirotor - Grade XI

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:

e Eligibility: To obtain a Remote Pilot Certificate, one must meet eligibility
criteria, including age (18-65), passing class tenth or equivalent, and healt
requirements. @ha}

e Training: Completion of a DGCA-approved training program fors soote
pilots is usually an essentiality. This training covers several aspec@l‘\f drone
operation, safety, regulations, and navigation. Q\)

e Examination: After completing the training, the inte @bd individuals
usually require to pass a written examination conducteagr the DGCA. The
exam evaluates the individual's knowledge of dr regulations, safety
procedures, and other relevant topics. O

e Application: Upon effective completim@fﬁaining and passing the
examination, individuals can apply for TK& mote Pilot Certificate through
the DGCA. The application procedur y include submitting necessary
documents and paying applicable fﬁ\

S

e Issuance of Certificate: OI@@: application is processed and approved,
the DGCA issues the RemogteWilot Certificate to the individual. This license
lets them to operate dror@or specified purposes within the regulations set

by the DGCA.
QO

e Renewal and %mnce: Remote Pilot Certification may have expiration
dates, and i duals are required to renew their certificate as per the
regulatiolﬁis? also important for certificate holders to stay updated on any
changes in¥rone regulations and comply with them.

Q) DID YOU KNOW?

one certification processes vary widely from country to country,
% reflecting the diverse approaches taken by regulatory authorities
% worldwide.

Q e 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.

e Some countries are implementing or considering Remote Identification
(Remote ID) requirements to enhance transparency and accountability in
drone operations.
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Activity 1: Simulating drone regulation scenario

Materials Required:

O

e Role descriptions for drone operators, regulators, and law enforce@@
officers .

e Relevant regulatory documents (e.g., Drone Rules 2021, safety gwiegNines)
e Scenario worksheets outlining specific drone operations a@ pliance

situations
e  Whiteboard or projector for group discussions @
e Safety protocol handouts C
e Timer for role-play sessions \O

O\'
Procedure: é

e Begin the session with an introduction: to@e objectives of the workshop,
explaining the importance of regulat mpliance in drone operations.

e Assign student’s roles as drone o@ﬁtors, regulators, or law enforcement
officers. Provide each participa&«dth their role description and specific

tasks based on the scenario§
e Hand out scenario workslﬁt with specific drone operation situations that
require decision-makin ch as flight over restricted areas, emergency

situations, or compli with operational restrictions.

e Allow students to -play the scenarios, making decisions based on the
regulations, etk%sl considerations, and safety guidelines.

e Facilitate di ions after each simulation round, encouraging students to
analyse decisions made and evaluate the impact of regulatory
compli@nge on drone operations.

e Us e whiteboard or projector to highlight key regulatory guidelines and
e all students understand the importance of ethical considerations in
one operations.
Conclude the activity with a group discussion summarizing lessons learned,
Q challenges encountered, and key takeaways about the role of regulation in
drone technology.
e Provide additional resources for further exploration of drone regulations and
encourage students to stay updated on evolving laws.
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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 . éo
d) Controlling weather conditions for drone flights ‘O\

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

a) Enhancing drone speed @

b) Establishing virtual boundaries to prevent entry into restricted zones

c) Improving camera quality xS

d) Enabling long-range drone flights O\

3. What does UTM stand for in the context of dronetraffic management?
a) Unmanned Traffic Monitoring @

b) Unmanned Transportation Management , \

c) Unmanned Aircraft System Traffic Mana&}ment

d) Unmanned Terrain Mapping 0\'

4. What is the Unique Identificatio mber (UIN) associated with in the realm of

drones? é
a) Pilot's identification
b) Manufacturer's locati(%’:o
n

c) Drone's unique alp, eric identifier

d) GPS coordina‘cesK one flights

5. According t t@)rone Rules of 2021, what does the Yellow Zone signify?
a) No dron ities allowed

icted airspace with rigorous oversight

gWhat 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 é
d) Directorate General of Civil Agriculture \QQ

Multirotor Drone - Components and

Module 2: Applications

R s

Module Overview

This module offers an in-depth explo%@. of multirotor drones, encompassing

three critical areas. @

The first session, “Component “Amultirotor drones”, introduces students to the
fundamental parts of a mulgr or drone, including the frame, motors, propellers,
flight controller, batteries@ sors, and cameras, detailing their functions and how
they interconnect. ;5\\'

The second ses K?l the assembling of multirotor drones provides hands-on
experience, gMiditYg students through the process of constructing a drone from
individual ponents, emphasizing practical skills and troubleshooting

techniq@\

Th&d session, on the applications of multirotor drones explores the diverse uses
?t se across various industries, such as cinematography, agriculture, research,
ahd 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:

e Describe the essential components of a multirotor drone, including the
frame, motors, propellers, flight controller, and battery. 6

e 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 \\

o Explain various applications of multirotor drones in industries s@as
agriculture, photography, and surveillance.

o Describe the advantages of using multirotor drones for spe@c tasks.

e Demonstrate understanding of the operational capablhti@o multirotor
drones in real-world applications.

Module Structure

Session 1: Components of Multirotor Drone {\

N

Session 2: Assembling Multirotor Dr

Session 3: Applications of Mult'g*r‘Drone

Session 1: Components of Multirotor Drone

how eac t plays a crucial role in its overall function. Just like assembling a
puzzle,@ component must fit perfectly to create a fully operational drone.

9
Qa%gine 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.

This sessioz ores various components of a multirotor drone as well as explore
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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

O

tc
Figure 2.1: A child playing with a jigsaw (L) Assembling drone (R)
Robot’s frame can be compared to a skeleto v,\'%'rving as the support system for all
the other components. A multirotor dro @rame is the actual framework that acts
as its chassis, providing housing an @pport for all other essential parts needed
to keep the drone operating.

Motors and Propellers (Wigsft features four strong motors one for each corner
of the frame that it may take off. These motors are similar to robot’s wings
in that propellers may ched to them. Robot is raised off the ground by these
spinning propellers, (éu h like a bird is raised into the air by its wings. The
mechanical pa ultirotor drone that provide thrust and generate the

required forw t10n are called motors. They provide the propellers' rotational
force. In c t, propellers are the rotating blades that are attached to the
engines. are crucial in creating lift and thrust, which are needed to raise the

drone e@ et it to go through the air.

&@ Controller (Brain): Let us now conceptualize the flight controller as a brain
at 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
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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 a@
power distribution. They efficiently convert flight controller instructions into Q{g
motor changes, allowing the drone to alter its direction and speed as requirgbe
S

Sensors for drones- Primary and Secondary Q

Drones come with a wide range of sensor systems, which are separded into primary
and secondary sensors, each intended for a particular purposé&’Primary sensors

usually include barometers for accurate altitude measurem accelerometers and
gyroscopes for stable flying, and GPS for precise n tion and positioning.
Conversely, LiDAR (Light Detection and Ranging) r (Radio Detection and

Ranging), ultrasonic sensors, multi-spectral, a@; ermal imaging devices are
examples of secondary sensors. These sensors,c e used for mapping, obstacle
detection, object recognition, and environme monitoring, among other things.
These sensor systems are essential for e &1 ing drone capabilities and allowing
them to carry out a variety of jobs accub and effectively.

Purpose and functionality of eagh mponent of multirotor drone

Based on application and r ments, selection criteria for drone components are
used (payload capacity, flg ime, range and communication, GPS and navigation,
camera and imaging uirements, regulatory compliance, etc.) Each part that
makes up a multirotq&ne has a specific role that adds to the overall functionality
and performanc e machine.

The frame gi %fhe other essential parts the support they need. The drone's motors
provide \q‘l t, move it forward, and control its movements. In order to provide lift
and lling, propellers are essential components that affect stability and
efficicacy. The flight controller acts as the drone's brain. It processes sensor data
Q perator 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.
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Drone Component Selection Criteria:

The choice of drone components depends on the intended application and the
particular operational requirements.

e 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 appropriaé)

communication systems.
e GPS and navigation play a critical role in enhancing navigation preci@ld

require the selection of suitable GPS systems and sensors. 0
e Camera and imaging prerequisites guide the selection of ras and
Sensors.

e Regulatory compliance necessitates adherence to local E@le regulations,
which can significantly influence the choice of componen¥e.

These selection criteria ensure that drone components eticulously tailored to
meet the demands of the specific application, be it a hotography, agricultural
surveying, surveillance, or any other specialized 1@

DID YOU 1{@‘\1&7?
%)

e Various countries had speci les regarding the maximum allowable
altitude and distance that d s could travel from the operator.

e Drone registration remai
operators needing to re

e With the increase j

in counter—dron&e
concerns.

a common requirement in many countries, with
er their drones with relevant aviation authorities.
nhe usage, there were discussions and developments
nologies and regulations to address safety and security

Ac%@ 1: Poster presentation on drone components
Qaterials Required:

e Poster boards or digital presentation tools

e Markers, coloured pens, or design software

e Diagrams, images, and reference materials on drone components
e Internet access for research (optional)

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

e Feedback forms (optional)
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Procedure:
e Brief explanation regarding drone and overall drone operations.

e Divide students into groups, assigning each group a specific drone
component (e.g., frame, battery, motors, flight controller, propellers, GPS,

etc.).
O

e Each group conducts research on their assigned component. They cre?@
poster that includes concise text, diagrams, and images to exp@ he
component's functionality, importance, and role in the drone syst’@.

e Each group prepares a short presentation (5-10 minutes) to acGempany their
poster. They should be ready to explain the compon% function and
answer any questions from the class. O

e Groups display their posters and present to t \class. Students should
explain the key features, purpose, and ication of their assigned

component. @

e After each presentation, encourage c@iscussion followed by feedback.

