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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 s@y

material should not impede the educational progress of our students. In res to
this necessity, we present the draft study material, a provisional yet comny ensive
guide, designed to bridge the gap between teaching and learning, u '\&e official

version of the study material is made available by the NCERT. The dr; dy material
provides a structured and accessible set of materials for teachers andéudents to utilize
in the interim period. The content is aligned with the prescribed ¢c@riculum to ensure
that students remain on track with their learning objectives. ~6

The contents of the modules are curated to provide continuly in education and maintain
the momentum of teaching-learning in vocational edxﬁ n. It encompasses essential
concepts and skills aligned with the curriculum ar@ﬁ cational standards. We extend
our gratitude to the academicians, vocation cators, subject matter experts,
industry experts, academic consultants, and other people who contributed their
expertise and insights to the creation of the d;}ft study material.

x<
Teachers are encouraged to use the %@modules of the study material as a guide and
supplement their teaching with addt?
students' unique learning styl nd needs. Collaboration and feedback are vital;
therefore, we welcome sugg ns for improvement, especially by the teachers, in
improving upon the conte the study material.

nal resources and activities that cater to their

This material is copy&n)s’fed and should not be printed without the permission of the
NCERT-PSSCIVEQ'Q

R\
Qx Deepak Paliwal
@@ (Joint Director)

PSSCIVE, Bhopal
Date: 20 June 2024
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Module 1 Introduction to Agriculture

Practices

Module Overview

farm, an approach known for optimising resources and fostering sustai i ty.
Crop cultivation in harmony with livestock farming and aquaculture caé
new dimension to the agricultural symphony.

A
Integrated farming involves combining different agricultural activities on a sis\@\’

Agricultural practices encompass a wide range of activities and t I')ﬁﬁques involved
in the cultivation of crops and the management of livestoc\kgg the purpose of
producing food, fibre, and other agricultural products. These practices can vary
depending upon factors, such as types of crops, chmate soil types, agricultural
inputs and cultural preferences. \,

Modern technologies in agriculture have the '%ntial to significantly enhance
productivity, efficiency, and sustainability. Foyﬁmple, Global Positioning System
(GPS) technology enables precise mappin% ields, allowing farmers to optimize
planting patterns, monitor crop health,4and apply inputs, such as fertilisers and
pesticides more efficiently. Sensor- )gd irrigation systems can be used to
determine optimal irrigation sch s, based on weather data, reducing water
wastage and improving crop yi . Similarly, drones equipped with cameras and
satellite imagery help farme§¥monitor crop conditions, identify issues, like pest
infestations or nutrient defify¢ncies, and make data-driven decisions. Farmers are
to be trained on anal large datasets which will help them to make informed
decisions regardin selection, resource optimization, and risk management
and adopt agrlcu% 1 practices which are useful in increasing productivity and
quality of cro uction.

This mo %ms to provide students with an understanding of the key agricultural
practiceg to set the foundation for the need to integrate science and technology,
such as use of drone technology, in various agricultural practices.
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Learning Outcomes

After completing this module, you will be able to:

e Describe the fundamental principles of contemporary agriculture,
encompassing crop cultivation, sustainability, and the integration of
technology;

e Explain the basic agricultural practices and their importance in gro\vg{@e
crops; .
Y

e Describe the concept of precision agriculture and its use of tec%\@)gy and
data-driven methods to enhance farming practices; and Q

e Relate the technologies employed in precision agricultuI%anluding remote
sensing, internet of things, drones, and artificial i @gence for real-time
monitoring and resource management to agric&l}ural productivity and

efficiency. s O

Module Struct@

o O\
Session 1: Agricultural Practices ,g‘\,u
fod

Session 2: Precision Agriculture- Conce nd Application

&«
Session 3: Components of Precisiox@riculture

Session 1: Agriculture Practices

X
Agricultural practices refer to the various activities and methods involved in the

cultivation of cgon'and the rearing of livestock for food, fibre, medicinal plants,
and other products to sustain and enhance human life. In order to obtain high
quality and quantity of produce out of farming, one must adopt best agricultural
practices. These practices, however, vary according to the soil, climatic conditions,
and the‘grops being grown.

~
,Crop cultivation practices

Now, let us understand the meaning and purpose of the various crop cultivation
practices:

Land preparation: The first step in agricultural practice is to prepare the soil
depending on the type of crop that needs to be raised. The preparation of land
involves a series of important steps to make the soil suitable for planting crops.
This includes activities, like ploughing or tilling using various equipment and

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL



Kisan Drone Operator - Grade XI

machinery, such as mould-board ploughs, disc ploughs, sub-soil ploughs, chisel
ploughs, harrows, cultivators, etc. Preparing the soil means ploughing, manuring,
and levelling the soil. Ploughing loosens up the soil and helps to penetrate air into
it. The soil is loosened to enhance aeration, water penetration, and root
development. Additional tasks, such as levelling and ridging is done using
equipment, such as scraper, and laser land leveller to create an even and well-
drained surface for planting.

Sowing and planting: Sowing is an act of placing seeds into the soil in a way that
allows them to germinate and grow into mature plants. Planting refers to placing
each seed at consistent depth and distance from the neighbouring seeds. The
method of sowing varies depending on the crop and can involve broadcasting,
drilling, planting, or transplanting seedlings. Q 0' f

Irrigation: Irrigation involves water application to the root zone of crops as a
supplement to natural rainfall. It is essential to do timely and adequate irrigation
ensuring uniform plant growth and preventing plants from drying.
x

Manure and fertiliser application: It is the application of nutrients (organic and
inorganic fertilisers) to the soil or crops throughout their growth cycle. Organic
fertilisers are derived from natural sources and include compost, manure, bone
meal, farmyard manure, and green manure. They enrich the soil with essential
nutrients and enhance microbial activity. Manuring involves the application of
organic matter to the soil to improve its fertility. Chemical fertilisers are synthetic
and provide specific nutrients, like nitrogen (N), phosphorus (P), and potassium (K).
The proper balance of nutrients is crucial for optimal growth and yield during the
different stages of plant development.

DID YOU KNOW?

One of the earhest cityilyzations in the world, the Indus Valley Civilization (c. 3300-
1300 BCE), ell -planned cities, such as Mohenjo-Daro and Harappa.
Archaeologic ence suggests that agriculture was a key economic activity, with
the cultiva Qﬁf crops, like wheat, barley, and various pulses. Advanced irrigation
system h as the use of canals, were also in place. The Vedic Period (c. 1500-
600 é) texts, including the Rigveda, provide insights into agricultural practices
dv.%ag)this period. Agriculture and animal husbandry were central to the Vedic

@o omy.

Plant protection: It is also known as crop protection, which involves methods and
practices used to prevent, manage, and control pests, weeds, and diseases that
negatively affect crop health and yield. It involves the use of a combination of
cultural, chemical, biological, and physical practices and techniques for controlling
pests and diseases. The various crop cultivation practices are shown in Figure 1.1.
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Land proparation

Irrigation

Sowing and )Q:
Fartilizer applic .lhuue

Harvesting

Plant protection \'
O

Throshing

Storage

Y
Figure 1.1: Crop Cultlvatlon Practices
)
Harvesting: It is the process of collecting mature crops or agricultural produce
from the field. Harvesting techniques vary widely depending on the type of crop,
the scale of farming, and the available technology.
O
Threshing: It involves separating grains or seeds from the harvested plants. The
traditional methods include beating, and threshing the crop while mechanical
methods utilize power- operated threshers.
_X
Storage: After harvesting, crops require appropriate storage to protect them from
pests, mould, and moisture. Grain bins, silos, and well-ventilated warehouses are
common}{gsed for safe and long-term storage of agricultural produce.
Knowle(;g:e of agricultural practices drives research and innovation, leading to new
technologles and methods that enhance productivity and sustainability.
Sustamable agricultural practices help maintain biodiversity by preserving
different plant and animal species and their habitats. Adopting best practices in
crop management, fertilisation, and pest control leads to higher yields and better-
quality produce, enhancing profitability. Efficient use of resources, such as water,
fertilizers, and pesticides reduce costs and increases farm profitability.
Understanding modern agricultural practices enables the adoption of precision
farming techniques, which use data and technology to optimize crop management.
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DID YOU KNOW?

After gaining independence in 1947, India focused on agrarian reforms to address
issues like land distribution and productivity. The Green Revolution in the 1960s
and 1970s saw the adoption of high-yielding crop varieties, improved irrigation,
and the use of fertilisers and pesticides. While it increased productivity, it also
brought challenges related to environmental sustainability and inequality. e

\QO

Modern agriculture \§

Modern agriculture, which refers to contemporary farming practlces that
incorporate advanced technology, scientific knowledge, and innovations to enhance
efficiency, productivity, and sustainability, is being widely practiced in the world.
Modern agriculture often involves the use of high-yielding crop varieties developed
through selective breeding or genetic modification. These varieties are designed to
produce larger quantities of crops per unit of land. Modern farms often rely on a
range of machinery, including ploughs, tractors, and harvesters to perform tasks
that were traditionally done manually. This mechanisation increases efficiency and
reduces the labour required for many agricultural activities. The use of synthetic
fertilisers, pesticides, and herbicides is common in modern agriculture to enhance
soil fertility, control pests, and manage weeds. However, there is increasing
awareness of the need for sustainable and environmentally friendly alternatives.

§ ‘o
Precision agriculture %

Precision agriculture, also known as precision farming or site-specific crop
management (SSCM), is an advanced farming practice that uses technology and
data to optimize field- level management regarding crop farming. It utilises
technologies, such as Global Positioning System (GPS), sensors, and automated
machinery to optqmze various aspects of farming, including planting, irrigation,
fertilization, and pest control. This helps farmers make data-driven decisions and
use resources more efficiently.

Activity 1: Visit agricultural farm to study agriculture practices, such as soil
testing, crop identification and cultivation, pest identification and control, weed
identification and control, harvesting of crops, etc. Let us take an example of pest
identification. Learn about common pests that could potentially attack crops. You
can take the help of a search engine or an App on your mobile phone to identify
the pests. Take note of your observations in the agriculture field and include them
in your diary or portfolio.
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Activity 2: Krishi Vigyan Kendras (KVKs) are agricultural extension centres that
play a crucial role in disseminating agricultural knowledge and technologies to
farmers. Let us imagine a scenario where a group of farmers or agricultural
enthusiasts decides to visit KVK for hands-on experience and to gather relevant
data on various aspects of agriculture. The purpose of the trip is to gain practical
insights into various aspects of agriculture and to gather valuable data that can
inform their understanding of crop cultivation. Write in five lines on the following

aspects that the farmers or agricultural enthusiasts should learn: e>,
<
(i) Soil health and fertility . éQ
(ii) Data collection and analysis \3«
(iii) Weather monitoring 0~'O
(iv) Integrated pest management Q

Check Your Progress

A. Multiple Choice Questions E @)
1. is the implement used for land @oaration.
(a) Weeder \
(b) Mould-board plough é‘\,(b'
(c) Thresher &QJ
(d) Sprayer Q-
2. What is the term used fo equipment designed to ensure uniform seed
placement at a consistent d d distance from neighbouring seeds?
(a) Seeder

(b) Seed drill %
(¢) Broadcaste X
(

d) Weeder

3. Storage i ;ubsequent operation to which of the following?
t protection

) hreshmg
Irrigation
Q6 (d) Land preparation

4. What is the primary purpose of land preparation in agriculture?
(a) To apply fertilizers
(b) To enhance aeration, water penetration, and root development
(c) To plant seeds at a consistent depth
(d) To store harvested crops
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5. Which of the following equipment is used for levelling and ridging the soil?
(a) Mould-board plough
(b) Harrow
(c) Scraper
(d) Thresher

6. What does sowing involve in the context of agricultural practices?
(a) Separating grains from harvested plants
(b) Placing seeds into the soil for germination e>,
(c) Storing harvested crops <
(d) Protecting crops from pests and diseases

7. Which irrigation practice is essential for ensuring uniform plant gro @?
(a) Broadcasting Q
(b) Levelling
(c) Timely and adequate water application ‘\Q
(d) Threshing

8. What is the role of fertilizers in agriculture? @)
(a) To separate grains from the harvested plan
b) To improve soil aeration

(
(c) To supply nutrients essential for pla %growth
( q@gs

d) To protect crops from pests and es

<

Session 2: Precision Agriculture - Concepts and Application

Farmers today are now innovative farming methods, such as growing crops
in greenhouses wher % oponic systems and vertical farming are also being
employed to maximi e)ﬁﬂace and resource efficiency.