Check Your Progress

A. Multiple Choice Qu@,%ns

&

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

a) Generatmg@
Housmg@ ht controller
c) Providi ctural support

d) Co@&lhng motor speed

2 ich component of a multirotor drone is responsible for producing thrust
2 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 é
d) ESC (Electronic Speed Controllers) @

5. What is the function of Electronic Speed Controllers (ESCs) in a@ku‘otor

drone?
a) Generating lift
b) Controlling motor speed @
c) Interpreting sensor data C
d) Providing structural support \O

L

6. What is the primary purpose of the battery in a r@tor drone?
a) Interpreting user commands @

b) Generating lift

c) Providing power to the entire system . 0\

d) Controlling motor speed &\
x<

7. Which sensors are considered p& sensors in a drone?

a) Cameras and LIDAR

b) GPS and accelerometers A

c) Radar and ultrasonic sgRsS§Is

d) Thermal imaging dev%

&

8. What is the role
a) Measure altj

b) Ensure ﬂ@ ability
c) Detect 4 cles
d) Pro@ al-time data

9. @h sensors are classified as secondary sensors for drones?
S and accelerometers

g Cameras and LiDAR

c) Radar and ultrasonic sensors

d) Both Band 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 abou
weight distribution and the importance of ensuring that the drone is balanc

all axes. After assembling the hardware, there is a need to configure the. e's
software settings. This involves supplying power, setting up the flight oller,
calibrating sensors, and configuring the transmitter. It provides in g@ into the
software part of drone technology. é

Z

Step-by-step guide to multirotor drone assembly (Figure 2.@

i. Frame Assembly: Start by constructing the dro frame according to the
manufacturer's instructions, ensuring its stalj nd structural integrity.

ii. = ESCs and motor Installation: Secure t e@Cs onto the frame's arms and
establish the correct connections bety the ESCs and the motors.

iii. Propeller Attachment: Carefully Mnt the propellers onto the motor
shafts, ensuring they are correct sitioned and tightened, and adhere to
the manufacturer's recommen ns for propeller choice and mounting.

iv.  Flight Controller Setu “l*stall the flight controller at the frame's centre
and connect it to the &s. If necessary, integrate additional sensors like
GPS and gyroscop@per the flight controller's guidelines.

v. Power Systel'?onnection: Establish the connections between the ESCs
and the p istribution board. Connect the primary battery source to the
power %st , paying attention to cable management to prevent interference.

vi. T gnitter and Receiver Installation: Configure the radio transmitter
receiver. Bind the receiver to the transmitter and connect the receiver to
6 e flight controller. Ensure proper transmitter configuration and validate all

Q 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

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL



Drone Operator- Multirotor - Grade XI

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
ensure the security of all components. Revaluate all wiring and connecf
Validate the correct configuration of fail-safes, including Return—t\ga e
(RTH) and low-battery settings. §

xi. Inaugural Flight: Take your drone for its first flight in a sedQre and open
area. Evaluate its stability and responsiveness during @ initial flight.
Gradually advance to more complex maneuvers as you gams confidence in its

performance. L\
L

xii. = Ongoing Maintenance: Regularly inspect an@xold your drone. Monitor
for signs of wear and tear, damaged compO@lt , or loose connections. Keep

both firmware and software updated to Q e optimal performance.

i

Figure 2.2: Assembling multirotor drone
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DID YOU KNOW?

e 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.

e 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 intendedé

use. e

Activity 1: Dismantling and assembling a multirotor drone @Q
Materials Required: c;Q

e Multirotor drones (for dismantling and reassembli%}\

e Screwdrivers, pliers, and other necessary tools O

o Safety gear (gloves, safety glasses) é

e Workbenches or designated workspace

e Instruction manuals or guides for dron \‘ssembly

o Testing equipment (e.g., battery, re ’&ontroller, testing area)

Procedure:
e Explain the purpose &che activity to give students a hands on

understanding of the 3 al components and the assembly process of a

multirotor drone. 6’\,

e Review safety Xbcols with the students, focusing on the proper handling
of tools, ﬁ‘l ment, and components to prevent accidents during
n

disma% d reassembling.

J Th\' structor demonstrates how to dismantle the multirotor drone,
ighlighting important components such as the motors, flight controller,
ttery, and propellers. The instructor explains the function of each part as

Q@?ials removed.

e 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.

e Students begin reassembling their drones, following the instructor's
guidance and ensuring that all components are correctly placed and secured.

e Once the drones are reassembled, a brief test is conducted to ensure tha
each drone functions properly. This may include, checking the mo
movements, flight controller calibration, and overall stability of the dro@

N\
e Let students discuss any challenges they encountered and how t \Lands—
on experience deepened their understanding of drone bly and

operation. @

Q

Activity 2: Discussion on proper handling and installati(,){lt@omponents
Materials Required: éo

e Avariety of drone components (motors, fl%@ontroller, propellers, batteries,
etc.) . 0
e Hand tools (screwdrivers, pliers, et K\
o Safety gear (gloves, safety glasse%
1on slides

e Whiteboard/Markers or pre%ﬁ
¢ Instruction manuals or assgmbly guides

Procedure:
1. Explain how drone @ponents practices impact both the safety of the
operator and the rmance of the drone. Ensure to equip students with

the knowledge ﬁéﬁded to handle and install components correctly.

2. Provide &erview of the key drone components (frame, motors, flight
contm@ sensors, battery, propellers, etc.), briefly discussing the role of
eac ponent in the operation of the drone.

Séelate discussion about the proper methods for handling drone components
6 o avoid damage. This includes:

<

e Handling sensitive components like the flight controller and sensors
carefully to avoid electrical issues.

e Proper storage of components when not in use to prevent physical
damage.

e 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:

e Securing the flight controller and wiring it correctly to avoid short
circuits.
e Proper installation of motors and propellers, emphasizing correct
alignment and torque.
e Installing the battery and ensuring connections are secure to preven
power failure during flight. té
e Correct mounting of sensors to ensure accurate readings during ﬂlg@
N\
5. Safety measures to be followed while installing and handling co!@nents,
such as:

e Wearing gloves and safety glasses when handling cer{@'e{omponents to

prevent injury

e Ensuring the drone is powered off during assqﬂ@ to avoid electrical
shocks or accidental motor activation.

e Using appropriate tools to prevent da%ing components during
installation (e.g., using the correct scr@lriver size to avoid stripping

SCrews). \
0\@

Optionally, provide students with refer &materials or resources to help them
further explore proper handling and inpgtion techniques.

Check Your Progress

A. Multiple Cht@&mstions

1. What is @‘rimary purpose of ensuring the drone’s frame is stable during
asse
a) To ce the overall weight of the drone
gowde structural integrity and a strong foundation for other components
enhance the drone's speed and manoeuvrability
g 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? é

a) To make the drone lighter @
b) To ensure the cables do not interfere with other components or moven‘x\@
c) To make the drone look more organized

d) To improve battery life Q\)

5. What should be verified during the initial testing of the ass l@d drone?
a) That all motors spin in the correct direction and controlﬁuts are
responsive

b) That the battery lasts for hours

c) That the drone looks aesthetically pleasing éo

d) That the drone can fly long distances

6. Why is the transmitter and receiver conﬁ@lon critical during assembly? a)
a) To ensure the drone is powered on ﬁ
b) To enable communication between %one and the pilot, ensuring proper

control &
c) To improve the drone’s speed

d) To allow for video streammg&

7. What is the purpose o%,& tuning the flight controller's settings?
a) To make the dr ¢ lighter

b) To optimize mot% libration, control responsiveness, and flight modes for
better perform

c) To make one look better
d) To exte ttery life

8. W, i one of the key components to check during the final safety assessment
e drone?
Q e aesthetic appearance of the drone
) 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, inclu@lg search and
rescue, agriculture, surveillance, and aerial photography. cause of their
steadiness and flexibility, they are perfect for taking high- @ity photos, keeping

an eye on large areas, carrying out precision agricultural rations, and navigating
difficult locations. Below is a list of a few of the applj s (Figure 2.3).

e

ENERGY

Figure 2.3: Application of multirotor drones

o/
Agi %ture and Allied Sector: The use of drones in agriculture and allied sector
s 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.
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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-resolutig
imagery captured by drones are crucial to crop health assessment. Thr
targeted interventions, this real-time data helps farmers make i ed
decisions, optimize resource use, and enhance crop productivity§

iv. Power Line Inspection: Drones are employed for aerial sureys of power
lines and transmission structures, eliminating the need %@erﬂous manual
inspections. They capture high-quality images for e evaluation of
structural integrity and maintenance requirementf.\' L\

v. Wildlife Monitoring: Drones contribute to ‘@Pe conservation by aiding
researchers in tracking animal populatio oBserving migration patterns,
and combating illegal poaching. They ol@e a non-intrusive approach to
observe and safeguard wildlife in thez\%.lral habitats.

vi. Oil and Gas Exploration: Dron%& utilized for surveying and monitoring
pipelines, oil platforms, an(jlﬁ er facilities in remote and challenging
terrains. They enhance safeti\Dy reducing human inspection in hazardous
environments. é&

vii. Land Surveying: \aging LiDAR and photogrammetry technology, drones
create precise models of landscapes for land surveying and cartography
purposes. Th pedite surveying projects and cut down on expenses.

viii.  Disast @nagement: Drones facilitate disaster response by delivering
real-t aerial imagery to assess destruction, locate survivors, and

S éQe ize rescue operations. They are integral in evaluating natural
isasters like earthquakes, floods, and wildfires.

Q% 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 Al can spot
poachers in protected areas, bolstering wildlife preservation.
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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. é

iv. Weather Forecasting: Equipped with weather sensors, drones e
weather forecasting precision by collecting data at various g\
ameliorating storm tracking and climate studies. \)

v. Personal Assistance: In the future, personal assistant drones¥puld perform
tasks like fetching items, providing reminders, or e @ helping with
household chores. O‘é

Activity 1: Exploring real-world apphcat&ﬁé‘?f' multirotor drones

Materials Required:
e Presentation slides or projec for overview of drone applications
e Whiteboard or flipchart ote-taking

e Markers, pens, and for group discussions
e Access to researc es or case studies on drone applications (optional)

Procedure: 5{\

1. Introdpc
Aa eﬂy explam the importance of understanding the diverse
pplications of multirotor drones to fully harness their potential.
Outline the objectives of the activity.
%%resentatlon
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.
e Highlight the benefits of drones in each field, as well as some of the
common challenges.
3. Group Division:
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o Divide participants into small groups, assigning each group a
specific application (e.g., agricultural monitoring, disaster
management, cinematography, etc.).

o Distribute any supporting research material or case studies if
available.