Precision agricul u@ utilises technology and data-driven techniques to optimise
agricultural p ces and maximise productivity while minimising resource
utilisation. Kxig a farming management concept based on observing, measuring,
and res;@ing to inter and intra-field variability in crops. Precision agriculture
involvgs yse of Internet of Things, Drone, Sensor data, and Al (Artificial Intelligence)
to '@ease yields. It uses detailed and site-specific information to manage
@ction inputs like water, fertilisers, and pesticides. For instance, using
sénsors, we can collect data regarding moisture and humidity of the farming land
and based upon that data one can decide what amount of water needs to be given
precisely to which portion of the land, leading to higher production. Using drones
for precision farming has become an increasingly popular and effective method to
enhance agricultural productivity (Figure 2.1).
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Figure 2.1: Essential Components in Pr%ion Agriculture

©

2.1 Traditional vs. Precision Agriculture '.\,(0'

Traditional agriculture and precision iculture are two approaches of farming
that differ in their methods, te ogies and goals (Table 1.1). Traditional
agriculture is rooted in historicalpractices and is often more accessible to small-
scale farmers. Precision agri ﬁ.lre, on the other hand, leverages modern
technology to optimize farr@praotices, However, both traditional and precision
agriculture have their urfi advantages and challenges.

X

Table 2.1: Differe between Traditional and Precision Agriculture
<)
Traditiona}@gﬁ@ulture Precision Agriculture
It follows\ Pfimitive methods and | Precision agriculture makes use of
techn@ﬁgs for agriculture. advanced technologies in the field of
% agriculture to implement the principles
% of the 5 R’s — right input, right amount,
‘Q right place, right time and right
manner.

It uses age-old or primitive tools and | It uses modern or technology-driven
equipment for crop cultivation. tools and equipment.

It often relies on a large amount of | It aims to optimise the use of resources,
land, water and other resources to | such as water, fertilisers, and pesticides.

produce crops.
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Decision-making in traditional | Decision-making in precision

agriculture is mainly based on prior | agriculture is mainly based on data

knowledge and experience. collection and analysis.

Fields are treated uniformly with | Fields are divided into smaller

fertiliser, pesticides and irrigation. management zones, and treatments are
adjusted based on the specific needs of
each zone.

Yield and efficiency can vary due to Precision agriculture can lead to

the changes or differences that occur | increased yields and efficiency due to 2>>

ina speciﬁc_ area or location over optimized resource use, reduce <

space and time wastage, and better crop managem@

\

=
2.2 Applications of Precision Agriculture ,\Q@

The following are several applications of precision agricultdﬁghat are also shown
in Figure 2.2.

Crop Monitoring and
Management

\/

/ Applications of\\ -
Ccision Agriculture Yleld ':&';:;?:;9 and

\—/

Variable Rate Technology
(VRT)

Livestock Management

(Farm Machinery and Equipment . Predictive Analytics and Decislon
Optimization Support Systems

Figure 2.2: Applications of Precision Agriculture

1. Crop Monitoring and Management: Traditional farming needs a lot of people,
time, and resources to watch over and take care of crops. On the other hand,
precision farming uses modern tools like drones, satellite images, and
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technology to keep a close eye on crops. These tools give farmers instant
information about the health of plants, how they are growing, if they lack
nutrients, or if there are pests. This helps farmers take quick action and apply
specific treatments to improve the crops. By using these technologies regularly,
farmers can keep a close watch on their crops and take better care of them.

2. Variable Rate Technology (VRT): Variable Rate Technology (VRT) is a phrase
used in smart farming. Unlike the old-fashioned way of manually putting stuff
on crops, VRT uses technology and data to do it more efficiently. It can adjus
the amount of fertiliser, pest control, seeds, and water in different parts of @
field. With tools like soil sensors, yield monitors, and GPS-guided map@&,
precision farming helps farmers use resources wisely, avoid waste, aﬁ@nake
sure crops get just the right amount of what they need. This leads t(@@er crop
growth and lesser wastage of resources. Q

3. Automated Irrigation Systems: Precision agriculture us%@smart irrigation
systems with sensors to keep track of the weather and t%ﬁ@ater needs of crops.
By constantly checking the moisture levels in the spil at various depths, it
ensures accurate and automated watering. This helgd farmers avoid giving too
much or too little water, saving water, preventing\nutrient loss, and ensuring
better crop growth. \'

4. Yield Monitoring and Mapping: Mode&ming focuses on using advanced
technology, especially precision agriq{'@ e. This involves using tools like yield-
monitoring technologies to accur elb.measure and record crop yields at harvest
time. The data collected helps rs analyse and understand the differences
in productivity across thei ‘tﬁlds. With this information, farmers can make
better decisions about ho é’ anage their fields, adjust the amount of inputs
they use, and ultimat%@éf)rove the overall yield of their crops.

S. Predictive Analy and Decision Support Systems: Precision agriculture
involves using #&‘dsticated technology and smart tools to analyse data, such
as past an ent information about weather, soil quality, crop growth, and

market ds. These systems offer advice on things like when to plant crops,
how toplai the planting, preventing diseases, and making marketing strategies.
Th Ip farmers make smart choices to increase their profits.

to livestock agriculture. For example, sensors and monitoring devices can be
used to track animal health, behaviour and productivity. Real-time monitoring
allows early detection of health issues, enabling timely interventions and
improving overall herd (group of animals) management. Automated feeding
systems can distribute precise amounts of feed, optimising nutrition while
minimising waste.

Q@vestock Management: Precision agriculture techniques are also applicable
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7. Farm Machinery and Equipment Optimisation: The modern approach of
agriculture utilises global positioning system (GPS) and telematics technology
to optimise farm machinery and equipment operations. GPS-guided systems
enable precise and efficient field operations such as sowing, spraying and
harvesting, reducing overlaps and optimising route planning. Telematics
systems provide real-time monitoring of machinery performance enables
predictive maintenance and reduces machine downtime.

O

<
DID YOU KNOW? .\%Q

S,

e Leading agricultural machinery manufacturers, such as Jog\aéere were
instrumental in bringing precision agriculture technologieg to”the market.
These manufactures developed and integrated advan z’ools like GPS-
guided equipment, yield monitors, and variable rate @hnology (VRT) into
farming operations. X

e Farmers can now use mobile applications f r@)&cﬂ—time monitoring and
management of their farms.

Activity 1: Prepare a poster pplications of precision agriculture. You will
need drawing sheets, colpa\peéns, pencils, highlighter, and glue stick.

Start your poster wit a%ear and concise title that highlights the theme of the
poster. Provide a bréﬂtroduction that outlines the concept of crop monitoring
and manageme d its significance in modern agriculture. Include major
components lik&ote sensing, information technology, and satellite imagery for
monitorin nt health, growth patterns, nutrient deficiencies, and pest
infestati se relevant images or diagrams to illustrate these techniques.
Preser@ poster in front of the class.

Check Your Progress

A. Multiple Choice Questions

1. Which of the following technologies is commonly used in precision farming for
monitoring crop health and growth patterns?
(a) Remote Sensing
(b) Traditional Scouting
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(c) Manual Soil Sampling
(d) Conventional Irrigation Systems

2. Artificial Intelligence (AI) and Internet of Things (IoT) are used in:
(a) Traditional agriculture
(b) Precision agriculture
(c) Natural Farming
(d) Organic Farming

3. The full form of VRT is: <
(a) Variable Rate Time NQ
(b) Variable Rate Technology \3«
(c) Various Resource Technology 0
(d) Variable Range Technology Q

4. How does Variable Rate Technology (VRT) enhance re&@rce efficiency in
precision agriculture? @)
(a) By manually applying inputs uniformly acrgss the field
(b) By using data and automation to apply % gi)ts at varying rates based
on specific field conditions
(c) By irrigating crops uniformly regard‘ of soil moisture levels
(d) By harvesting crops using tradltl‘g}al methods

S. What is the primary benefit of %&ated irrigation systems in precision
agriculture?
(a) They increase the us anual labour for watering
(b) They apply a fixe aglount of water to all parts of the field
(c) They provide @ and automated water delivery based on soil
moisture le
(d) They e11m1n the need for any sensors in the field

6. How do pre @.'Ive analytics and decision support systems aid farmers in
precisio culture?
(a@r reducing the amount of data available for analysis
y providing real-time insights and recommendations for optimal
O farming practices
% (c) By ensuring uniform application of all agricultural inputs
Q% (d) By manually tracking weather conditions and crop growth

7. What advantage does GPS-guided machinery offer in precision agriculture?
(a) It allows for random field operations without planning
(b) It reduces overlaps and optimizes route planning for field operations
(c) It increases machine downtime and reduces efficiency
(d) It eliminates the need for monitoring machinery performance
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Session 3: Components of Precision Agriculture

Imagine smart machines as the superheroes of the farm! These special robots help
farmers with important tasks like planting seeds, watering crops, and harvesting,
all with super-precise control. Now, think of tiny sensors as little detectives spread
all around the farm. These sensors act like farm detectives, figuring out what the
plants need. All the information from the sensors and satellites is like a big treasurea>
of data. Farmers use this data to make smart decisions, like when to water tigg
crops or when to protect them from insect, pests.
\>

QO'

3.1: Components of Precision Agriculture

The following are the various components of precision agriculture

- v
Technology (VRT) Software
Precision Agrlculture

Sensors and Monitoring
Devices -
Communication and
Connectivity l
Data Analytics and Decision

Automated Equipment Support Systems
and Machinery

Education and Training

re 3.1: Components of precision agriculture

Global P, 1ng System (GPS): The term ‘GPS’ stands for Global Positioning
Systeng w, ch is a satellite-based navigation system that allows users to determine
the ecise location and track movement anywhere on Earth. The system consists
@etwork of satellites, ground control stations, and user devices. GPS technology

key component of precision agriculture. It provides accurate positioning
information that enable farmers to precisely locate equipment, and activities
happening on their fields. It is used for precise mapping, field scouting, and as a
guidance system:.

Geographic Information System (GIS): GIS is a digital mapping and spatial
analysis tool that integrates geographical data with other relevant information. In
the context of agriculture, it allows farmers to create detailed maps of their fields,
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manage spatial data, analyse patterns, and make informed decisions based on the
insights generated.

Remote Sensing: Remote sensing technology involves the collection of information
about an object or phenomenon without direct physical contact. This is typically
done from a distance, often using sensors on aircraft or satellites. Remote sensing
technologies, such as satellite imagery and aerial imaging, capture data about
crops and fields from a distance. These technologies provide valuable information
about crop health, growth patterns, nutrient deficiencies, pest infestations, etc.
Remote sensing help farmers to monitor and manage their fields more effectiv%@

Variable Rate Technology (VRT): VRT is a precision agriculture practiceﬁ@}olves
adjusting the rate of precise application of inputs, such as fertilisers, Qticides,
and water, at different rates based on specific field conditions. VR ises data
from soil sensors, yield monitors, and other sources to detern’@e the optimal
amount of input required in different areas of a field thereby rr?@mising resource
efficiency and crop productivity. \,,O

Sensors and Monitoring Devices: Sensors and Qnonitoring devices are
instruments designed to gather data and provideNinformation about specific
physical, chemical, or environmental condition recision agriculture involves
large range of sensors and monitoring devicgg\to collect data on soil moisture,
temperature, nutrient levels, weather condit s, and crop health. These sensors
provide real-time information, allowing f: rs to monitor and respond to changes
in field conditions promptly. @'

Automated Equipment and hinery: Automated equipment and machinery
refers to the system that is d ﬁd to perform tasks or operations with minimal
human intervention. Aut &n involves the use of technology, such as sensors,
actuators, and control sy@;s, to carry out specific functions or processes without
continuous manual i t. Precision agriculture utilise advanced machinery and
equipment like GP @iidance systems, yield monitors, automated control systems
etc. that enab@; ecise operations such as sowing, irrigation, spraying and
harvesting. @
Data An i€s and Decision Support Systems: Data analytics in simple terms
means ing at a bunch of information, cleaning it up, and using it to find
im t details for valuable insights, drawing conclusions, and supporting
ons. In precision farming, farmers gather data about their farms from various
rces like sensors, machines, and satellites. By analysing this data, they can
make informed decisions about when to plant, how to care for crops, and where to
use resources like water and fertiliser. So, it is like having a smart assistant for
farmers to make their farming better.

Farm Management Software: Farm Management Software is like a computer
helper for farmers. It is a special computer programme that helps farmers plan and
organize their farm work. It collects and organize information from different farming
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tools. With this software, farmers can keep track of what they are doing on the
farm, and it also makes reports for them. These reports help farmers make smart
decisions using the most up-to-date information.

Communication and Connectivity: Precision farming needs strong
communication networks to send and link data between different parts. Good
communication and connection are very important in precision farming. They help
in connecting different components and systems and share data smoothly. Wireless
connection makes it easy for field equipment, sensors, and software systems to M
communicate, making data sharing efficient and helping in decision-making. \Q@
Education and Training: Precision agriculture requires farmers to lﬁ@?the
knowledge and skills to effectively utilise the various components and teafologies.
Education and training programmes can equip farmers with necessary
understanding of precision agriculture principles, equipment @eration, data
analysis, and decision-making skills so that they can maximisé@eir benefits.

The various parts of precision farming, therefore, come o)ééther to help farmers
use advanced techniques, manage resources better, kdo¥t crop productivity, and
make smart decisions based on data. @

DID YOU KN?W?
N

e The Global Positioning System (GP%)%gﬁot the only satellite navigation system
used in precision agriculture. S e imagery has been used in agriculture
since 1970.

e The first commercially avai b% GPS-guided tractor made its debut in the late
1990s, marking a signiﬁg@ step in the integration of technology into farming
practices. X

Activity Qggsentation on Precision Farming Tech

1. with a brief overview of precision farming and its significance in modern
iculture. Highlight the goals of precision farming, such as optimizing
resources, improving yields, and promoting sustainability.

2. Form small groups and assign each group a specific precision farming
technology (e.g., GPS-guided tractors, drones, soil sensors, automated
irrigation, etc.).

3. Research and gather information about the assigned technology, focusing on
how it works and its benefits to the farmers.

4. Each group will create a visual presentation showcasing their assigned precision
farming technology. Use posters, slide presentation, or any other creative
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method to present the information. Include visuals, diagrams, and key points
about the technology's functionality.

5. Present the precision farming technology to the class by showcasing the
highlights on board.

Check Your Progress

A. Multiple Choice Question e

1. Which device is used to provide geolocation and time information of autor% d
machinery in precision agriculture? \5,
(a) Geographic Information System '\O
(b) RGB (Red, green, and blue) camera Q’Q’
(c) Global Positioning System
(d) Variable Rate Technology »\Q@

2. Which of the following technologies is commonly used{l\a?omtormg the health
and condition of crops? Q)

a) Satellite imagery %

b) Crop rotation

c) Fertiliser application '\

d) Manual harvesting &.\,

3. How does the Global Positionin em (GPS) benefit farmers in precision
g data

(
(
(
(

agriculture?
(a) By providing h1storlca1
(b) By enabling precise ma , field scouting, and equipment location
(c) By storing agricultu ata on a cloud server
(d) By determining Sdi levels
4. Which technologba ows farmers to create detailed maps of their fields and
manage spat1 for informed decision-making?
(a) GPS @
(b) GI
(c) ’\%te sensing
g
%at is the primary role of remote sensing in precision agriculture?
(a) To provide on-site soil analysis
b) To capture data about crops and fields from a distance

(
() To automate farm machinery
(d) To manage farm financial records

6. In precision agriculture, how does Variable Rate Technology (VRT) optimise
input application?
(a) By uniformly applying inputs across the entire field
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(b) By adjusting the rate of inputs based on specific field conditions
(¢) By manually spreading fertilizers and pesticides
(d) By using traditional irrigation methods

7. Which component of precision agriculture involves the use of data analytics to
provide valuable insights and recommendations to farmers?
(a) Farm machinery
(b) GPS guidance systems
(c) Data analytics and decision support systems e>,
(d) Communication networks <

Module 2: Introduction to Drones

Module Overview O\,

[

Y

This module on drone technology provides a c @hensive understanding of drone
components, classifications, safety, and re@ory frameworks. Upon completion,
learners will be able to identify key dro e(, omponents, classify drones based on
propeller configurations, weight, range, (ﬁg'power sources, and understand the safety
and regulatory considerations esseﬁg or selecting the appropriate drone type and
power source. The module is s ured into three sessions: an introduction to
drones, a detailed look at bast one components, and an overview of the DGCA's
Drone Rules 2021 in India. topics include the technology behind flight control
systems, sensors, comn(%&éation systems, and autonomous features, as well as
various drone types has fixed-wing, single-rotor, multirotor, and hybrid drones.
The module also cq s%%he diverse applications of drones in mapping, surveying,
surveillance, a @l‘?(’)tography, and provides a thorough understanding of the
regulatory fr erk established by the DGCA for safe drone operations.

&
o -
Learning Outcomes

Yy~

After completing this module, you will be able to:

e Identify the various components of a drone;

e Classify drones based on propeller configurations, weight, range, and power
sources;

e Describe the safety, regulations, that play a significant role in selecting the
appropriate drone type and power source; and
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e Describe the regulatory framework established by the Directorate General of
Civil Aviation (DGCA) in India for the safe and responsible operation of drones.

Module Structure

Session 1: Introduction to Drones

Session 2: Introduction to Basic Components of Drone

O\
Session 3: Drone Rules 2021 @V

Session 1: Introduction to Drones

Drone, also known as Unmanned Aerial Vehicles (UAV), or Remotely Piloted Aircraft
Systems (RPAS), is an aerial vehicle without a human pilot onboard. They are
controlled remotely or can be programmed to fly autonomously using pre-defined
flight plans. Drones have gained significant popularity and have diverse applications
across various industries. It is a flying robot that can_be remotely controlled or fly
autonomously using software-controlled flight plans in its embedded systems that
work in conjunction with onboard sensors and a Global Positioning System (GPS).
Drones come in various dimensions and types %nd are utilised to fulfil multiple needs.

Drones are remote-controlled aircraft thx@v}ave gained widespread attention across a
multitude of sectors and application %ese versatile aerial devices have undergone
significant advancements since therRMception, offering a diverse range of capabilities
and applications. In this modu ,«%ou will learn about the technology, utilisation, and

applications of drones.
>

Components of DronK nology

A drone consis @Q@éveral key components that work together to make it fly and
perform var1ou@sks Generally, a drone has a frame, motors with propellers, and
flight cont - which acts as its brain and processes signals from sensors like
accelero rs and gyroscopes. The drone also has a power source.
odern drones include a camera or other sensors for capturing images or data.
Q%s learn about the components in detail:
Flight Control System: In drones, the Flight Control System (FCS) is an
essential factor responsible for managing and regulating the drone's flight.

Similar to manned aircraft, drones rely on FCS to ensure control, stability,
and manoeuvrability during flight.
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Drones employ advanced flight control systems, including gyroscopes,
accelerometers, and GPS technology, to maintain stability during flight and execute
precise navigation.

The fundamental elements of a drone's Flight Control System include sensors, flight
controller, electronic speed controller, motors and propellers, communication system,
and autopilot features.

(a)

Battery Motor
Sensors
Landing

Gaar Controller

Fixed Wing Drone Hybrid Drone Muiltirotor Drone

=

Figtse 2.1: Components and types of Drone

Remote Op a@n: Just like the remote of your video game that is responsible for
control, o@rs employ remote controllers or mobile devices to manage a drone's
flight r&d}%, Ititude, speed, and camera functionalities.

S %s: Sensors are devices or instruments that identify and measure physical
gﬁerties or changes in the environment and transform the information into signals
ot data that can be interpreted, presented, or used for various purposes. Sensors are
extensively used in a varied range of applications across diverse industries. Drones
frequently integrate an array of sensors such as LiDAR (Light Detection and Ranging),
cameras, thermal imaging equipment, and ultrasonic sensors. These sensors serve
various purposes, including obstacle detection and avoidance, mapping, and data
collection.
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Communication System: A communication system can be understood as a set of
devices, networks, and protocols designed to enable the exchange of information
between different entities. The major objective of a communication system is to
transmit data from a sender to a receiver over a medium or channel. Drones establish
communication links with operators through wireless technology, enabling real-time
control and seamless data transmission.

Autonomous Features: Many drones are equipped with autonomous capabilities,
enabling them to execute tasks, such as following predefined flight paths é;
autonomously returning to a designated location. <

4

S

In general, drones are categorised into three categories based on tKgir~aerodynamic
characteristics, namely fixed-wing, rotary-wing, and hybrid. 4

O

Classification of Drones based on propellers (Fixed-Wjgg) Drones, Single-Rotor
Drones, Multirotor Drones and Fixed-Wing Hybrid). DroKgs can be classified based
on the number and configuration of their propel%Ol‘he number of propellers
significantly influences the drone's flight characteristics, stability, manoeuvrability,

2.1 Categorisation and Classifications of Drones

and payload capacity. Let us now learn about th&¢ommon classifications of drones

based on propellers: . (&.\
N

aeroplanes. They feature a si pair of large propellers or a single propeller
at the front that provides fodyward thrust. The wings, allowing the drone to
achieve sustained flight, generate the lift. Fixed-wing drones are known for
their long-flight endu e, high speed, and ability to cover large distances.
They are commo ed in mapping, surveying, and long-range surveillance

applications.
pp v

2. Single-R %rones: Single-rotor drones, also known as helicopter-style
drones, fegrure a single large propeller mounted vertically on top or at the rear
of t one. They use the principle of helicopter flight to generate lift and
c 1 their movement. Single-rotor drones are known for their

O%oeuvrabﬂity, ability to hover in place, and Vertical Take-off and Landing

% TOL) capability. They are often used in professional photography and

1. Fixed-wing Drones: Fixed-winz &gﬁes have a design similar to traditional

videography, search and rescue operations, and military applications.

3. Multirotor Drones: Multirotor drones are the most common type of drones
seen in the consumer and commercial market. They feature multiple propellers
that provide lift and control. The most common configurations are:

e Quadcopters: Quadcopters have four propellers arranged in a square
configuration. They are widely used for recreational flying, aerial
photography and videography, and various commercial applications.
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e Hexacopters: These have six propellers, typically arranged in a hexagonal
configuration. They offer increased stability, payload capacity, and
redundancy compared to quadcopters. Hexacopters are commonly used
for professional photography, industrial inspections, and search and
rescue operations.

e Octocopters: Octocopters feature eight propellers arranged in an
octagonal configuration. They offer even greater stability, lifting capaci

and redundancy compared to quadcopters and hexacopters. Octo rs

are used in high-end cinematography, heavy payload transportatigry and

industrial applications. “&
Quadcopter Hexacopter Octacopter

avY
Figure 2.2: Basic desigr@éﬂuadcopter, Hexacopter, and Octa-copter

The classification of d%ﬁased on propellers determines their flight capabilities,

versatility, and suigbility for specific applications, and are shown in figure 2.2.

Each type of dro nfiguration has its advantages and limitations. The choice of

the drone de on the intended use, flight requirements, and payload capacity

needed for,the¥specific application.

irdtor drones. They possess both fixed wings and multiple rotors, which

s them greater flexibility and adaptability during flight. Hybrid drones can

e off and land vertically like multirotor drones, making them suitable for

Q confined spaces or areas without runways. Once flying, they can transit into fixed-

wing flight mode for extended range and efficiency. This design makes hybrid

drones well-suited for tasks that require both hovering capability and the ability

to cover longer distances. They find applications in mapping, inspection, and
surveillance in challenging environments.

4. Hybr'd&) ones: Hybrid drones combine the capabilities of fixed-wing and
mu@é ?)t

These drones are sub-categorized as Remotely Piloted Aircraft System (RPA), Model
Remotely Piloted Aircraft System (Model RPAS), and Autonomous Unmanned Aircraft
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System (Autonomous UAS). Now, let us understand these in brief.

1. Remotely Piloted Aircraft System: A remotely piloted aircraft system,
commonly known as a drone, is a comprehensive technological ensemble
comprising both hardware and software components. This system is designed
to control and operate an Unmanned Aerial Vehicle (UAV) or aircraft from a
distant location.

2. Model Remotely Piloted Aircraft System (Model RPAS): A Model Remot
Piloted Aircraft System, often known as a "model drone" or "model aircriit,
represents a scaled-down, unmanned aircraft system primarily desi Q for
recreational or hobbyist use. These systems are typically employed\zbr flying
smaller aircraft models like quadcopters or fixed-wing planes. Ope rs control
them remotely, using joysticks or remote controls, for enjoyme articipation
in activities such as drone racing. Model RPAS must here to specific
regulations and safety guidelines established by aviation'\@t orities, ensuring
safe operation within designated airspace while foster@recreational flying.

"

3. Autonomous Unmanned Aircraft System: Autonomous Unmanned
Aircraft System (UAS) is a comprehensive aeNal system that possesses the
capability to operate without direct, real-timde¢/human control during its flight.
These systems are equipped with advapged technology, including sensors,
onboard computers, and pre-program . algorithms, enabling them to perform
tasks and make decisions auton sly. Autonomous UAS find application
across various industries and s o@rs, such as agriculture (for crop monitoring),
surveillance (for border secu Yand delivery services (for transporting goods).
They can execute miss'on%‘ or flights independently based on predefined
parameters and objecti é' inimising the need for human intervention once

they are programm%@ launched.