4. Group Discussion:
o Each group discusses their assigned application, focusing on:
e How drones are currently used in the application.
e The benefits of using drones in this field. é
e Challenges involved (e.g., regulatory, technical, cost). \QQ
e Emerging trends or technologies that could impact thig %
application (e.g., Al integration, improved battery lifgo\}.).
e Ways to optimize or adapt drone technology for t@
performance in this field. &

e Encourage participants to share personal experien r examples

they may know about drone use in their assigned‘éld.
5. Conclusion:
¢ Conclude the session by summarizing key i&ights from each group

discussion. $

e Emphasize the importance of under@n ing and leveraging drones
in real-world scenarios for varioug i stries.

0

6. Safety Considerations:

Ensure that any practical de,ﬁ’strations or live drones used in the
activity follow appropria‘§$ ty guidelines. Remind to handle any
drone-related materials

discussing drone opﬁ%ons.

care and follow safety protocols when

Check Your Progress

9

A. Multiple (@ce Questions

1. Wha \ﬂhe primary benefit of using drones in precision farming?

a) In ing the cost of agriculture

b ancing agricultural productivity through targeted interventions
educing 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 é
b) They increase the cost of inspections ‘QQ
c) They eliminate the need for weather reports . %

d) They replace the need for electricity §

5. How do drones aid in wildlife monitoring? Q
a) By building habitats for endangered species @
b) By tracking animal populations and combating poaching C

c) By planting trees to create wildlife sanctuaries L\

d) By feeding wildlife in protected areas O\.

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

a) They increase the number of manual inspeqti

b) They monitor pipelines and facilities in ha%ous environments
c) They replace oil rigs ﬁ\

d) They produce oil in remote areas \Q

o

7. Which technology do drones us reate 3D models of landscapes for land
surveying? é&

a) GPS 0

b) LiDAR and photograrrﬁ;s%ry

c) Radar ;5\\'

d) Thermal camera 0

a) By moQ1 g power grids during disasters
b) By B(e ng real-time aerial imagery to assess damage and locate survivors
c)

acing emergency rescue teams
d) irecting traffic

b

Which futuristic application of drones involves monitoring traffic flow?
a) Anti-poaching

b) Traffic congestion alleviation

c) Weather forecasting

d) Personal assistance

8. How do d%;assist in disaster management?

10.What role do drones play in structural health assessment?

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL



Drone Operator- Multirotor - Grade XI

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 comprehensi&é&erview
of mounting payloads on drones and interpreting the visual data they c re.

The session 1, begins with an exploration of how to securely mou arious payloads,
such as cameras, sensors, and other equipment, on dro ‘Q) optimize their
functionality for specific applications. Techniques and bggtypractices for payload
integration, ensuring stability and proper weight distlsQ ion to maintain drone
performance and safety is also explained. éo

Session 2, shifts focus to interpreting visual im@ and videos captured by drones.
It covers the methods for analysing aerial im B(y, understanding the data captured
through different sensors, and applying @s&8e processing techniques to extract
meaningful information. Practical exerci ill include reviewing and analysing real-
world drone footage to develop skil ®1mage interpretation, which is crucial for
applications such as surveying, in ion, and monitoring.

Learning Outcomes

After completing@g module, you will be able to:

° Diffﬂgéte between drone payload types, including dispensable, non-
nsable, active, and passive payloads.
° cribe key payload features and components of drone.
evelop skills for mounting payloads on multirotor drones, ensuring balance,
Q secure attachment, wiring, and safety.
e 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 pay, gs
Payloads, such as cameras, sensors, or sprayers, are essentlal
capabilities for different applications. Understanding how t
mount these payloads ensures optimal performance, g&g
drone operations.

on a drone.
tending a drone's
curely and efficiently
ty, and safety during

Let us understand this with an example. We all gone to school with a backpack
full of essential items similarly a drone also catNes a payload for its tasks figure 3.1.
In this analogy, the school bag is comparg to the payload for the student, and

correspondingly, the drone has a payl at serves its specific functions. Books
and supplies help students carry what need. Specialized equipment helps drones
transport their cargo. Both are desgghed for efficient item transport. It is a practical

the help of a well-designed p . The amount of weight that a drone can carry in
addition to its own weight ¥¥nown as its payload. It comprises the drone plus any
add-ons like cameras, se rs, or packages (Figure 3.2).

>

—_—

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

( -
%

Figure 3.1: Similarity in backpack and payload functioning
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. s

O
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-

: . xO
Figure 3.2: Drone carrying paqu?

O
Types of payloads @é

The various categories of payloads, which e \Qmpass dispensable payloads, non-
dispensable payloads, active payloads, and@@sive payloads:
i. Dispensable Payloads: Disp @Ie payloads refer to components or objects
that a drone can release or during its mission. These items may include
sensor packages, cargo,io,]*:ven smaller drones that are released at specified

points in the flight. It § olved in the aerial delivery of supplies, scientific
instruments, or se@bknd rescue equipment.

ii. Non-Dispens?ﬁ’Payloads: Non-dispensable payloads are components or
devices t ( main affixed to the drone throughout the entire mission.
Typically, se include sensors, cameras, communication equipment, or any

used for data collection or specific functions. Non-dispensable

ds are essential for tasks like aerial photography, mapping, or
illance.

i¥”) 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 im
and videos. They range from cameras optimized for aerial photogr to
thermal imaging cameras for night-time surveillance. .\@

vi. Sensors: Sensor payloads are essential for data collection @stis. 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 good@‘e utilized to transport
items from one location to another. These m@nclude cargo containers,
packages for food delivery, or supplies for rer@ reas.

viii. = Devices: Device payloads consist of v r@s tools or instruments used for
specific purposes. This category ence sses robotic arms for manipulating
objects, communication devices, a \ientiﬁc instruments.

X
Features of payloads &

Drone payloads includes a wid ge of components and systems, catering to diverse
applications and needs. Thg ayloads include:

9

i. Cameras and I ing Systems:
Standard RG eras for capturing colour images and videos.
Infrared ( meras used for thermal imaging and night vision.

Mu%&t 1 and hyperspectral cameras for applications in fields like

agric e and environmental monitoring.

ii. IQAR (Light Detection and Ranging): LiDAR sensors employ lasers to
%%-easure distances and generate detailed 3D maps of the surroundings,
Q commonly used in mapping and surveying.

iii. Semnsors: 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. 6

vi. Weapon Systems: In military applications, drones may be equlppge\ th
weapon payloads for reconnaissance and, in some cases, missions. .

vii. Communication and Signal Relays: Drones can transpo ségumcatlon
equipment to boost network coverage or provide signal relay 1anote locations

viii. Audio Equipment: Integration of microphones and Qeakers for various
purposes, including surveillance and Commumcatlox
ix. Data Transmission and Storage: Drones a&pioally equipped with data
storage and transmission systems to colle@n transmit data to operators or
central locations. \

*

\refers to the process of exchanging or
payload) carried by a drone during its
igned with the capability to quickly swap
ission requirements.

x. Payload Swapping: Payload swappi
switching the cargo or equipm
operation. Certain drones ar
payloads to adapt to differ:

xi. Photogrammetry a@ping: It refers to the use of aerial imagery captured
by drones to cr accurate maps, 3D models, or measurements of

landscapes, stg§:cures, or objects. Drones equipped with high-resolution
cameras or s@x lized sensors capture overlapping photographs from various
angles. P s specialized for aerial mapping and the creation of 3D models

of terr ard structures.

Xii. t}& and Rescue Equipment: Drones can be equipped with equipment like
mal cameras and life-saving devices to assist in search and rescue
%%peratlons

gyload 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. é

iv.  Secure the Payload: Employ suitable mounting brackets, straps, or ha@ re
to firmly attach the payload to the drone. This step is vital to p@ any
shifting or displacement during flight.

v. Connect Wiring and Interfaces: Establish connections betWw{en the payload
and the drone's power distribution unit and control sys@m. Verify that all
connections are securely fastened and properly 1nsulaﬁ to avert electrical
issues during flight. \\

vi. Calibrate as Needed: If your payload req@calibration, adhere to the
manufacturer's guidelines to ensure preci peration. Align the payload with
the drone's guidance system if necessa&@)

vii. Perform Safety Inspections: Con }‘a thorough safety check, examining all
connections, fasteners, and wiri nsure there are no loose components that

could pose a risk during ﬂig@

viii. = Ground Testing: Befor ’@(e—off, initiate a ground test to confirm that the
payload functions aier nded. Assess its responsiveness to commands and
ensure accurate ansmission and recording.

ix. Carryout Testing: Following a successful ground test, execute a
controlle gtest in a secure, open area. Pay close attention to how the
paylo ences the drone's flight characteristics. Evaluate various flight
man %es to verify the payload's proper functionality.

Qa Collection: Purpose of payload is for data collection (e.g., cameras or
%ovgensors), review the data acquired during the flight test to ascertain that it
Q 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 an&@
connections to uphold continued safe and efficient operation.