Classification of Dr based on Weight

In India, drones e(béommonly categorised in five types based on their weight as
depicted in Tab 1.

éble 2.1: Classifications of drones (Source: Drone Rules, 2021)

C

@ Category Permissible weight
Q% Nano <250 g
Micro > 250 gand < 2 kg
Small > 2 kg and < 25 kg
Medium > 25 kg and < 150 kg
Large > 150 kg

To learn about the classification of drones, it is essential to know about the size,
orientation and purposes.
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e Nano Drones: These can be identified as small drones, typically palm-sized,
designed for indoor use or close-range operations.

e Micro Drones: These types of drones are small drones that can fit in the palm
of your hand, often used for recreational purposes.

e Small Drones: These are medium-sized drones that are larger than mini
drones but smaller than professional-grade drones, suitable for various
applications like aerial surveying or monitoring.

e Medium Drones: These drones fall into an intermediate-size category. T}@
are larger than small drones and come with improved capabilities s‘cglas
increased payload capacity, extended flight durations, and better. @ ility.
Medium drones find usage in various fields like agriculture, aking,
infrastructure inspection, and environmental monitoring. T can carry
advanced sensors, cameras, and equipment, making them tha le for tasks
requiring higher data quality and longer operational range c@inpared to smaller
drones.

e Large Drones: It belongs to the upper range of drone &zgs They are recognized
for their substantial payload capacity, extende t times, and capability to
cover significant distances. These drones commonly employed for
demanding tasks like long-range surveillgnioe, search and rescue missions,
cargo transportation, and military operatjons. Large drones have the capacity
to carry sophisticated equipment, he \@Sensors, and even multiple payloads
concurrently. Their robust capabilitiey make them indispensable for scenarios
involving extensive data collecti T operations in challenging conditions.

Both medium and large drones se crucial assets across various sectors, offering
heightened capabilities that @ dress specific operational requirements. This

versatility makes them inval ools for a diverse array of applications.

Classification of Drone erms of Range

Drones can be classi ased on their range, which refers to the maximum distance
they can cover or t aximum distance they can be operated from their controller.

Close-range: 1@ class includes drones that have a range of 50 km and endurance
time of 1 t gpours. They are usually used for reconnaissance (military observation
of a regi ocate) and surveillance tasks.

Sho% ge: This class includes drones that have a range of 150 km or longer and

nce times of 8 to 12 hours. Short-range drones are typically used for

%@ eational purposes, photography, and basic surveillance. They are limited in terms
distance and are often controlled via radio frequency signals.
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Size

Nano Drones
Micro Drones
Small Drones
Medium Drones
Large Drones

Propellers LY

* Fixed Wing Drones
* Single Rotor Drones
* Multi-Rotor Drones

v Quadcopters

v Hexacopters

Figure 2.3: Cla cation of Drones

Mid-range: The mid-range class dr%e have super high speed and a working radius
of 650 km. They are generally us% for gathering meteorological data.

Very Long-Range Drones; se drones have several hundred kilometres or more
range. They are designe & missions requiring extremely long distances, such as
monitoring wildlife military operations. They can be equipped with satellite
communication systs’s to extend their operational range.

Classification rones based on Power

Drones Qa)lso be classified based on the type of power source they use.

When ¢laskifying drones based on power, we typically refer to the source of power and

the % od by which the drone is propelled. The following are the most common
ifications of drones based on power.

e Battery-powered Drones: These drones are electrically operated and they offer
a range of flight times depending on the battery capacity, size and weight. The
majority of consumer and commercial drones are powered by rechargeable
batteries, typically comprised of lithium-ion or lithium-polymer. In India,
battery-powered drones are most commonly used in agricultural applications.
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e Fuel Cell-powered Drones: These drones use hydrogen fuel cells to generate
electricity that powers the drone's motors and systems. Fuel cells offer longer
flight times compared to battery-powered drones and can be refuelled quickly.

e Gasoline/Petrol-powered Drones: These drones utilise internal combustion
engines fuelled by gasoline or petrol. These are capable of longer flight
durations and have higher payload capacities compared to battery-powered

drones.
O

e Solar-powered Drones: They are equipped with solar panels on their wi or

body to generate electricity from sunlight. They harness solar energy ower
the drone's system and charge the on-board batteries. Solar-pow drones
have the potential for long-endurance flights. 0

e Hybrid-Powered Drones: They combine multiple power s@yrces to enhance
their capabilities. They typically integrate a combinati&Q)f traditional fuels
(such as gasoline or diesel) and electric propulsion tems. The traditional
fuel engine can provide extended flight times andhigher payload capacities,
while the electric system offers efficiency and ility.

It is important to note that the classification o dl@es based on power is not limited
to these categories and can vary dependin the specific power sources and
technologies used. The choice of power Orce depends on factors, such as the
intended flight duration, payload requisq"@bnts, environmental considerations, and
the availability of infrastructure for geelling or recharging. Understanding further
about the applications and functior@ies of drones it is important to know about the

components of drones. It is cri s%l to grasp the intricacies of these versatile drones
that consist of several key el s

Activity 1: Le@ imagine a scenario where a drone is experiencing an improper
balance and&ig at risk of falling. Now, what actions will you take to address the
problem é nsure the safe operation of the drone? Write down the common drone
operatfonsYrelated issues and find the possible solution to address the issue with the
he e internet on your computer or mobile phone.

ity 2: Visit the drone laboratory to learn and identify different types of drones,
ineluding quadcopters, hexacopters, fixed-wing drones, and hybrid models.

Check Your Progress

A. Multiple Choice Questions

1. Nano drones falls in which category of weight?
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(a) less than 250 g
(b) More than 250g
(c) 250g to 2 kg

(d) More than 2 Kg

2. How are drones classified based on their power source?
(a) Electric, Fuel-powered, Solar
(b) Lightweight, Medium weight, Heavyweight
(¢) Indoor, Outdoor, Hybrid b,
(d) Remote-controlled, Autonomous, Semi-autonomous <

A\
3. Which of the following statements best describes a drone? .\«6
(a) A small, unmanned aircraft operated remotely or autonomou§
(b) A large, manned aircraft used for military purposes. Q
(c) A type of helicopter used for recreational flying. <
(d) A remote-controlled car with aerial capabilities. ‘\Q
O
4. Which of the following is an advantage of drone techn lc)%y?
(a) Increased human physical exertion in complet{dg tasks.
(b) Limited application in various industries any sectors.
(c) Ability to access hard-to-reach or hazardous areas.
(d) Higher cost compared to traditiona}l %\'sﬁhods.

N

Session 2: Introduction to Basic Components of Drone

Basic Components of a Drt@

In the last session, we ta%d about sorting drones into different types. Now, to really
understand drones — t they do and how they work — it is important to know the
basic parts of a dr £ n figure 2.1, each part of a drone is shown separately for a
clearer underst %ﬁg.

L

OQV

S
e
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Figure 2.1: Parts of Drone Q
The usage of drones, in terms of their functionalities and ications in various

sectors require a thorough knowledge about the co )ﬁents of a drones. The
components of the drone, which involve frame, moto s?;g’opellers, flight controller,
battery, electronic speed controller, and GPS, are sh in figure 2.2.

The key components work together to enable thd\flight and control of the drone. Now,
let us learn about each component to have ‘% ood understanding of the operation
and application of drones. 'g'

GP% Antenna

Q Figure 2.2: Drone and its components

Frame: Drones typically consist of a frame or chassis that provides structural
support and houses the essential components. The frame is the physical structure of
the drone that holds all the other components together. It can be understood as a
structure in which various components are attached symmetrically so that they
balance the centre of gravity. It can be made of materials like carbon fibre, plastic, or
metal, and its design can vary depending on the type and purpose of the drone.
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O

<

Figure 2.3: Frame of a Quadcopter Drone \Q'
.\@
Motors: Drones typically have multiple electric motors, usually brushl \;@ attached
to the frame. The motors provide the necessary thrust to generate li control the

drone's movement in the air. The number and configuration of ors can differ
based on the drone's design, such as quadcopters with four m& or hexacopters

with six motors. O
e ] \Y

(%

Figure % Y  Brushless Direct Current Motor

Propellers: Propeller ’&Je structures like the blade of a fan and their function is to
create pressure d nce in air. Drone speed and payload lifting depend on the
shape, size, an ber of propellers. The long propellers create huge thrust to carry
heavy loads ilé short propellers carry lesser loads. Similarly, a greater number of
propellersg% rate higher thrust and are capable of carrying heavy loads and vice-
versa. ller shape involves a combination of aerodynamics, material science, and
engiglng principles to create efficient and effective propellers that can generate the
regented thrust while maintaining stability and control. They are usually made up of
éastic (Nylon or polycarbonate), carbon fibre, fibreglass, wood, and composite
materials. They are attached to the motors and spin rapidly to create the airflow
required for lift and propulsion. They come in pairs, with each pair spinning in
opposite directions to maintain stability and balance during flight. The size and pitch
of the propellers can vary depending on the drone's specifications and intended use.
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Figure 2.5: A Drone Propeller b,
Flight Controller: The flight controller is the brain of the drone. It is a circui&{&rd
with an integrated microcontroller that receives input from various seprgérs and
controls the drone's flight. The flight controller processes data from sen Ksuch as
accelerometers, gyroscopes, barometers, and GPS, and sends signals just motor
speeds and control the drone's stability and orientation.

&

Battery: Drones are powered by rechargeable batteries, usﬁ\ﬁy lithium polymer
(LiPo) and Lithium ion (Li-ion) batteries. The battery prov the electrical energy

required to operate the motors, flight controller, and o on-board systems. The
capacity and voltage of the battery can vary depend% n the drone's size, weight,
and flight duration requirements. @

4 Figure 2.6: A typical battery used in drones

b the flight controller and the motors. They regulate the power and speed of
ch motor based on the signals received from the flight controller. ESCs control the
rotational speed of the motors, enabling precise control of the drone's movements.

Ele?&c Speed Controllers (ESCs): These are electronic devices connected

Radio Transmitter and Receiver: Drones use radio communication systems for
remote control. The pilot uses a handheld radio transmitter to send control
commands, and the drone's on-board receiver receives and interprets these
commands enabling remote control of the drone's flight.
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Figure 2.7: Receiver RX and Remote TX %Q

Sensors: Drones are equipped with various sensors to gather data abo@e drone's
environment and flight parameters. Common sensors includeif lerometers,
gyroscopes, magnetometers, barometers and GPS receivers. These sénsors provide
information to the flight controller for stabilizing the drone, '}@mtaining altitude,
navigating and other flight functions. \’O

On-board Camera/Gimbal: Many drones are equip e@w\"ith on-board cameras or
gimbals to capture photos and videos during ﬂight.%&se cameras can range from
basic built-in cameras to high-resolution profess@al—grade cameras depending on
the drone's purpose.

'g@' Figure 2.8: Multispectral Camera
Propeller@ ds and Landing Gear: Some drones may feature propeller guards to

protec ‘}fg propellers from damage and increase safety. Additionally, landing gear
prov@éupport and stability during take-off and landing.

%ese components work together to enable the flight control and functionality of
drones. The specific components and their configurations can vary depending on the
type of drone, its intended use, and the level of sophistication in its design. The
components of a drone are shown in Figure 2.9 and their purpose is given in Table
2.1.

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL




Kisan Drone Operator - Grade XI

RAND T,

Figure 2.9: Front View’Q?‘E'he Drone Components

Table 2.1: Compo$ of drone and their purpose

S

5}
D

Q)
Mﬁ@mete

S.No.| Components A - Purpose
1. | Acceleromete |A elerometer is a device that measures the vibration or
r owﬁaﬁon of motion of a structure.
2. | Gyroscope Q gyroscope measures the rate of rotation and helps keep the
'g' drone balanced.
3. A magnetometer isa device that is used to measure

magnetism. It helps in measuring the direction and strength of
the magnetic fields, including the one which is on or near the

Earth and the one which is in space.

Wireless

Wireless Sensor Network (WSN) is a computer network

Sensor composed of tiny devices named sensors nodes. These devices

Networks have a set of sensors to sense data, such as temperature,
humidity, light level, and substances concentration.

S. |Inertial An inertial measurement unit (IMU) is an electronic device

Measuremen |that measures and reports a body's specific force, angular

t Unit rate, and sometimes the orientation of the body, using a

combination of accelerometers, gyroscopes, and

sometimes magnetometers.

BHOPAL
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6. | Global Global Positioning System (GPS) module inside the drone
Positioning allows the drone to know the position relative to a network of
System orbiting satellites.

7. | Camera Cameras are extensively used for capturing aerial

photographs and videos.

8. | Multispectral | These cameras are used to capture images at specific

Camera frequencies.
9. | Hyperspectra | These cameras are used to capture images at narrow spectr
1 camera bands. n%'
10. | Thermal These cameras are used to detect infrared radiation. \QU
Camera ,"\@
11. | Video These cameras are used to capture electronio\@@ﬁon of
Camera objects. A
12. |2 D Laser 2D laser scanners are used to create detailedvterrain maps
Scanner and models. Drones equipped with these ers can fly over
an area, capturing precise elevation datq that can be used for
construction planning, environmenta’f\gonitoring, or disaster
assessment. e
13. | Telemetry Telemetry systems on drone MTect various types of data,
including GPS coordinate Ititude, speed, battery status,
sensor readings (such asgmperature or humidity), and other
relevant parameters dg@‘hding on the drone's configuration
and mission requirggents.
14. | Altimeter An altimeter in one is a sensor that measures the altitude

or height ab& specific reference point, usually mean sea
level (MSL)4 THis device provides valuable information about
the drorgsvertical position, and it is crucial for various
aspgg.'&f drone operation.
15. | Brushless BrC@?fess Direct Current (BLDC) motors are electric motors
Direct (tlat operate using direct current (DC) and do not rely on
Current lqsrlshes for commutation.
16. | ElectrondC )Y | An Electronic Speed Controller (ESC) is a device that controls
Speegf the speed and direction of an electric motor, particularly in
C er applications such as drones, model aircraft, electric vehicles,
((‘E%;C) and robotics.
176%186 Width | A Pulse Width Modulation (PWM) controller is an electronic
Modulation device or circuit that modulates the width of pulses in a PWM
‘Q Controller signal. PWM is a modulation technique commonly used in
electronics to control the average power delivered to a device,
such as an electric motor, LED, or heating element.
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DID YOU KNOW?

e Drone frames can be made from a variety of materials, including carbon fibre,
aluminium, and plastic. Carbon fibre is often preferred due to its strength-to-
weight ratio, providing durability without adding excessive weight.

e Most drones use brushless motors for propulsion. These motors are more efficient,
durable, and produce less heat compared to traditional brushed motors. They

contribute to longer flight times and increased reliability.
e Lithium-polymer (LiPo) batteries are commonly used in drones due to their @'
energy density. \Q
.\'@

Activity 1: In this activity, you will learn about the mecharﬁc? of drone flight. Before
performing the activity, organise a conversation arou§<ghe fundamental principles

of gravity and lift. Use a hair dryer and direct it up . Place a ping-pong ball into

the airflow and think, "What causes the ping—pon@al to hover (stay in air)?
N\

A
>
&S

X
You will observe t he upward force of the air balances the downward force of
gravity, keepin@ all suspended in the air. Observe the ball's behaviour when the
hair dryer i ed-off. Write down the observations in a diary or your portfolio and
learn abof\sch more mechanics of drone flight by doing experiments. You can take
the he %&mobile application or computer to undertake the creative experiments to

leargrb

Check Your Progress

1. Which component of a drone is responsible for housing and supporting
all other components?
a) Motors
b) Frame
c) Propellers
d) Flight Controller
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2. What type of motors are typically used in drones to provide thrust and
control movement?
a) Brushed DC motors
b) Stepper motors
c) Brushless DC motors
d) Servo motors
3. Which component is considered the 'brain' of the drone, responsible for
processing data from sensors and controlling the flight?

a) Battery b,
b) Electronic Speed Controller (ESC) <

c) Flight Controller . éo
d) Radio Transmitter \3«
4. Which component measures the rate of rotation and helps kesig'le drone
balanced? Q
a) Accelerometer 4
b) Gyroscope ‘\Q
c) Magnetometer \,,O
d) Altimeter X,
5. Which component regulates the power and speed @J each motor in a drone?
a) Battery %
b) Electronic Speed Controller (ESC)@
c) Pulse Width Modulation Contr
d) Brushless Direct Current M,é@g
<

Session 3: Drone Rules 2021 and Certification System

@
When you are in a car or @ith your parents, you probably have noticed that the
person driving follows tr rules. Sometimes, you might see a traffic signal without
working lights, and i ¥en make managing traffic tricky. Working signal lights help
traffic flow smoot ust like you need a license and follow safety rules for driving
a car or bike, o ing a drone has its own set of rules. These rules and regulations
d

lead to a bet@ safer drone operation. Let us learn about these rules and concepts
required tq& ow for flying drones.

Droé&nes
S

Qone zones refer to designated areas or regions where the operation of drones is
regulated or restricted. The rules and regulations are established to govern the use
of drones, especially as their popularity has increased. These regulations often
include guidelines on where drones can and cannot be flown. Designated areas for
drone operation, sometimes referred to as "drone zones" or "no-fly zones," are
locations where special rules apply due to safety, security, or privacy concerns.
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The Indian Airspace is divided into three zones: Red, Yellow and Green, which is
shown in figure 3.1.

e Red Zone: These are specific designated areas where drone operations are strictly
prohibited due to safety or security concerns. These areas may include locations
with critical infrastructure, emergency response sites, or areas where drone flights
pose significant risks to public safety. The area located between the lateral
distances of O to 5 km from the perimeter of an operational airport is prohibited
for flying operation of drones. b,

.

e Yellow Zone: These are designated areas where drone operations are g \Q:c to
additional restrictions and approvals beyond those in green zones\’ﬁ%e areas
may have specific limitations or temporary restrictions based on fa s such as
events, security concerns, or airspace congestion. The airspace Q'ed between
distances of 5 km to 8 km is considered an inner yellow@one where ATC
permission is required for flying a drone. The airspace above’\ﬁo feet or 60 meters
in the area located between lateral distance of 8 km and X Xm from the perimeter
of an operational airport shall be designated as a yellos(lzone (outer). The airspace
above 400 feet or 120 meters in the designated gr@ne, shall be designated as
a yellow zone.

V2R

R\

C}igure 3.1: Pictorial Representation Depicting Permission Protocol
%% of Drone Zone

g Green Zone: These are designated areas where drone operations are permitted
without the need for specific approvals or additional restrictions. These areas are
typically considered safe for drone flights and are often located away from
sensitive locations and populated areas. The airspace up to 400 feet or 120 meters
in the area that has not been designated as a yellow or red zone and the airspace
up to a vertical distance of 200 feet or 60 meters located between lateral distances
of 12 km and above from the perimeter of the operational airport, shall be
designated as a green zone.
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Drone Rules 2021

Drone Rules 2021, is a set of regulations and guidelines established by Directorate
General of Civil Aviation (DGCA) of India to govern the safe and responsible operation
of drones. These rules are designed to ensure the integration of drones into the
national airspace while minimising risks and promoting safety. According to the
Drone Rules, 2021, the commonly followed stages are:

(i) Authorised Remote Pilot Training Organisation (RPTO): It is a body ap @Q’
by the regulatory authority to provide comprehensive training and educ, to
individuals seeking to become licensed remote pilots. These\@pes of
organisations conduct training programmes that cover various as of drone
operation, including flight procedures, regulations, safety ﬁocols, and
emergency response. The proforma for applying as RPTO is @rm D-5 given on
the website of DGCA. ‘\Q

O

(ii) Automatic Drone Operation: It refers to the capa il)i% of a drone to execute
predetermined flight patterns and tasks withou¢ @rect intervention from the
remote pilot during the flight. This is often achigved through pre-programmed
flight plans or advanced autonomous flight ems that can follow waypoints,
avoid obstacles, and perform specific aciti .

,Q{\/

(iii) Autonomous Drone Operation: Th{ takes automation a step further, where
the drone is capable of performi @omplex tasks and decision-making without
the need for real-time control emote pilot. Autonomous drones can analyse
data from sensors anﬁe independent decisions based on pre-defined

algorithms, enabling the arryout missions with minimal human input.

(iv) Certificate of Air%l)si:,hiness: A certificate of airworthiness is an official
document issue(féy the DGCA after a thorough inspection and assessment of a
drone's desig ,%nstruction, and maintenance. It certifies that the drone is
airworthy &neets the required safety standards for flight.

on@&d Airspace: It refers to specific designated areas within the national
i@ e that are managed and supervised by Air Traffic Control (ATC)
orities. Drone operations within controlled airspace require special
%ﬂpprovals and coordination with ATC to ensure safe integration with manned
Q aircraft operations.

v) C
a

(vi) Digital Sky Platform: It is a platform with an online system or portal established
by the DGCA to facilitate the registration and approval of drone operations. It
serves as a centralised platform for drone operators to submit flight plans, seek
permissions, and obtain clearances for their drone flights.

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL



Kisan Drone Operator - Grade XI

(vii) Geo-fencing: It is a technology used to establish virtual boundaries or
geographically restricted areas where drone flights are either limited or
prohibited. It is implemented through software and GPS technology to prevent
drones from entering sensitive or restricted locations, such as airports, military
installations, or privacy-sensitive areas.

(viii) Prototype Drone: It refers to an experimental or early-stage model of a drone
that is developed for testing and research purposes. Prototype drones may
undergo multiple iterations and modifications before reaching a ﬁr@,

production-ready design. \ng
(ix) Remote Pilot Certificate: A remote pilot certificate issued by th CA to

individuals who have completed the necessary training and demo @ated their
knowledge and competency in operating drones. Holders of t Qtiﬁcate are
authorised to operate drones within specified regulati and airspace
classifications. An individual is eligible to obtain a remote 'b@t certificate only if
he/she is not less than 18 years and not more than 6Q)years of age and has
passed 10th standard examination or equivalent ané/c mpleted training from

authorized RPTO. s @)

(x) Unmanned Aircraft System Traffic Manag@ent (UTM): It is a sophisticated
network designed to manage and monitor g¥pne traffic in the airspace. It utilises
advanced communication and tracki technologies to ensure the safe
integration of drones into manned, &jation operations and to avoid collisions
between drones. @'

(xi) Unique Identification N n%er: A unique identification number is a distinct
code assigned to each re 1&6 ed drone, enabling its identification and tracking.
This number is ¢ for record-keeping, regulatory compliance, and
enforcement purpos

Drone Certificati@'

Drone Certiffgation is the process by which an Unmanned Aircraft System (UAS) or

drone is n,fﬁc lly approved and granted permission to operate within a particular

ion. Directorate General of Civil Aviation (DGCA) or any other authorized

body responsible for aviation safety. It plays a crucial role in evaluating

?{}nsuring that drones meet specific standards and safety requirements for legal
d safe operation.

Certification Agencies: These are organisations designated by the DGCA to carry
out the certification process. These agencies are responsible for assessing various
aspects of the drone, including its design, construction, performance, and safety
features, to determine whether it meets the necessary criteria for certification. They
may also evaluate the qualifications and training of drone operators (remote pilots) to
ensure that they are competent to fly the drone.

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL



Kisan Drone Operator - Grade XI

Procedure for Application: The procedure for drone certification involves several
steps that drone manufacturers or operators must follow to obtain the required
certification. The interested manufacturer shall apply in form D-1 on Digital Sky
Platform through a certification agency to DGCA for certificate. This typically includes
the following:

a) Application Submission: The drone operator or manufacturer applies to the
certification agency, providing detailed information about the dron
specifications, design, safety features, and intended use. \ng

b) Evaluation and Testing: The certification agency conducts a thor

evaluation and testing of the drone to assess its compliance wit ety and
performance standards. This may involve flight tes@ Y structural
assessments, and verification of safety features. 4

O

c) Documentation Review: The certification agency reyiQys technical
documentation related to the drone's design, c)oéfstruction, and safety
measures. They ensure that the drone meets the dgulatory requirements and
industry standards. @

d) Compliance Assessment: The drone's %ign and performance are compared
against established regulations and,g delines to determine if it meets the
necessary standards. &@

e) Certification Issuance: If tlt%tone successfully meets all the requirements,
the DGCA on the reco ndation of certification agency grants an official
certificate, also known IEP pe Certificate’ indicating that the drone is certified
and authorised for ogeration.

f) Type Certific is an official document issued by aviation regulatory
authorities, @'h as the Directorate General of Civil Aviation (DGCA) in India,
which es that a drone, meets the required safety and regulatory

stand@s for airworthiness. This certificate confirms that the design and
prcd&c 1on of the drone comply with established technical and safety criteria,
1dwing it to be legally operated within the jurisdiction of the certifying body.

e process of obtaining a Type Certificate typically involves a thorough

@ evaluation of the drone's design, manufacturing processes, performance, and
Q safety features. Once the drone meets all the necessary requirements and
passes all the tests, the DGCA grants the Type Certificate, authorizing the

drone for commercial or recreational use. This certification ensures that the

drone is safe for operation and complies with all relevant aviation regulations.
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General Safety: Drone certification focuses on ensuring general safety aspects to
mitigate potential risks associated with drone operations. This includes verifying that
the drone has undergone structural integrity testing, adheres to weight and size
limits, and has appropriate safety features to prevent accidents and ensure safe flight.
Safety considerations also involve assessing the drone's ability to maintain stable
flight, handle adverse weather conditions, and avoid collisions with obstacles and
other aircraft. Certification agencies work to ensure that the drone's design and
performance align with safety standards to minimise the likelihood of accidents or
incidents during flight. b,
.
Mandatory Safety Features: Drone certification may include requirer.n@@' for
mandatory safety features that must be present in the drone. These safefy ¥¢atures
are designed to enhance the overall safety of the drone's operation. T@ andatory
safety features as per Drone Rules 2021 include: Q

a) No permission No Take-off (NPNT) supported with harﬁ@ge and firmware.

b) Geo-fencing, a virtual boundary system that rest@¥ts the drone's flight
within designated areas, ensuring it stays a@%‘ from no-fly zones or
restricted airspace. @)

c) Real-time beacon for communicating the droge’s altitude, speed and unique
identification number. \

By ensuring that drones have these manda@gafety features, certification agencies
contribute to safer drone operations an{d@ reased public confidence in the use of
drones for various applications. (b¢

Drone operation has emerged s% transformative and multipurpose technology in
various fields. The applicatio ép n a wide range of industries. The appeal of drone
technology lies in its abilit XQyccess hard-to-reach or hazardous areas, capture high-
resolution imagery, and orm tasks efficiently.