*

Activity 1: Drone laboratory visit for payload observation \9

O\'
Materials Required: é

e Drones with various payloads (cameras, s@)rs)
e Laboratory setup and display tables .\0,\
e Instructional materials (slides, cha
o Safety gear (glasses, gloves) X3
e Observation tools (magnifyir%’@ses, cameras)
e Discussion materials (whitqboard, pens)
e Laptops/tablets (option % specs/videos)
e Resource handouts hures)
(@onal)
e Audio-visual e% ent (projector, screen)

Procedure: 0K

e Evaluation forms

1. Dr equipped with different payloads (e.g., cameras, thermal sensors,
, GPS, delivery systems).
2 aboratory space or a drone testing area with a sufficient number of drones

6 and payloads for observation. Display stands or tables to showcase different
Q 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 toyur
for later reference and discussion. 6

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

Check Your Progress

A. Multiple Choice Questions \O

L

1. What is the primary consideration when determi@he mounting location for a

payload on a multirotor drone?
a) Payload weight @
b) Aerodynamics . @,\
c) GPS signal strength ﬁ\
d) Manufacturer's logo 0\'0
2. Why is achieving payload balanc portant during the mounting process?

a) To make the drone heavier é

b) To ensure flight stabilit 0

c) To reduce aerodynaﬂ%ag

d) To make the paylo%' ore visible

>

3. What should @&nployed to firmly attach the payload to the drone during the
mounting pgoce¥s?

a) Loose %

b) Str 3\0 mounting brackets

o wabahs

d) %ecured clamps

» 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

S. 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

L

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

process? | ' \SO

a) To prove the drone's existence

b) To evaluate the quality of the ground test Q
c) To ensure compliance with regulations %,
d) To ascertain that the payload meets requirements C

8. What should be documented during the payload mo18§i.ng process?
a) The manufacturer's contact information

b) The payload's favourite colour

c) Installation, calibration, and adjustments Hﬁ(@

d) Local weather conditions

9. Why is adherence to regulations emp{?@ed in the context of payload mounting?
a) To increase payload visibility Q

b) To avoid manufacturer warrantie

c) To ensure safety and compli% with legal requirements

d) To make the drone stand

10.What is a key consi %on for ongoing maintenance after mounting a payload?
a) Ignoring regular j ections
b) Consistently j cting and maintaining the payload and its connections
c) Documen process only during the initial installation
) Flying th ngne without any payload for increased speed

O
2

<

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL




Drone Operator- Multirotor - Grade XI

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 é

This process includes developing In . éo

methods and tools to analyse visual data, typically in the form of imag@videos.
These techniques enable the extraction of valuable insights, involvin @ s such as
object detection, image classification, and recognition. Let us eéore important
features of visual interpretation using pattern recognition and@lachine learning

algorithms: O
X
L

i. Image Pre-processing: Prior to applying machih€ learning algorithms, it is
customary to perform image pre-process; enhance their quality and
suitability for analysis. This can en or@ss tasks like resizing, colour
correction, noise reduction, and stang ation.

QO

ii. Feature Extraction: To analysex&ges effectively, it is essential to extract
relevant features from them. e features might involve textures, shapes,
colours, edges, or other vis elements. The specific technique for feature
extraction can vary depe&d%lg on the problem and dataset.

iii. Machine Learnir%\yodels: Various machine learning algorithms are
employed in 1% terpretation, including Convolutional Neural Networks
(CNNs), Supp% ector Machines (SVM), Random Forests and Decision Trees.

iv.  Object ctlon Object detection is a computer vision task that identifies

and 1 iﬁs objects within images or videos using bounding boxes. A critical

ent of image interpretation is the identification and localisation of

@(t;ts within images. Object detection algorithms are used to pinpoint objects
6%‘ interest and draw bounding boxes around them.

Q. 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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Semantic Classification Object Instance
Segmentation + Localization Detection Segmentation
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vi. Semantic Segmentation: In this process, each pixel i Qimage is classified
and assigned to a specific class. It is commonly’@ed for purposes like
identifying objects and outlining their boundaée in medical imaging or
autonomous driving. ﬁ

vii. Pattern Recognition: It involves identifyi larities in image data. This is
used for tasks like facial recognition ﬁcking objects. Drones analyse
patterns to navigate, detect targets . @recogmze specific features in their
environment.

Figure 3.3: Stages of Image processing

Image interpretation boastg extensive range of applications such as,
spanning autonomous velicles for obstacle detection and road analysis,

healthcare for medical j e analysis and disease diagnosis, security and
surveillance for facia gnition, object tracking, and anomaly detection, and
natural language rstanding, where images are interpreted to generate

textual descript@ (image captioning).

Image in@&&gtion presents challenges due to factors like variations in
lightin%e spective, occlusions, and more. The annotation of large datasets
for ¥ig can be resource-intensive, necessitating the development of robust
r@&ls capable of handling real-world conditions.

V&nterpretation

gsing 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:
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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 thege
areas can be detected and reported. @6

iii. Thermal Imaging: Drones can employ thermal cameras to detect alies
not noticeable in regular RGB imagery. This proves especiall eful for
identifying heat signatures in low-light conditions or obscurew onments.

Video Analysis for Crowd Detection and Monitoring: ‘QQ
i. Crowd Counting: Crowd counting with drones inv&@s using aerial footage
and image processing to estimate the number o ople in a crowd, helping
with crowd management and safety. Dro n utilize computer vision
algorithms to estimate crowd size and denst t various events, protests, or
public gatherings. This information is ir@iable for event organizers, law
enforcement, and emergency response/2ms.

ii. Safety Monitoring: Drones eq d with cameras can oversee crowds for
safety concerns, such as inting overcrowded areas or identifying
individuals in distress. Thi rucial for ensuring the well-being of people in
large-scale events. é

iii.  Behavioural Anaﬁ.ﬁs: Drones can scrutinize crowd behaviour to detect
unusual or g§gn ially hazardous activities, such as altercations or
stampedes. @t ction of such behaviours can trigger alerts for timely
interventj

iv. Se%@nd Rescue: In search and rescue missions, drones can be deployed

\e ect and locate individuals or groups in remote or disaster-stricken

ons. Video interpretation assists in identifying survivors or those requiring
%ouassistance.

?v. Real-time Monitoring: Drones offer real-time video feeds to command
centres, where human operators or Al 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 safeguagd
individual’s privacy. ®6

Battery Life: Drones have limitations in terms of flight duration due §ttery
constraints. Enhancing flight time and optimizing power consumption a@votal for

continuous monitoring. Q\)

Weather Conditions: Unfavourable weather conditions, such a @tong winds, rain,
or fog, can affect a drone's ability to capture and interpret vi&s ata effectively.

Activity 1: Interpretation of drone—captur&&xsuals

X
Materials Required: ;@

e Samples of drone-captu ages and videos

e Computer/laptop wit lysis software (e.g., GIS software, photo-editing
tools) O

e Projector or larg%}('ii play for demonstrations

o Notepads and@ s for students

e Internet &s (optional, for additional resources)

e Refere :Qlterials or case studies for real-world applications

Q

Proced

. &I[ine the objectives and what students should learn from the activity
%istribute or display drone-captured images and videos.

Q Provide context for each sample and highlight what to focus on during the

analysis.

o Teach techniques such as scale analysis, colour analysis, and pattern
recognition.

e Show examples of how these techniques are applied using a projector or
display.

o Present case studies that showcase drone imagery applications in fields like
agriculture and disaster response.
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e Engage students in discussing how drone imagery impacts decision-making
in these areas.

e Guide students through a hands-on analysis using provided software tools.

e Encourage students to explore different ways of interpreting visuals.

o Divide students into small groups to discuss their findings and share
interpretations.

e Promote collaborative feedback and collective learning.

Activity 2: Data analysis and visualization using drone-captured imagery é

2

Materials Required: . éo

AN

o Datasets of drone-captured images and videos \SO

o Computers/laptops with data analysis and visualization soft‘Qre (e.g.,
Python with Open CV, GIS software, or specialized visualj @on tools)

e Projector or screen for demonstrations 6

e Reference guides or tutorials for the software \O

e Notepads and pens for students to take notes

X
Nl
Procedure:

e Start by explaining the importance of d@alysis and visualization for
interpreting drone-captured imagery.
e Discuss real-world applications su \s urban planning, environmental

monitoring, and agriculture. X3

e Introduce image and video @cessing steps, including filtering, resizing,
and noise reduction.

o Demonstrate these techgigQes using sample images.

e Present different an methods, such as object detection, segmentation,
and classification!

e Show how thesi{%ethods help extract to meaningful information from drone
data.

e Introduc ualization tools and techniques to create maps, charts, and

anno@l images.
e D trate how to use these tools effectively to present findings clearly.
o E\Ee students through using the software to analyse sample data.
o rovide step-by-step instructions for applying techniques like object
detection and generating visual outputs.
Q e Encourage students to experiment with different visualization styles.
e Provide resources or suggest further learning opportunities to deepen their

understanding.
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Check Your Progress

)
R
6.
a)
b)

)
d)

A.

Multiple Choice Questions

. What is the primary purpose of image pre-processing in drone-captured visuals?

Increase image brightness é
Enhance image quality and prepare for analysis @
Convert images to black and white . éo
Reduce the number of pixels \

\®)

. What is semantic segmentation primarily used for in image anal@s.

Counting objects in an image @
Classifying entire images into categories ‘Q
Assigning each pixel in an image to a specific class \’O

Changing the image resolution

O\'

. What is the role of drones in crowd monitoring at ¥arge events?

Increasing the speed of attendees entering
Counting attendees and monitoring for safi
Creating aerial advertisements {\
Enhancing lighting for nighttime everq{'@

What type of imaging is particul@useful for detecting heat signatures in low-
light or obscured environmeﬁ

Multispectral Imaging

RGB Imaging ’\,0

Thermal Imaging %

Panoramic Imagi &

Which chal e@ can significantly impact the quality of video data transmission

of the drone
Unf4dvoprable weather conditions

%@wight of the flight path

e weight of the payload

In search and rescue operations, how do drones primarily assist in locating
individuals?

By using sonar technology

Through video interpretation and pattern recognition

By releasing beacons

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 é
c) It improves the aesthetic of the event \QQ
d) It provides clear night vision without infrared . %

AN

9. What is a significant drawback of drone battery life during video Q}@t ring

missions?
a) It restricts the drone's speed @
b) It limits the duration of continuous monitoring C
c) It affects the video resolution \O

d) It causes overheating of the drone camera
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Aerodynamics and
Module 4 Configuration of Multirotor Drones

Module Overview

The module aerodynamics and configuration of multirotor drones provj @an in
depth exploration of the principles and practices essential for the effectb&peration
and maintenance of multirotor drones. Q

Session 1 covers the aerodynamics and flight principles of dr@ focusing on lift,
thrust, drag, and weight. Students learn how these forces a%c drone stability and
manoeuvrability. L\

L
Session 2 explores different multirotor drone conﬁgl.égls and how design impacts
performance for specific tasks. @

In session 3, maintenance procedures are d'@\\ssed, including regular inspections,
component replacements, and troublesh ég. This session combines theory and
practical skills to optimize drone perfor,gg’ce and ensure safe operation.