Activi Conduct a role-playing exercise where you will simulate the scenario of
a dr entering a restricted military zone. Each participant should articulate the

they would take to safely retrieve the drone, considering the researched
§g‘ulations. For example, you do a role-play in a scenario where a drone
unintentionally enters a restricted military zone. The following actions can be
demonstrated during the role-play:

e Immediately ceasing the operation

e Contacting or informing the local aviation authorities

e Manually retrieving the drone by returning it to a designated and legal
airspace.
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e Maintaining a comprehensive record of the incident, including details of the
flight, the moment of entry into the restricted zone, and any communication
with authorities.

e Adhering to UAS rules and regulations applicable in the specific region where
the incident occurred like flight restrictions, altitude limits registration and
identification, licensing, etc.

Check Your Progress

A. Multiple Choice Questions .
Xy
1. Which of the following is a common safety regulation for operatin@nes’?
(a) Flying a drone at any altitude without restrictions.
(b) Flying a drone near airports or other restricted airspace.@
(c) Flying a drone without any knowledge of local regulatﬁ@s.
(d) Flying a drone over crowded areas and people. \,,0

2. Which of the following statements about DGCA i Q)%ﬁa is true?
(a) DGCA regulates road traffic and transportatiom in India.
(b) DGCA is responsible for managing and re@ating air transportation in India.
(c) DGCA only oversees international flig in and out of India.
(d) DGCA is primarily concerned witheﬁbrltime safety and navigation.

3. How often does the drone pilot %to inspect their drone to ensure that it is in
good working condition?
(a) before each flight %
(b) daily '0’6
(c) monthly XU
(d) weekly %
>

4.What should Q‘he minimum age of the person to be eligible to receive a remote

pilot cer te?
(a) 18y,
(b) 1 s

(¢) @ ears

@24 years
g@

Write the full forms of the following abbreviations:

1. DGCA
2. UTM
3. NPNT
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Module 3 Aerodynamics and Drone

Operation

Module Overview

0.6

Aerodynamics is the study of the behaviour of air as it interacts with so]x%b_]ects
such as aircraft, cars, buildings, and other structures. It is a branch of fl ynamics
that specifically focuses on the motion of air and its effects on object@ng through

it. e

The primary goals of aerodynamics are to understand an Qdict how air flows
around objects, how forces and moments (like lift, drag, a hrust) are generated,
and how these factors influence the performance atg\.behaviour of vehicles or
structures in motion.

Since drones come in various sizes and sha <CQelr aerodynamic principle differ
depending upon their applications. Drone d(fé&n involves lightweight materials and
streamlined configurations for balance an noeuvrability. Propulsion, powered by
rechargeable batteries, generates the t??%( needed for flight through electric motors

and propellers. @

Flight control relies on senso 4jke gyroscopes and accelerometers, maintaining
equilibrium and guiding the@rone during flight. Communication happens through
remote controllers or m devices, allowing operators to give commands for flight
trajectory, altitude agjstinents, speed modulation, and camera functions. Modern
drones often have nomous features, executing predefined routes, returning to
launch points, voiding obstacles with integrated sensors.

In this ur@ will learn about the fundamental mechanics of drones, the integral
compo&e} at play, and the extensive array of their applications.

Q6 Learning Outcomes

After completing this module, you will be able to:
e Describe basic aerodynamic forces acting on drone;

e Explain the influence of weight, lift, thrust, and drag on drone flight;
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e Demonstrate the knowledge of pitch, roll, and yaw in controlling a drone’s
movement and stability;

e List factors affecting aerodynamic forces; and

e State the role of propeller in drone aerodynamics.

Module Structure

Session 1: Principles of Aerodynamics <

Session 2: Operation of Fixed-wing @,

Session 3: Operation of Multirotor Drone

Session 1: Principles of Aerodynamics

The aerodynamic force depends on the relative magnitudes of four forces: Weight, Lift,
Thrust, and Drag. Based on the resulting relative magnitude and direction of these
four vectors, the drone will take-off, hover and navigate in a particular direction. The
Weight, Lift, Thrust, and Drag are principles {%rodynamics for the operation of

drone (Figure 3.1). .‘\,(b,

QCJ\' Figure 3.1: Four Forces for the Operation of Drone

Q@ Weight is the force of gravity acting on the object that is always directed toward
the centre of the earth. During flight, the weight rotates about the centre of
gravity. Flying a multirotor drone encompasses two major hurdles. First, the
weight of the drone must be overcome by an opposing force. Second, the drone
must be controllable in flight. The centre of gravity is the point in an aircraft
where the combined weight of the aircraft and its cargo is distributed evenly.
The centre of gravity and the drone's weight plays a major role in drone
performance stability and efficiency.
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(ii)  Lift is the force exerted on the drone by the air. Bernoulli's principle states that
as the speed of fluid (air in this case) increases, the pressure decreases. This
principle is at play in the design of wings and aerofoils, resulting into different
air pressure on the upper and lower surface. It is the result of the interaction
between the air and the drone. Lift is perpendicular to the flight direction. The
magnitude of the lift depends on the air density and the velocity of the drone.
The greater the density of the air, the greater the lift force. The higher the speed,
the greater the lift. The shape and size of the drone also contributes to the
resulting lift force. Lift acts through the centre of pressure. This is the pointb‘g
which the lift force and the weight of the drone are in equilibrium. \Q@

&

Low Pressure

— i, N High Pressure

High Pressure

Figure 3.2: Pressure Ii@erence in Air

When the drone is at rest, the centre@bpressure is directly under the centre of
gravity. When the drone is moviQ&/ the centre of pressure moves with the
drone. The location of the ce @'of pressure changes as the drone changes
direction. Evidently, the per ance of the drone is dependent on the position
of the drone in the air, amd{\n turn, the distribution of the lift force is especially
important for controlli e drone.
Y
The fixed-wing drones rely on the shape and design of their wings to generate
lift through the Bernoulli's principle. The curved shape of the wing creates a
pressure difference, with lower pressure on the top surface and higher pressure
on the bottom surface, generating lift. The rotary-wing drones, such as
quadcopters or multi-rotors, generate lift through the rotation of their rotor
blades. As the blades spin, they create an upward force due to the pressure
%‘d'ifference between the top and bottom surfaces of the blades.

’Ql% Thrust is the forward force that propels the drone through the air. It
counteracts the drag force and allows the drone to move in the desired
direction. The thrust is generated by the drone's propulsion system, such as
electric motors or combustion engines, which powers the propellers or rotor
blades. Thrust is a mechanical force and is dependent on Newton's third law
of motion, where for every force there is an equal and opposite reaction force.
The spinning of the blades push air down, there is an equal reaction in the air,
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creating a force in the opposing direction. Accordingly, the direction of the
thrust force will be different depending on the mounting of the propellers.

(ivy Drag is a generic term used to describe any force resisting the motion of an
object through a fluid (which in this case is air). It can be produced by a variety
of mechanisms. The drag of a body moving through a fluid is a force, acting in
the opposite direction to the motion of the body, and causing a decrease in the
velocity of the body. Like lift, drag acts on the centre of pressure and is
dependent on the shape and size of the drone as well as the velocity.

\Q@

Controlling Drones during Flight °\9

(i) Throttle refers to the control mechanism that regulates t wer output
of the engine or motors. It is typically a lever or a controfjon the remote

controller that the pilot uses to adjust the amount st generated by
the propulsion system. Throttle is crucial for contrgllintg the altitude of the
aircraft or drone. The throttle control allows th erator to increase or

produced by the propellers. In the case ltirotor drones, setting the
throttle to a level that balances the force@g avity allows the drone to hover
at a specific altitude. Hovering refersato thie state where a drone maintains
a stable position in the air withog\ y significant upward or downward
movement.

(ii) Drones often utilise “control §$faces” to adjust their altitude (pitch, roll,
and yaw) and maintain st @‘fy during flight. These surfaces can include
ailerons, elevators, ruddery, or adjustable rotor orientations. By altering the
airflow over these %’ ces, drones can control their orientation and
manoeuvre thro the air. By manipulating the three axes
simultaneouslt‘ﬁf@ne pilots can achieve complex flight manoeuvres and
perform ta uch as hovering, circling, flying in a straight line, or
capturing $ ial footage from different angles.

Three Axes of @ht

In aviati %e)three primary axes of flight refer to the imaginary lines around which
an airgral¥ rotates and manoeuvres. These axes are crucial for understanding the
con and stability of an aircraft. Drones also operate in three axes of flight. These

allow the drone to move and manoeuvre in different directions. These three axes
aye as follows:

decrease the rotational speed of motors thi"m turn affects the thrust

(i) The longitudinal axis or the roll axis extends from the front (nose) to the
back (tail) through the centre of gravity. It refers to the rotation of the drone
around the front-to-back axis. When a drone rolls, one wing moves up while
the other moves down, causing the drone to tilt to the left or right.
Controlling the roll axis allows the drone to perform banking turns. Thus,
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when a drone rolls, it tilts to one side, allowing it to change its direction
while maintaining a consistent altitude.

(ii) The lateral axis or a pitch axis runs from wingtip to wingtip, perpendicular
to the longitudinal axis, passing through the centre of gravity. It refers to
the rotation of the drone around the side-to-side axis. When a drone
pitches, the nose either points up or down, causing the drone to tilt forward
or backward. By controlling the pitch axis, the drone can ascend or descend
and change its forward speed.

(iij)  The vertical or the yaw axis runs vertically through the centre of the dro
It refers to the rotation of the drone around the vertical axis, &ing
through the centre of gravity. When a drone yaws, it rotates left 1ght
without changing its position in the air. Controlling the yaw axisﬁyﬁows the
drone to change direction horizontally and face different orie@t@ons.

The movement of throttle, pitch, roll and yaw is shown in figure SéJQ

Throttle Pitch
Move down Move up Move forward Move backward
Roll Yaw
% -\
Bend left Bend Right Rotate left Rotate right

O Normal speed o High Speed

CJ\’

6@ Figure 3.3: Controls of Quadcopter

Q DID YOU KNOW?

e To combat natural calamities or emergency, the concepts for drone
ambulances are being discovered, where drones fortified with medical supplies
could deliver rapid response in emergencies.

e Drones are used as educational tools in schools and universities to teach
students about aerodynamics, programming, and technology.
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Activity 1: Sketch a simple design for your drone, considering the placement of
components. Decide on the size and shape of the frame using Popsicle sticks. Use
Popsicle sticks to create the frame of your drone. Secure them together using a hot
glue gun to form a stable structure. Ensure the frame is lightweight yet robust enou@
to hold the components. Make a presentation of your model. <

Check Your Progress

A. Multiple Choice Questions

1. Which principle explains the generation of lift in drones@
a) Newton's Third Law
b) Archimedes' Principle

\,\J
c) Bernoulli's Principle

d) Pascal's Principle

2. What is the purpose of control surfa(:(:t@" a drone?
a) To generate lift <

b) To stabilize the drone durin @ht
c) To provide power for propévn
d) To maintain battery life %

3. What is the primary @e of propulsion for most drones?
a) Rockets

b) Jet engines g{&,
c) Propellers , Q)

d) Solar @s
Q

Session 2: Operation of Fixed-wing Drone

You must have seen an airplane that consists of wings, wheels, and many other
components. Just like an airplane, a fixed-wing drone is a smaller type of airplane
with wings fixed in it.