Learning Outcomes

After completing this \dule, you will be able to:

e Define thes{Iiticance of aerodynamic forces (lift, thrust, weight, drag)

e Demongtra€ the application for stable and efficient drone flight.

. Ider@fferent flight modes (manual, stabilized, GPS-assisted, autonomous)
ba n operational needs.

° egcribe the importance of regular drone maintenance and develop practical
ills in basic tasks such as cleaning, propeller replacement, and pre-flight
6 checks.
Q e 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 ﬁ@ciples that governs
drone operation. Understanding these principles is essenti r ensuring stable and
efficient flight, as they dictate how drones interact with¥he environment. The four
primary aerodynamic forces lift, thrust, weight, and play crucial roles in flight
dynamics. Different flight modes also impact dron@e rmance and manoeuvrability.

Mastery of these concepts enhances effectiv d safe drone operation in various
conditions. Let us understand with an exan@\e. In a quiet village, a teenager watched
birds flying and got an idea to make a g toy figure 4.1. He made the toy with
wings to lift it, propellers to make it @rward, and a smooth shape so it could glide
easily. When he tried it out, the to nicely, just like the birds figure 4.2.

People from the village ca Q) see the toy. He was thrilled that his creation
demonstrated how peopl#> nature can collaborate to achieve remarkable things.
It was a simple toy, b;%’t' ade the sky look even more awesome. Now this toy can be

called as micro drongslsn't it fascinating to fly a drone in the sky?

For operating, ti/ drone let us understand the basic aerodynamic principle of
aerodynami %perating a drone in the sky can be a fascinating experience. To
underst e basics of aerodynamics for drone operation, let's break it down.

Fi%ust imagine about the drone's wings or propellers. These are like the wings of
g) but designed differently. When the propellers spin, they create lift, which is the

ce 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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Figure 4.1: A villager watching a drone v

7

a

Figure 4.2: Villager flying a toy

When the dr Qoves through the air, it encounters resistance. This is known as
drag. Dra e resistance force that opposes an object's motion through a fluid,
such a@g lowing it down. In drones, drag affects flight efficiency and speed. To

his resistance, the drone is designed to be aerodynamic, meaning it can

mini
%a.ﬂlrough the air smoothly. Less drag makes it easier for the drone to fly and
Qa euvre

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.
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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. é

Aerodynamic forces (lift, thrust, drag, weight) ‘QQ

*

Drones utilize fundamental principles of aerodynamics and ﬂighka}o\ operate
effectively. These principles include the following key elements: Q\)

i.  Lift: Lift is the upward force that counteracts gravity an @lows the drone to
become airborne. It is typically generated through the rotafion of rotors (in the
case of multirotor) or the shape of wings (for fixed-wkga/drones figure 4.3).

resulting force f)\'

lift P

L thrust
»
>

direction of flight

Fr g

s\\' /| weight

dgure 4.3: Aerodynamic forces on flying bird

ii. Thxp§tY Thrust is the forward force that propels the drone through the air.
irotor employ propellers, while fixed-wing drones rely on engines or
tors to produce thrust, determining the drone's direction of motion.

Ql. 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. é

vii.  Flight Controllers: Flight controllers are electronic components that i@et
sensor data, regulate motor or engine outputs, and ensure the dro@ ains
stable and follows the desired flight path. 0

viii. Autonomous Flight Systems: Many drones are equipped WiQGPS and other
sensors to enable autonomous flight. These systems @e tasks such as
maintaining position, following predefined flight pathg,énd returning to a
specified home point. \\O

ix. Batteries and Power Systems: Drones r@ batteries or other power
sources to provide energy for propulsiogncOntrol systems, and on-board
electronics. The choice of power sourcﬁ@ecﬂy affects flight duration and

performance. .\@.

X. Aerodynamic Stability: Drone ’& designed to be aerodynamically stable,
meaning they can maintair& orientation and stability without constant
manual input, crucial for : nd controlled flight.

xi. Remote Control ox? opilot: Drones can be operated manually through
remote control o nomously by following pre-programmed flight plans.
Remote pilots transmitters to control the drone, while autonomous drones
execute instn&ns from on-board software or ground control stations.

Control surf@sand stability

Control s es are essential for adjusting a drone's flight direction, while stability
ensurg sjnooth, controlled movement during operation. These are:

9 Pitch: It refers to the rotation around the lateral axis, causing the drone to tilt
Q‘ 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). é

2

Pitch Roll )

Y.

Figure 4.4 ﬂ%lynamic motions of drone

Flight Modes
X

Flight modes are differgnt s€ttings in drones that adjust control parameters, allowing
pilots to optimize peé&ance for specific tasks or conditions. These are:

Manual Mode; IQanual mode, the drone is entirely controlled by the pilot through
a remote co %&'transmitter. The pilot has direct control over throttle, pitch, roll, and
yaw. Thj de is often used for acrobatic manoeuvres and requires the pilot to
main% tability and control.

Q&ized 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 trac@
moving object), obstacle avoidance mode, or precision landing mode. \0

The selection of a flight mode depends on the pilot's skill level an ntended
purpose of the flight. Beginners may find stabilized and GPS- § d modes,
beneficial for added stability and safety, while experienced pilots ma opt for manual
mode for more precise control. Professional users often rely on @tonomous modes
for intricate missions and data collection. Understanding and g@roprlately choosing
the suitable flight mode is vital for successful drone operatk

*

Activity 1: Aerodynamics in drone ﬂlght &

Materials Required: &

e Whiteboard or chart for; @al explanations
¢ Small multirotor dr. \

e Propellers for the e
QL
Procedure: 0’
e Introduc principles of lift, thrust, drag, and weight using a whiteboard

orc , £xplaining their relevance to drone flight.
o Fl multirotor drone and demonstrate how changes in rotor speed impact

Q? rone's ascent, descent, and horizontal movement, highlighting the
elationship between rotor speed and flight stability.

Conclude with a summary of the key aerodynamic concepts, emphasizing
Q their importance for drone performance.

Activity 2: Exploring drone flight modes

Materials Required:
e Multirotor drones with various flight modes
e Remote control (transmitter)
e Drone batteries
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e Flight space (indoor or outdoor)
e Markers or cones to define flight area (optional)

Procedure:

e Introduce participants to common drone flight modes: manual, stabilized,
GPS-assisted, and autonomous.

e Discuss the purpose, features, and benefits of each mode.

e Fly a drone in each mode, demonstrating how control responsiveness and é
stability differ. (%)

e Explain the scenarios in which each mode is best suited, such as ma for
expert control and GPS-assisted for stability in outdoor environmeXN

e Allow participants to fly the drone in each mode, starting with s@
mode for easier control.

e Gradually introduce more complex modes, guiding partici;@its as they
observe changes in drone behaviour.

e Engage participants in discussing their experiences,@ the differences
observed between flight modes. X

e Offer guidance on selecting the appropriate n%@ased on flying conditions
and objectives.

ized

e Summarize key insights from the session \emphasizing the importance of
understanding flight modes for effectjv@rone operation.
)

Check Your Progress

A. Multiple Choice Que%&}

1. What is the prima of lift in drone flight?
a) To move the dron{%ward
b) To keep the d stable
c) To counter@gravity and keep the drone airborne
d) To redu 1Y resistance
2. Qof the following forces is responsible for pulling a drone towards the
&
rus
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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¢) 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 é

2

S. Which aerodynamic principle is responsible for reducing air resistance {\éo
drone? 0

a) Lift \)

b) Thrust Q

c) Drag @
d) Control surfaces C

O
6. What feature does GPS-Assisted Mode provide to im@;} drone stability?
a) It allows for manual control of the drone’s orienta'ﬁ}
b) It uses GPS to maintain a fixed position and re ome automatically.
c) It reduces the speed of the propellers for stab{
d) It limits the drone’s flight altitude.

7. What is the purpose of control surfag?gﬁ a drone?

a) To generate thrust for flight &
b) To provide stability and help adjudt the drone’s orientation

c) To reduce drag
d) To control the drone’s bag{ ife

)

8. Which sensor helpsgiaintain stability and level flight in a drone by measuring its
orientation and acci ion?

a) GPS Q
b) Gyroscope @
c) Propeller

d) Accebﬁm ter

9.% anual mode, what level of control does the pilot have over the drone?
control over direction or speed

g 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

NS
The configuration of a multirotor drone refers to its design, including th@nber and
arrangement of rotors, which influences stability, manoeuvrability, erformance.
Multirotor drone configurations can be designed to include fegptures like thrust
vectoring and differential thrust, which enhance their conﬁ@ and manoeuvring

capabilities: \O
Thrust Vectoring EO\'

Thrust vectoring involves the ability to change t@iirection of the thrust generated
by the drone's rotors. This can be accomplish?by tilting the rotors or by employing
mechanisms that adjust the thrust's orie affon. In a thrust vectoring setup, the
rotors may be mounted on movable gim. @ or arms that enable them to pivot or tilt
in different directions. By altering th r orientation, the drone gains the capability
to exert force in specific direction is empowers the drone to perform intricate
manoeuvres, including pitch, r L*nd yaw control, without solely relying on changes
in rotor speed. Thrust vect 2’ enhances the drone's agility, making it more
responsive and proﬁcient@ cuting rapid and precise movements (Figure 4.4).

& :
L",;‘\ Lif

B

Gravity

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. é

Differential thrust is a valuable method for controlling the drone's heading W
without affecting its pitch or roll, making it essential for maintaining 8 and
controlled flight. This technique is especially handy for multirotor dron gt lack a
dedicated yaw control surface, which is a common feature in ﬁxed—@m@mrcraft.

The combination of thrust vectoring and differential thrust @abilities provides
multirotor drones with advanced control options. These feaWdres are frequently
integrated into high-performance drones used for activities‘LQ aerobatics, precision
photography, and specialized missions. Through adju nts in thrust vector and
rotor speed differentials, drone pilots gain greater c over the drone's orientation
and movement, resulting in more versatile and C@b e flight capabilities.

Activity 1: Yaw and Pitch cont&*sing thrust vectoring
Materials Required: é\o

e Multirotor dr %\Nith thrust vectoring capabilities
¢ Remote c O‘gr

o Outdogr sM¥€ flying location

. Saf%1 r (e.g., goggles, gloves)

. DC;Q inspection tools (if necessary)

Pr re:

Q e Select a safe outdoor location for flying.
e Inspect the drone to ensure it's in good working condition (check propellers,
battery, and sensors).
e Review safety protocols and ensure participants are familiar with drone
operation rules.
e 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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e 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.

e 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.

e The drone is flown through coordinated manoeuvres, such as banking turns,
demonstrating how both yaw and pitch can be controlled simultaneously f<6
precise flight. @

Check Your Progress

A.Multiple Choice Questions C
xO
1. What is thrust vectoring in a multirotor drone? Xo
a) The ability to control altitude SO
rated by the rotors

b) The ability to change the direction of the thrust ge
c) The ability to adjust the drone's battery power @
d) The ability to control the drone's yaw using r speed differences

2. What is the main advantage of thrust &&oring in drone flight?

a) It allows for longer flight times

b) It improves the drone's ability to@form rapid and precise manoeuvres
¢) It increases the drone's payl apacity

d) It reduces drag during ﬂi’g{l'é

3. How does differenti Iﬁst control yaw in a multirotor drone?
a) By adjusting the sp& of all the rotors equally
b) By increasing Qg‘e reasing the speed of rotors on opposite sides

c) By adjusting t itch and roll control surfaces

d) By chan@me drone's altitude

4. Wh, @e primary benefit of using differential thrust in a drone?

a)l eases battery life

lows for fine control of the drone's yaw without a dedicated control-surface

cNt improves the drone's speed and range
d) It enhances the drone's payload capacity

S. 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? é

a) When the drone is flying at very high altitudes @
b) During high-speed aerial manoeuvres without a dedicated yaw control K\@?

c¢) For long-duration flights
d) To increase the drone's payload capacity Q\)

8. What is the relationship between differential thrust and the @'3 yaw
orientation?

a) The difference in rotor speeds creates torque, altering the@zv orientation

b) Differential thrust controls pitch and roll L

c) Differential thrust adjusts the drone's altitude ﬁo

d) Differential thrust helps the drone move in a s line

9. Which feature allows multirotor drones to.@rm intricate manoeuvres like
pitch, roll, and yaw control without sole ying on changes in rotor speed?
a) Differential thrust
b) Thrust vectoring @0
c) Autopilot systems
d) Flight controllers

10.Why are thrust vectorl@d differential thrust important in high-performance

drones?
a) They help in lon xe flights
b) They enable [@\ e control for aerobatics, photography, and specialized missions
c) They incre tMe drone's weight capacity
d) They im@ 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

O

i. Regularly clean the drone's exterior, including the frame, moto% d

propellers. %)
ii.  Use a soft brush or compressed air to remove any accumulated \, dirt, or
debris on the drone's surfaces. \)
iii.  Ifthe drone has a camera, gently clean its lens with a microﬁchloth to ensure
clear and unobstructed visuals. ‘QQ
Lubrication \O

L

i.  Apply lubrication to moving parts, like g@s or hinges, as per the
manufacturer's recommendations.

ii. Ensure not to over-lubricate, as excesg lt8?ication can attract particles and
impurities. .
Q}{b

i.  Inspect the propellers for a gns of damage or wear and replace them if you
notice cracks, nicks, or mations.

ii. Make sure to instal e appropriate propellers in accordance with the
manufacturer's gl@ nes, as different propellers may have specific rotation

directions. ;5\\'
. {b
Motor Mamten@ :

Propeller Replacement

i. Chﬁ%{e motors for loose screws or connections, making sure they are
@r ly fastened to the frame.

ii. attention to any unusual noises or vibrations when the motors are

nning, as these could be indicators of mechanical issues that require

Q 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 calibratig

Post-flight Checks: Q@
o

i.  Following each flight, inspect the drone for any signs of dam&e\\such as
propeller issues, frame dents, or cracks.

ii.  If the drone was exposed to dust, dirt, or environmental con 1nants during
the flight, perform a thorough cleaning.

iii.  Download and review drone flight logs and data to chec&r any irregularities

or error messages that might indicate problems du he flight.
iv.  Store the drone and its components in a secure protective environment.
v. Regular maintenance is indispensable for ging the drone's lifespan,

ensuring safe flights, and preserving op‘@l erformance. Adhering to the
manufacturer's maintenance recomm ons and guidelines is vital to
prevent problems and accidents durin\ one operation.

Storage of drones \6

Storing drones correctly is crucia guard it from harm, uphold its performance,
and guarantee its durablhty H re some key factors to be considered while storing
drone:

i. Drone Cleani Betfore putting drone into storage, make certain that it is free
from dirt, d and debris. Employ a soft brush, compressed air, or a
microfib th to eliminate any contaminants from the drone's exterior,
motop@n propellers. Don’t use water while cleaning drones.

\( Care: Drones often employ LiPo (Lithium-Polymer) batteries, which
besmtate specific handling. Extended storage for drone it is advisable to
%arﬂally discharge the batteries to around 50% of their capacity. It is best to
Q 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. @é

vi. Protective Case or Bag: Invest in a suitable storage case or bag f @e. A
case that incorporates custom foam inserts offers an added layeréotection
and organization for drone, accessories, and spare componerQ\)

vii. Camera and Gimbal: When a drone has a camera and i@)al, protect these
components using lens caps, stabilizers, or other protec measures.

O

viii.  Firmware Updates: Before resuming drone usa ter an extended period of
storage, verify if there are any firmware up available and ensure that
drone's software is current. @

ix. Regular Inspections: Periodically exax(gte stored drone for any indications of
damage, corrosion, or wear and tear@‘any issues be observed, it is important
to address them without delay. X%

X. Anti-static Measures: Fo&nsiﬁve electronic components like remote
controllers and spare pa ull over storing them in anti-static bags to shield
against electrostatic diS¢Harge.

xi. Insect and ro t Control: Guarantee that the storage area remains free from
pests that potentially harm your drone. Implement appropriate
measure@‘deter insects or rodents.

xii. Man %’and Documentation: Keep the drone's manuals, documentation,
a}Q portant information in a secure and easily accessible location for future
E rence.

Qazlhering to these storage recommendations, drone's condition and readiness for
bsequent 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 calibratipn
procedures. @18

ii.  Gimbal Calibration: Drones with gimbals and cameras may require e gtion
to ensure the camera's horizon remains level, ensuring smooth vi d photo

capture. Q\)

Component Replacement ‘QQ

i. Motor Replacement: Over time, drone motors o@wear out or become

damaged. Replacing motors involves disassembli e drone, de-soldering the
old motor, and soldering a new one in place. ask may demand advanced
soldering skills. @

ii. Propeller Replacement: Although utine, propeller replacement is
considered advanced maintenanceé\l to the need for meticulous balancing
to ensure optimal performance. 0’\,

iii. =~ ESC Replacement: ESCs caw fail or get damaged. Replacing ESCs involves
soldering and programm¥Jg) making it an advanced task.

iv.  Flight Controlle Xlacement: When faced with flight controller failure or
an upgrade, reg&gmg it may require advanced soldering and reconfiguring the
drone.

v. Camera Q\Gimbal Maintenance: Maintaining cameras and gimbals can
entail adv¥nced tasks such as lens replacement or sensor cleaning. Care

sh& taken when dismantling these components to prevent damage.

Vi. Q\’n\'nware and Software Updates: To ensure that the drone functions with the

%ov?atest features, enhancements, and security updates, it is important to update

Q 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. é

x. Component Repairs: Advanced maintenance may involve mﬁg‘jg
components like soldering wires or connectors. Understanding QL@ rone
model, using proper tools, and following safety guidelines is tal. Seek
expert help if unsure about any task. \)

L

Activity 1: Multirotor drone maintenance and safet@edures

Materials Required: \@
e Multirotor drone K\Q'

e Propeller replacement tools

e Cleaning tools (e.g., microfibe Q@h compressed air can)

e Battery charger and chargind\§tation
e Calibration equipment ( calibration stand or flat surface)
e Firmware update tool , laptop, USB cables)

e Inspection tools (e%’%crewdrlver visual inspection tools)
o Safety gear (e. g es, goggles)

Procedure: 0

1. Int@mn to Drone Maintenance:
he instructor begins by explaining the importance of regular drone

C} maintenance for preventing major issues, ensuring longevity, and

6% enhancing flight safety.
Q o Participants are informed about the role of proper maintenance in
optimizing performance.

2. Pre-flight Inspection:
e Demonstrate how to visually inspect the drone for any visible damage
(e.g., cracks, wear).
e Guide participants in checking the propellers for cracks, chips, or
signs of wear, and how to replace damaged propellers safely.
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e Inspect structural components (e.g., arms, landing gear) for any
deformities or stress points.

3. Cleaning and Dust Removal:
e Show how to properly clean the drone’s exterior using microfiber cloths
and compressed air.
o Emphasize the importance of cleaning the propellers, air vents, and
sensors to avoid overheating and maintain aerodynamic efficiency.