Let us now understand about fixed-wing drone considering the following components:

e Structure: Fixed-wing drones, much like aeroplanes, have wings that stay in one
position. This sets them apart from drones with rotating blades. The fixed-wing
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design allows them to fly similar to traditional airplanes.

e Power Source: These drones run on either electric motors or internal combustion
engines, similar to what powers many remote-controlled toys. Energy is stored in
a rechargeable battery.

e Take-off: Unlike drones that go straight up, fixed-wing drones need a runway for
take-off. They gain enough speed on the ground until their wings generate the lift
needed for take-off. b,

.

e Flight Control: Control surfaces on the wings and tail steer fixed-wi %es.
These include ailerons on the wings for rolling, elevators on the tail {&itching,
and a rudder for yawing. Automated systems control these surfaces %’ avigation.

e Navigation: Fixed-wing drones are equipped with sensors and @S for navigation.
GPS helps determine the drone’s position, allowing for pﬁ@'ammed routes or
controlled flight. Additional sensors may be used quQItltude and obstacle
avoidance. \J

e Payload and Uses: These drones can carry di t payloads such as cameras
or sensors. This makes them valuable for tggk e aerial surveying, mapping, or
monitoring crops in agriculture. Their efﬁ%ty in covering large areas is due to

their longer flying time.
&
e Landing: Similar to take-off, fi @Wing drones need a runway for landing.
Automated systems control the cent and the drone lands once it slows down
enough.

¢ Rules and Safety: Qﬁm ing a drone, including fixed-wing ones, comes with
responsibilities. U t follow local regulations, which include respecting no-
fly zones and adl?§$(g to safety practices

Fixed-wing dror@rely on their aerodynamic design and maintain stable flight. Now,
let us und d the types of fixed-wing drones.

3.1 Ty{pep’of Fixed-Wing Drones

g are different types of fixed-wing drones that are designed to perform specific
plications. The following are common types of fixed-wing drones based on number
of wings:

* Unmanned Monoplanes (1 wing planes)

* Unmanned Biplanes (2 wing planes)

* Unmanned Triplanes (3 wing planes)

* Unmanned Quadra planes (4 wing planes)

* Unmanned Multiplanes (S or more wing planes)
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The different types of fixed-wing drones/UAVs may be divided in accordance with:

* Basic designs and shapes (conventional wings, flying wings, etc.)
* Several wings’ planes (monoplanes and biplanes)
* The different configurations of wings (variable wings that sweep, fold, etc.)
* The empennage (tail assembly of an airplane) and foreplane-specific designs
(tailless and unmanned canards, etc.)
O

3.2 Operation of Fixed-Wing Drone \Q@

Fixed-wing drones operate on the same principles as traditional aircraf %hey are

designed with a fixed-wing structure that generates lift and enables su ed flight.
The parts of fixed-wing drone are shown in figure 3.4. Q
Vertical

Stablilizer
Rudder

Elevator

Wing

Horizontal
Stablilizer

Propeller Landing Gear

Fuselage

@.%-

igure 3.4: Parts of Fixed-wing Drone

Now, let@mderstand the operation of a fixed-wing drone:

Také‘! To begin the flight, the drone needs to gain enough speed to generate
S ent lift. This can be achieved through various methods, including hand

nching or using a runway. The drone's propulsion system, typically an electric
motor, powers a propeller or a jet engine to create thrust. Forces acting on the fixed-
wing drone is shown in Figure 3.5.
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t

Lift

€= Drag \L_a' = Thrust mp

~ O
Gravity @
g
2

NS

Figure 3.5: Forces Acting on Fixed-wing Drone '0'

Lift and Control: Once the drone is flying, the wings generate lift@s air passes over
them. This lift is created due to the shape of the wings and th%Qngle of attack (the
angle between the wing's chord line and the oncoming airflo @y adjusting the angle
of attack and the throttle, the drone maintains a desired ¥ltitude and speed.

O
Control Surfaces: Fixed-wing drones have control%faces that allow for precise
control and manoeuvrability. These surfaces inch@ the following:

e Ailerons: It is located on the trailing ed@the wings. Ailerons control roll by
raising or lowering one wingtip relative'{ the other. When one aileron goes up
and the other goes down, the drone from left or right.

e Elevator: They are positioned 0@& tail or rear section of the drone. The elevator
controls pitch. By adjusting tlfe elevator control to raise or lower the angle of the
drones nose results in upw%d r downward orientation, leading to ascending or
descending motion. X

the rudder move or right, the drone's nose rotates in that direction, allowing

¢ Rudder: Located ?gc{h vertical stabilizer (tail fin), the rudder controls yaw. When
it to turn hori ally.

e Navigatign,and Control: Fixed-wing drones are equipped with an onboard flight
contr hat receives input from various sensors, such as accelerometers,
gyr@ es, and GPS. The flight controller processes this information and adjusts

ontrol surfaces and throttle to maintain stability, follow a flight path, or

Q%ecute specific flight commands.

e Landing: When it is time to land, the drone reduces throttle and descends
gradually. The pilot controls the pitch, roll, and yaw to ensure a smooth descent.
Upon reaching the ground, the drone slows down and comes to a complete stop.
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Figure 3.6: Three Axis of Flight: Roll, Yaw and Pitch @b’
It is important to note that the specifics of operation may vary depending on th ne
model and its features. Additionally, autonomous fixed-wing drones can p pre-
programmed missions or operate with advanced navigation systems, %@)Wlng for
more complex operations and longer flights. Q’Q'

3.3 Advantages and Disadvantages of Fixed-wing Drone '\Q

Fixed-wing drones offer several advantages and disadv¥qtages compared to other
types of drones like multirotors. Following are so% the key advantages and
disadvantages of fixed-wing drones: @

Advantages

Longer Flight Time: Fixed-wing drones ty Xlly have a longer flight time compared
to multirotor drones. Their aerodynami ign allows them to glide through the air
with minimal power consumption, e ng extended missions and coverage of larger
areas.

Increased Payload Capacityy &d—wing drones can carry larger payloads due to
their design and efficient.lX{ Weneration. This makes them suitable for applications
that require heavier e%l ent or sensors, such as aerial mapping, surveying, or

cargo delivery. &

Enhanced Effi ‘Scy Fixed-wing drones are more efficient in terms of energy
consumpti coverage. Their ability to fly at higher speeds and cover long
distances %@tralght line allows for faster data collection or monitoring operations
compar multirotor.

Im ed Stability in Windy Conditions: Fixed-wing drones generally handle

conditions better than multirotor. The fixed-wing design provides more
shability and resistance to wind gusts, making them suitable for operations in more
challenging weather conditions.

Longer Range and Coverage: Due to their efficient flight characteristics, fixed-wing
drones are well-suited for applications requiring extensive area coverage, such as
aerial surveys, agriculture, and infrastructure inspections.
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Disadvantages

Limited Manoeuvrability: Fixed-wing drones have limited manoeuvrability
compared to multirotors. They require more space for take-off and landing and
cannot hover or fly in a stationary position. This can be a disadvantage in scenarios
where precise positioning or hovering is necessary.

Increased Take-off and Landing Requirements: Fixed-wing drones typically require
a runway or larger open space for take-off and landing due to their forward motion
requirements. This can limit their usability in areas with limited space, such as urb%,
environments. @

Complex Operation: Flying a fixed-wing drone requires more skill and e\ihégnce
compared to multirotor drones. '\Q

Limited Vertical Coverage: Fixed-wing drones are not well-s for vertical
inspections or operations that require close proximity to structurgg or objects. Their
forward flight motion restricts their ability to capture detail&Qiata from directly
above or at low altitudes. \,,O

pre-flight checks, and setup compared to ready-to-fl tirotor drones. This can be

Longer Setup Time: Fixed-wing drones generally re§ s more time for assembly,
a problem if quick deployment or rapid response @eeded.

As we have learned about the fixed-wing drope@eration in detail, in the next session
you will learn about the multirotor drone ese drones facilitate responsible and
effective use of technology across variou&t@;lds, promotes safety and compliance with
regulations, and enables individuals¢a@¥ organizations to harness the full potential
of drones for a wide range of applicayons.

S

Activity 1: Intction to basic aerodynamic principles through a hands-on activity
using pal;g@planes.

Materj quired:
andard-sized paper sheets

Q@edure:

e Create your own paper airplanes using standard-sized sheets of paper.
Experiment with different folding techniques to create airplanes with varied
wing shapes and sizes as shown below:
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Creating Basic Dart:

Fold the paper in half lengthwise. @

Fold the top edges down to the centre c, XSe, creating a triangular shape.

Fold the resulting triangle in half alo, ﬁe original centre crease.

Form wings by folding down the t%@dges again, aligning them with the bottom

edge of the plane. Q

Before launching the paper anes, predict how different wing designs might
affect the flight, conside feitors like lift and stability.

v' Launch your paper @ es in an open area. Observe how each design
behaves during fli djust the wing shape or other elements and note the

changes in ﬂigh;cé%;cteristics.

AN NN

AN

Share the observatiq%s and insights regarding which designs flew better or had more

stable flight. Q’g

Activity 2: sp the advantages and disadvantages of fixed-wing drones through a

simple @Q isual activity.
M@als Needed:
Q Blank chart

e Coloured pens

e Ruler
e Larger sheet of paper
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Procedure:

e Take a blank chart or a sheet of paper divided into two columns: "Advantages"
and "Disadvantages."

e Individually brainstorm and list as many advantages and disadvantages of
fixed-wing drones as you can think of. For example, consider factors like flight
time, efficiency, and applications.

e Pair up with other students to share the lists and discuss the reasons behind
each point.

e Form small groups and compile a master list on a larger sheet of T,
combining the advantages and disadvantages identified by each memigsy>

Open the floor for a brief class discussion. Let each group share one acﬁ@l\age and
one disadvantage from their compiled list. Q

Check Your Progress

A. Multiple Choice Questions %O

1. Which of the following best describes thegoncept of aerodynamics?
(a) The study of how objects move th water.
(b) The study of how objects genera@'ﬁfift and drag in the air.
(c) The study of how objects flo d sink in liquids.
(d) The study of how objects ate sound waves.

2. Which of the following s@%nents best describes a fixed-wing drone?
(a) A drone with multiglp rotors that can hover in place.
(b) A drone that h fixed, non-moving wing for lift.
(c) A drone spe&@ally designed for underwater operations.
(d) A drone Wi‘@, etractable landing gear for vertical take-off and landing.

$
3. Whic @e following is an advantage of fixed-wing drones?
(a)% al take-off and landing capabilities.
N ility to hover in one place.
Longer flight endurance and range.
Q@ d) Higher manoeuvrability in tight spaces.

4. Which flight control surface is responsible for controlling the roll of a drone?
a) Elevator
b) Rudder
c) Aileron
d) Flap

5. Which of the following factors affects the stability of a drone during flight?
a) Wing shape
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b) Control surface position
c) Weight distribution
d) All of the above

o

During take-off, what is the primary source of lift for a drone?
(a) Engine thrust
(b) Aerofoil shape
(c) Control surfaces
(d) Ground effect b,
<
7. How does a drone generate lift during flight? . éo'
(a) By changing the angle of attack of the wings D
(b) By increasing engine power 0'\'0
(c) By adjusting the control surfaces Q
(d) By utilising ground effect <
8. Which control surface is primarily responsible for &@thlling the roll of a
drone? X,
(a) Rudder @)
(b) Aileron %
(c) Elevator @
(

d) Flap (b\'

O

N
. What is ground effect in relation t{d ne flight?
(a) The effect of wind turbule G{Dear the ground
(b) The increased lift and re d drag experienced when flying close to the
ground %
(c) The interference Z&@?{ y nearby obstacles

(d) The impact of t th's magnetic field on the drone's sensors

10.What is the pu e of the throttle control on a drone?
(a) To adjus & pitch angle of the drone
(b) To co@)&the speed and altitude of the drone
() T itiate take-off and landing
(d@ ntrol the yaw of the drone

w does a drone perform a controlled landing?
a) By adjusting the throttle to decrease altitude gradually
b) By activating the parachute system
c) By using the control surfaces to reduce airspeed and descend
d) By relying on the ground effect to cushion the landing

e

—_— =~ —

12.Which factor primarily determines the ideal take-off and landing area for a
drone?
(a) Availability of power supply
(b) Surface conditions and obstacles
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(c) Wind direction and speed
(d) Daylight conditions

Session 3: Operation of Multirotor Drone

A multirotor drone functions by utilising multiple rotors, usually two or more, to
attain controlled flight. These drones often referred to as quadcopters, hexacopt

or octocopters based on the number of rotors they possess, employ a princi at
involves adjusting the speeds of these rotors to manoeuvre in various dire n@ The
following is an overview of how a multirotor drone operates: 9\

S
1. Lift and Thrust: The lift and thrust required for multirotor dro g;e achieved
by modifying the rotational speed of their rotors. Elevatin%t e rotor speed
generates more thrust, counteracting gravity and enabling'\@ drone to ascend.
Conversely, reducing the rotor speed lessens thrust, 1 g to a descent. The
combined output of all rotors determines the drone's Kyer 11 lift capability.