L

4. Battery Maintenance:
e Demonstrate how to inspect the drone's battery for visible d{&&
such as swelling or leaks.
o Discuss proper charging procedures, ensuring batterie harged
safely and correctly.
e Review proper storage practices, including storin @eries at the
correct charge levels and avoiding over-dischargin

X
S. Propeller Replacement and Balancing: L
e Show the proper technique for replacin&pellers using the
appropriate tools.
e Ensure that the new propellers aﬁ@peﬂy balanced to prevent
imbalan flight an nti r strain.
balanced flight and pote ta{@o stra

6. Firmware Updates and Calibraﬁgg’

e Explain the signiﬁcang irmware updates in maintaining software
compatibility and en, ing drone functionality.

o Demonstrate the gali§ration procedure for the drone’s sensors (e.g.,
compass, accel eter) to ensure accurate readings and smooth flight
performanc@

7. Troubleshoo \;nd Repairs:
e Di common issues that may arise with multirotor drones (e.g.,

otof malfunction, GPS issues, sensor calibration problems).
. @{er troubleshooting tips for basic repairs and when to seek
\ professional assistance for complex issues, such as motor or flight
O 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
2

3. What is the primary purpose of conducting a sensor calibration on a K@t}rotor
drone? \)

a) To ensure that the drone's firmware is up-to-date Q

b) To calibrate the drone's GPS and compass for accurate ﬂigh‘%@htation

c) To optimize battery life

d) To clean the drone's motors \O

4. Which of the following is NOT recommended when stq your drone in a cool
and dry environment? é

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—staé\bags

S. When replacing a drone's propellegx@hich of the following is a critical step to
ensure safe and optimal performakce?

a) Ensuring the propellers are é&ced in any order

b) Checking for correct rot 1@ irections and balancing

c) Lubricating the propel reduce friction
d) Removing the prop%l;s after every flight

6. In the event o@ione's motor malfunction, what maintenance task might be
required?

a) Replacing\tN propellers

b) Repl Xg he ESC (Electronic Speed Controller)

c) Re Qg the camera lens

d) ming a sensor calibration

gWhich 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 . éo
c) Checking the motor connections ‘O\

d) Replacing the drone’s battery \)

10.Which of the following would be considered an advanced main@lance task for a
multirotor drone?

a) Cleaning the drone’s exterior \O
b) Replacing the motor or flight controller X

c) Performing a pre-flight check éo

d) Updating the drone’s firmware @
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Module 5 Flying Multirotor Drone on Simulator

Module Overview

This module, provides a comprehensive understanding of drone flight fun a&ntals
including the essential principles of lift, thrust, drag, and weight ygh drone
simulator. Flying multirotor drone on simulator provides safe, ~on practice
and training.

Session 1, focuses on understanding how to securely mo various payloads on
drones. It covers the types of payloads, mounting techmq@and the impact on flight

stability and performance. 5 O

Session 2, explores methods for processing analysing images and videos
captured by drones. It includes techniques fdi\ ata extraction, anomaly detection,
and interpreting visual information for diffe} applications.

Learning Outcomes

After completing this modylg,you will be able to:

e Demonstrate
e Identify flig
e Explain

using@

t principles to optimize drone performance.

des for various conditions.

t vectoring, conduct maintenance, and manage emergencies
ation 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 ‘QQ
Drone flight simulator training is a valuable method for individuals looki\'&% gain
practical experience and enhance their skills in a controlled and risk§ setting.
This training approach presents several notable advantages: Q

i.  Virtual Training Environment: Drone flight simulaﬁ@ create a virtual
environment that closely replicates the real experie%?af operating a drone.
Students are engaged in a simulated setting th&t' imics the visual and
auditory suggestions of actual drone flight. éo

ii. Realistic Flight Dynamics and Contro@These simulators are equipped
with lifelike flight dynamics and cont@ including a comprehensive set of
instruments and switches. Studer{\ an interact with these controls to
operate the drone, much like thg@ould in a real flight.

iii.  Skill Development and %ng: Drone simulator training is invaluable
for honing and advan |q§ ight skills, catering to both beginners and
experienced pilots see & o elevate their abilities. It provides opportunities
for repeated prac'% various flight manoeuvres and procedures.

iv. Scenario-Baﬁ” Training: Simulators offer scenario-based training,
allowing tQ nts to practice a wide range of flight scenarios, from
funda 1 take-offs and landings to intricate emergency procedures,
in%int—based approaches, and adverse weather conditions.

V. -Risk Learning: One of the most significant benefits of drone flight
imulators is the low-risk nature of the training. Students can make errors,
handle emergencies, and navigate challenging situations without the real-

Q 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 divegé

weather conditions and times of the day, providing a versatile traini
environment for pilots to gain experience in various scenarios.

xX. Certification Preparation: Drone flight simulator training é? a
significant role in preparing pilots for various certifications a: ‘\%tings,
such as commercial drone operator licenses and spegi@liy¢d drone

endorsements.
Emergency Procedure Mastery OQ
Simulators are an excellent platform for masteri mergency procedures,
including equipment failures, adverse conditions, mergency landings. This

ensures that drone pilots are well-equipped to@n le challenging situations. It
provides a controlled and in depth learning.eXpérience, allowing individuals to
build and refine their abilities while emphas\' g safety and cost-effectiveness.

i. Drone flight simulator \Q
Drone flight simulators come Qirious types, each offering unique features
and advantages. These simu¥lor types cater to different training needs and
preferences for drone pi g

ii.  Software-Based @nulators: Software-based drone simulators are
applications t can be installed on a computer or mobile device. These
simulators our computer's input devices, such as a keyboard, mouse,
or dedié flight controller, to control the drone within a virtual

t

envir@

iii. are-Integrated Simulators: Hardware-integrated drone simulators
ically combine dedicated hardware components with software to create a
%@nore immersive training experience. They often include a dedicated flight
Q 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
virtual cockpit and have a real-time view of their surroundings, enablin a
high degree of realism and immersion. VRS is particularly beneﬁc%@r
honing drone piloting skills and experiencing complex flight scen r{@ na
visually immersive manner. \SO

vi. Augmented Reality Simulators (ARS): Augmented Rea (AR) drone
simulators overlay computer-generated images onto th @lot's real-world
environment using AR glasses or smartphone screens©™WTlhese simulators
blend virtual elements with the pilot's actual sudd ndings, providing a
unique training experience. ARS can be used rone piloting practice,
offering an interactive and augmented view e flight while retaining a
connection to the real world. ARS and V emerging technologies that
offer innovative and interactive trainin miences, further expanding the

ions availabl rone pilots. .
options available to drone pilots @&\0
X
o

Emergency scenarios: @

Drones serve as valuable ass in a wide range of emergency situations, offering
support and assistance in ¢fW¥c¢al contexts. These emergency scenarios involve the
utilization of drones in lowing way:

i. Handling E@é@ncy Procedures: Drone pilots must be prepared to handle

emerge ectively. Common procedures include initiating a controlled

1-Qcase of system failure, activating return-to-home functions, and

obstacles. Pilots should follow established safety protocols, remain

and prioritize securing the drone and minimizing potential risks.

oular training on emergency procedures ensures quick and precise
%%responses, enhancing operational safety.

Qii. 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 adva @
avionics systems can simulate failures or malfunctions in aircraft S.
This enables emergency response teams and pilots to practice res ng to
in-flight emergencies within a controlled and safe environment.\go
vi. Practicing Crosswind Landings: Drone pilots can engage ir@mulations and
training sessions to improve their crosswind landing skill @ﬁs is particularly
valuable in emergency situations where challenging™wveather conditions
necessitate precise landing techniques. \\O
vii. Conducting Flight Scenario Simulations: @s are employed to simulate
a variety of flight scenarios that may ass® during emergency response

operations. This includes assessing the\ ct of specific actions or strategies

in a controlled setting. .
Q&
Drones, equipped with advanced ors, cameras, and remote operation
capabilities, play an indispensable in emergency contexts. Drone simulators

emergencies across various fieps3:

provide a flexible and econom;’c approach to address, handle, and alleviate

Activity I:Q@rgency scenario training with drone simulators
Mater@!equired:
Drone simulator software
Q e Flight controllers or transmitters
e Computers or simulation hardware

Procedure:

e Introduce common emergency situations and review safety protocols.
e Set up and familiarize students with the simulator software and equipment.
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e Practice emergency procedures in small groups, navigate scenarios, and
troubleshoot collaboratively.

e Progress to complex scenarios for decision-making practice.

e Conclude with performance evaluations and feedback to identify strengths
and areas for improvement.

Check Your Progress

A.Multiple Choice Question 0
1. What is the primary advantage of drone flight simulators? Q

a) They offer hands-on physical training @

b) They allow for low-risk learning and skill development 0

c) They provide unlimited battery power for training L\

d) They eliminate the need for actual drone equipment O\.

2. Which type of drone simulator combines sofm@%h dedicated hardware for a
more immersive experience?

a) Software-based simulator . 0,\

b) Hardware-integrated simulator K\

c) Full-scale simulator \Q

d) Virtual Reality simulator &0

3. How do Virtual Reality Sim@ s (VRS) enhance drone training?
a) They provide a two-dim al flight environment

b) They offer an immersi% ree-dimensional experience using VR goggles
c) They simulate real-¢Qrld weather conditions

d) They are only usey or basic drone manoeuvres

4. What role e;a drone play in emergency situations?
a) Conducti egular deliveries
b) Assié}g n search and rescue operations

c) M ing battery life
d)@%rming regular maintenance checks

. 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
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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

O

b) It allows for practicing specific flight manoeuvres and emergencies ‘QQ
c) It limits the types of scenarios that can be simulated . %
d) It focuses only on drone hardware maintenance so\

8. How do Augmented Reality Simulators (ARS) differ from Virtual ity
Simulators (VRS)? @
a) ARS uses physical controllers while VRS uses a keyboard C
b) ARS overlays virtual images onto the real world, while VKQarovides an
immersive virtual environment X
c) ARS does not use any visual elements éo

©

d) ARS is used only for basic drone operation

AY

9. Which of the following is NOT an advaxg?e of using drone simulators for
training? XS

a) They reduce the risk of accidentgg@ng training

b) They allow for practice in vario eather conditions

c) They are more expensive th “gal flight training

d) They provide performang\' uation and feedback

10.  Whatisoneb i%f using drone simulators for emergency procedure
training?

a) They allow fo@gt—effective, low-risk practice in handling emergencies

b) They provide r#al-time communication with emergency responders

c) They siﬁ e actual images

d) The;@u re no instructor involvement

6@

\
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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 studen{s
understand basic flight mechanics, test different flight modes, and handle varj
scenarios without real-world risks. Simulators offer a hands-on appr
mastering drone control, enhancing confidence and readiness for acf\

operations.
i

Flight simulator Q

A flight simulator replicates real-flight conditions for trainin Q practice. Utilizing
a drone flight simulator involves a sequence of essential aé@)s, which encompass:

i. Launching the Simulator: Begin by initial%g the drone flight simulator
software on your computer or device, e@lrmg it is properly set up and

calibrated. \
0

ii. Selecting Drone Model and Envigghment: Choose the specific drone model
to simulate and the env1ronm7$&m which training will be conducted. This
step customizes the experi 0 align with training objectives.

iii.  Preparing for Take-o ﬁor to taking off, ensure that virtual drone is ready
for flight. This inc checking battery levels, calibrating sensors, and
configuring your @trols.

iv. Performmiﬁe Flight Checks: Engage in a thorough pre-flight checklist
within t imulator, mirroring the real-world process of assessing the
dron@omponents, connections, and safety features.

@nng Off: Initiate the take-off sequence within the simulator, using the
signated controls. This replicates the actual process of lifting the drone off

Q6 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. Eval
manoeuvres, adherence to safety protocols, and areas re g

improvement. .\\@

Drone flight simulators are indispensable tools for pilot training, e Qﬁg users to
refine their skills, rehearse safe flight procedures, and gain familigy with diverse
drone models and environments. The structured process outli @above facilitates
an organized and effective training experience within the siné}éor.

X

Reasons to use a drone flight simulator O\.

There are several compelling justifications for e@liing a drone flight simulator,
which encompass: \

e Skill Enhancement: Drone flig ﬁ}nulators provide an ideal setting for

honing and advancing piloting s . Both newcomers and experienced drone
operators can refine their a@ in a controlled environment.

e Risk-Free Training: § aps the most prominent advantage of drone
simulators is the @ ce of real-world risk during training. Pilots can
experiment with jOUs scenarios and manoeuvres without the potential for
actual accider%gr equipment damage.

° Cost-Ef@]cy: Training with a drone simulator is generally more cost-
effect an traditional drone flight training. It minimizes expenses
as%?@d with fuel, maintenance, and equipment wear and tear, rendering
6\ dget-friendly choice.

Q%Scenario-Driven Training: Drone simulators facilitate scenario-based
Q 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.

e 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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e 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, aRd
preparing for a wide range of operational scenarios. These simulators not @
contribute to skill improvement but also deliver substantial financial savi d
risk mitigation. .

N

Activity 1: Emergency Procedure Simulation with Dro light Simulator
Materials Required: @ s

e Drone flight simulator software . 0,\
o Computers or simulation hardwarb\
e Flight controllers or transmitterfi\,

Procedure: A@

e Introduce common egReEygency scenarios (e.g., system failures, weather issues)
and emphasize th€myportance of effective response training.

e Customize an:k%ﬁect realistic emergency scenarios within the simulator (e.g.,
motor failur @ S loss) for practice.

e Practice @ gency procedures, foster problem-solving, and critical thinking
skills #hil€ working in small groups on different scenarios.

o Coné e with a debriefing to review experiences, analyse procedure

tiveness, and identify improvement areas.

ect on the simulation and discuss strategies for applying lessons to real-
6 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
¢) 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 ‘QQ

3. What is the primary advantage of using a drone flight simulator @Qisk—free
training? \)

a) Real-world accidents for better learning Q

b) Cost savings in case of equipment damage @

c) Absence of real-world risk during training C

d) Limited scenario options for pilots

traditional flight training?
a) Simulators use advanced and expensive te¢h
b) Simulators involve additional maintenan \sts
c) It minimizes expenses related to fuel E;‘&\quipment wear and tear

4. Why is training with a drone simulator cons@ more cost-effective than
08y

d) Drone simulators lack scenario-ba aining options

a) Limited exposure to divers t situations

b) Inability to rehearse en@ responses

c¢) Enhanced preparatio real-world challenges

d) Only focusing on lg&c manoeuvres

6. How do drorﬁ\ﬁlators contribute to equipment familiarity?

a) By avoidipg siYhulation of specific drone models

b) By minifgM&#hg exposure to different controls and sensors

c) By &y ing functionalities from simulation

d) % wing operators to understand controls, sensors, and functionalities

5. What is the benefit of scenarig$en training in a drone flight simulator?
cy

Q hat 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

MODULE 1: INTRODUCTION TO DRONES . éo
Session 1: Introduction to Drones ‘O\\
A. Multiple Choice Questions O

\
&°
>

Session 2: Basic Components of a\Drone
A.Multiple Choice Questions é
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Session 3: Drone Rules 2021
A: Multiple Choice Questions
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PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL




Drone Operator- Multirotor - Grade XI

N O
oo oo

MODULE 2: MULTIROTOR DRONE - COMPONENTS AND APPLICATIONS

Session 1: Components of Multirotor Drone
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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
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MODULE 5: FLYING MULTIROTOR DRONE ON SIMULATOR
Session 1: Introduction to Flight Simulator Training

A. Multiple Choice Questions
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Accelero rs: It measure changes in velocity and orientation in devices and
Vehicle()

Q@ photography: It involves capturing images from an elevated perspective,
ually 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. é

Automated pesticide delivery systems: It uses technology like drones or rohgt¥€ to
precisely apply pesticides to crops, minimizing waste, reducing environmert\§ pact,
and improving efficiency for safer, more sustainable agricultural practice@

Autonomous Unmanned Aircraft System (Autonomous UAS): AN{JAS capable of
operating independently, making decisions and navigating witklé@constant human

control.
xO

Barometers: These are instruments that measure at pheric pressure, helping

forecast weather, determine altitude, and monitor e mental conditions.
Basic Flight Manoeuvres: Fundamental movemems and manoeuvres performed by
a drone pilot during flight training. \

Bernoulli's Principle: The principle expla@& how the shape of an air foil generates

lift. 0’\,

Brushless Direct Current (BLDC): AType of electric motor commonly used in drones
for propulsion. é

Camera: A device used f@pturing still images or video footage.

S

Control Surfaces: S ces on a drone, such as ailerons, elevators, and rudders, used
to control its m nt.

Convoluti%gﬁeural Networks (CNNs): It is a deep learning algorithms designed to
process \ analyse visual data, especially for image classification and object
detec§

? iSion 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 direcé@

of electric motors in drones. ‘0
Elevator: A control surface on a drone's tail that controls pitch. ‘O\

Event photography: It is the art of capturing memorable momens from various
occasions, such as weddings, parties, corporate events, conciﬁ and festivals. It
involves documenting the atmosphere, key activities, and emoths of the event in a
way that tells a story. \9

Genetically Modified Organisms (GMOs): Organi cthose genetic material has
been altered in a way that does not occur na@a through mating or natural
recombination. \

Geographic Information System (GIS): @Qstem for capturing, storing, analysing,
and displaying geographic or spatial da

Global Positioning System (GPS :&atellite—based navigation system that provides
precise location and time infor n to GPS receivers anywhere on Earth.

Gyroscopes: These are @xt'es that measure or maintain orientation and angular
velocity, using Earth' tation or spinning wheels for stability.

Hovering: The @y of a drone to maintain a stable position in the air without

moving. @
Hypersgzgl Camera: A camera that captures a wide range of wavelengths,

provi etailed information about the composition of objects.

%net of Things (IoT): A network of interconnected physical devices and objects
tiat 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, typ@
recreational, remotely piloted aircraft system. ‘0

*

Model Remotely Piloted Aircraft System: A small-scale, typically @ational,
remotely piloted aircraft system. Q\)

Multispectral Camera: A specialized camera that captures '@1ges in multiple
wavelengths of light to gather information about vegetation heO;lQ and other factors.

Payload Capacity: The maximum weight a drone can ry in addition to its own

weight. é

Pitch: The rotation of a drone around its later&@, tilting forward and backward.

Precision Farming: A farming approach t\uses technology to optimize the use of
resources such as water, fertilizer, and icides to improve crop yields and reduce

waste. @

Propeller: A rotating device tha&nerates thrust to propel drones.

O

Propulsion systems: T ’\Are mechanisms designed to generate thrust, allowing
vehicles such as aircrad¥ ships, and rockets to move. They convert energy into motion,
using engines or mo powered by fuel, electricity, or other sources.

Pulse Width Qation (PWM) Controller: A control system that adjusts the signal
sent to ele% ¢ components in drones, such as motors and servos.
r.

Quadcopters: Quadcopters are unmanned aerial vehicles with four rotors, providing
st ight and manoeuvrability for various applications like photography.

gndom 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.

e

Standard RGB cameras: [t capture images using three primary colours: red,‘grveén,
and blue (RGB). These cameras use sensors that filter light into these three colours,
which are then combined to create a full-colour image. so\\

Rudder: A control surface on a drone that helps control yaw.

Support Vector Machines (SVM): It is used for classification tasQ by finding an
optimal hyperplane to separate data into categories. ‘QQ

Thermal Camera: A camera that detects heat signatures,’@en used for tasks like
search and rescue. O\.

Throttle: The control for adjusting the power out, § a drone's propulsion system.

Thrust: The forward force produced by a.c@e's propulsion system to propel it
through the air. \)
x<

Unique Identification Number: &inct identifier assigned to each drone to
facilitate tracking and compliance

Unmanned Aerial Vehic \)QAV): A pilotless aircraft operated remotely or
autonomously for variou@l oses.

Unmanned Aircraft tem Traffic Management (UTM): A system for managing the
safe and efﬁcien@&ration of drones in shared airspace.

Unmanne&raft Systems (UAS): A comprehensive term that encompasses not
only t \Q manned aircraft (UAV) but also the ground control station and

com% idation links.

2 table 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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