2. Pitch, Roll, and Yaw: Multirotor drones accompiehicontrolled movement along
three key axes: pitch, roll, and yaw. @

e Pitch: The drone tilts forward or .b:lié\’;ward around its lateral axis (an
imaginary line from wingtip to wingtgyto manage pitch. This change affects
the drone's angle of attack and inﬂ?&nces forward or backward motion.

¢ Roll: By tilting left or right a@&}ts longitudinal axis (an imaginary line from
the front to the back), the drofie controls roll. This action allows the drone to
bank and execute coord%a d turns.

e Yaw: Rotating clo gor counter clockwise around its vertical axis manages
yaw. This rotatis){i justs the drone's direction or heading.

3. Flight Control i ultirotor Drones

Flight contr i&ritical aspect of multirotor drone operation, ensuring stable and
precise m &ént. The flight control system integrates several components and
technoti(;s to manage the drone's orientation, position, and movement. Here is an
in-d xplanation of how flight control works in multirotor drones:

Q%ponents of Flight Control Systems

1. Flight Controller:

o The central unit of the flight control system, the flight controller,
processes inputs from various sensors and adjusts rotor speeds to
control the drone's movement.

o It executes complex algorithms to ensure stable flight and precise
maneuverability.
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2. Inertial Measurement Unit (IMU):
o The IMU includes accelerometers and gyroscopes that measure the
drone's acceleration and angular velocity along different axes.
o It provides real-time data on the drone's orientation (pitch, roll, and
yaw) and motion, which is essential for maintaining stability.
3. GPS Receiver:
o GPS receivers provide positional data, enabling the drone to know it%
exact location and altitude. <
o This information is crucial for tasks like waypoint navigation, r &1—
to-home functions, and maintaining a stable hover in GPS—aéQs%ed
flight modes. '\O
4. Magnetometer:
o A magnetometer, or digital compass, helps the dronc@e ermine its
heading (direction) relative to Earth's magnetic ﬁét@
o This sensor is essential for accurate navigatio&@ld maintaining the
desired flight path.

X
O
How Flight Control Systems Work

1. Sensor Data Collection: \
o The IMU, GPS receiver, and m3 tometer continuously collect data
on the drone's orientation, ion, and movement.
o This data is sent to the @@ontroller for processing.
2. Data Processing and Algori
o The flight controlleg4is€s sophisticated algorithms to interpret the
sensor data. %
o It calculates t%}(ecessary adjustments to rotor speeds to achieve
stable ﬂigh@} desired movements.
3. Rotor Speed K@ustment:
o Baseio@r the processed data, the flight controller sends commands to
e tor to adjust their speeds.
o @c easing the speed of specific rotors while decreasing others can
ange the drone's pitch, roll, and yaw.
4. intaining Stability:
@ o The IMU continuously provides feedback on the drone's orientation.
@ o The flight controller makes real-time adjustments to the rotor speeds
to counteract disturbances (e.g., wind) and maintain a stable hover.
5. Executing Movements:

o Pitch Control: To move forward or backward, the flight controller
increases the speed of the rear rotors and decreases the speed of the
front rotors (for forward movement), or vice versa (for backward
movement).

o Roll Control: To move left or right, the flight controller increases the
speed of the rotors on one side and decreases the speed on the
opposite side.
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o

Yaw Control: To rotate (yaw) the drone, the flight controller adjusts

the rotational speed of the rotors in a way that creates a torque
around the vertical axis.

Advanced Flight Modes

1. Manual Mode:

o Pilots have direct control over the drone's pitch, roll, yaw, and throttle

Requires skill and experience, as the pilot must manually compensa
for external disturbances. <
2. Altitude Hold Mode:

>

o The flight controller maintains a constant altitude by adjust'ﬁ{%%e
throttle based on data from the barometer and IMU.

o Pilots only need to control the horizontal movement (th\:)foll, and
yaw).

3. GPS-Assisted Mode: 6

o The flight controller uses GPS data to maintain @stable hover and
accurate positioning.

(@]

o Useful for tasks requiring precise locati

i @Jch as aerial photography
and mapping. %
4. Return-to-Home (RTH):
o When activated, the drone auto
using GPS coordinates.

o Ensures safe return in casg @S’ ignal loss or low battery.
S. Waypoint Navigation:

o The flight controller
multiple waypoints

o Ideal for automat%%xissions, such as surveying and inspection.

Importance of Flight Con %ystems

n;%cally returns to its takeoff point

fa@vs a pre-programmed flight path with

o Safety and b111ty Ensures stable and predictable flight, reducing the
risk of ¢ s and damage.

. Ease Use: Advanced flight modes simplify control, making drones

e to both beginners and professionals.
‘bglsmn and Accuracy: Critical for applications requiring exact positioning
d movement, such as aerial mapping and photography.

@ Adaptability: Capable of handling various flight conditions and tasks,
enhancing the versatility of multirotor drones.

4. Stability and Flight Modes: Sustaining stability is vital for safe flight. Multirotor
drones employ advanced stabilization algorithms and sensors to counter external
disturbances and maintain level flight. Certain drones offer diverse flight modes

including manual, altitude hold, and GPS-assisted modes, aiding pilots in
sustaining stable flight across varying conditions.
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Multi-rotor drones operate by manipulating rotor speed, attain lift, thrust, and
controlled motion in different directions. Advanced flight control systems and
stabilization mechanisms ensure stability, while on-board sensors supply crucial
data for orientation and positioning. This technological framework empowers
multirotor drones to cater to a wide array of applications ranging from aerial
photography and surveillance to search and rescue missions, and recreational flying.

Advantages of Multirotor Drone

Multi-rotor drones offer a range of advantages that have contributed to t@
widespread adoption across various applications. Some key benefits of m N@Q or
drones include: %@

1. Vertical Take-off and Landing (VTOL): Multirotor drones are CQ;@&E: of taking
off and landing vertically, eliminating the need for a runway$Yer specialised
infrastructure. This VTOL ability allows them to operate effeg@@ly in tight spaces
and locations with limited accessibility.

xO

2. Hovering Capability: Multirotor drones can hover i X fixed position, providing
stable platforms for tasks requiring steady and pr @positioning. This feature is
particularly advantageous for activities like ae@ otography, surveillance, and

inspections. \
N

3. Manoeuvrability: The multirotor jgn grants these drones exceptional
manoeuvring capabilities enabling th¥i to execute rapid changes in direction and
navigate through complex envir, nts. This agility is particularly valuable for

tasks like search and rescue %is toNns.

4. Stability: Multirotor dro@s inherently offer stability due to their design and
sophisticated flight c 1 systems. This stability enhances their suitability for
tasks that deman*{{i}g -quality imagery and data collection.

S. Simplicity 'gﬁesign and Maintenance: Multirotor drones possess relatively
straightforwah designs, making them easier to manufacture, operate, and

maint% pared to more complex aircraft. This simplicity translates to quicker
set@ es and reduced maintenance efforts.

6.%%L;ise Positioning: Multirotor drones excel in precise positioning within three-
mensional space, a critical feature for activities such as 3D mapping, geo-
referencing, and inspections of intricate structures.

7. Versatility: The adaptable nature of multirotor drones allows for the integration
of various payloads, such as advanced cameras, LiDAR sensors, and thermal
imaging equipment. This versatility enables them to fulfill a broad spectrum of
roles across industries ranging from agriculture to environmental monitoring.
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8. Ease of Transportation: Multirotor drones are compact and portable, facilitating
convenient transportation to remote or challenging locations. This mobility is
especially valuable for tasks conducted in the field.

9. Accessibility: Multirotor drones cater to a diverse user base, including both
professionals and enthusiasts. Their availability in different sizes and price ranges
accommodates various skill levels and budgets.

The advantages inherent to multirotor drones — like VTOL capability, hoveri

capacity, manoeuvrability, stability, and adaptability — render them indispen e

tools for a many of applications that require precise and dynamic aerial opgr@ﬂs
NS

Disadvantages of Multirotor Drone 0'

While multirotor drones offer numerous advantages, they also e with specific
disadvantages that need to be carefully considered when sele‘t@lg the appropriate
drone for a particular task. \,,O

1. Limited Flight Time: Multirotor drones generall @SIJC shorter flight durations
compared to fixed-wing drones. This limitation ¥ due to the constant energy
required to maintain flight and hover, makin em less suitable for tasks that
demand extended coverage over large ar?alﬁ\'

N
2. Reduced Speed and Efficiency: @ltirotor drones typically have lower
maximum speeds compared to, ﬂgéa—wing aircraft. Their design requires a
significant amount of energy tv%(erate lift which can result in less efficient use
of power and reduced overzgl%ig t speed.

3. Payload Capacity: W i(e%ultirotor drones have made improvements in payload
capacity, still they ar€ generally limited in the amount of weight they can carry.
This can restrict types of sensors, cameras, and equipment that can be
deployed, espe&ﬂty for tasks that require heavier payloads.

4. Noise 1:" Multirotor drones produce more noise compared to fixed-wing
dron e to the nature of their rotor design. This can be a concern in noise-
sepSifive areas and environments where quiet operation is essential.

%%ght Efficiency: The hovering capability of multirotor drones consumes
significant energy, resulting in less efficient flight compared to fixed-wing drones.
This inefficiency limits their coverage area and flight distance.

6. Complex Flight Modes: While multirotor drones are relatively easy to operate in
basic flight modes, advanced manoeuvres may require more skill and experience.
This can pose challenges for users who require intricate flight patterns or specific
mission profiles.
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7. Inefficient for Long-Distance Missions: Due to their limited flight time and
lower speeds, multirotor drones are less suited for missions that involve covering
extensive distances such as large-scale mapping projects or long-range surveys.

8. Battery Limitations: Multirotor drones rely on batteries for power and battery
technology can limit both flight time and overall lifespan. Battery degradation
overtime can affect flight performance and longevity.

9. Vulnerability in Extreme Conditions: Multirotor drones may struggle
operate effectively in extreme weather conditions, such as heavy rain, strgng
winds, or extreme temperatures. Their exposed design can make th.el% ore
susceptible to damage under adverse conditions. “&

Ny

Activity 1: Awareness campaigns are strategic effortg dsigned to inform, educate,
and raise awareness among a specific target audiegCe about a particular issue,
cause, or message. These campaigns aim to bri ttention to an important topic,
stimulate public interest, and influence behav%ur or attitudes. Imagine a scenario,
where you are a drone operator who is t 5 with conducting public awareness
campaigns about the environmental imR{'@ f drone usage and promote responsible
and sustainable drone operation. &@actions or steps you will take to generate

public awareness?

Check Your Progress

Sy
1. Which fe Sof multirotor drones allows them to perform stable aerial
photO@h and surveillance tasks?

ngh—speed flight
Hovering Capability

% c) Long flight time
(d) Reduced noise level

2. What disadvantage of multirotor drones makes them less suitable for
long-distance missions?

a) Complex Flight Modes
b) High noise level

c) Limited Flight Time

d) Precise Positioning

—_— o~ — —
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3. How do multirotor drones achieve controlled movement along the pitch
axis?

(a) By rotating clockwise or counter clockwise around its vertical axis.
(b) By tilting forward or backward around its lateral axis.

(c) By tilting left or right around its longitudinal axis.
(d) By adjusting the height of the drone.

4. Which of the following is a key advantage of multirotor drones related €o
their maneuvering capabilities? "
N4

(a) Reduced speed and efficiency 0
(b) Limited payload capacity Q

(c) Ability to execute rapid changes in direction <

(d) Higher noise levels ‘\Q

O

S. Why are multirotor drones considered easier to traKst rt to remote

locations? Q)
(a) They have long flight times. %

(b) They have vertical takeoff and landin c@bility.
(c) They are compact and portable. 5
(d) They have high payload capacitieg\’

x&
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Module 4 Flight Simulator Training

Module Overview

A flight simulator is a training device or software that replicates the experien@%

flying an aircraft. It is designed to provide a realistic simulation of the gireraft's
controls, behaviour, and the environment in which it operates. Flight si ors are
used for various purposes, including pilot training, aircraft design an ting, and
entertainment. Q

Flight simulators are widely used in aviation training program‘&@r different types of
aircraft, ranging from small general aviation planes to large c@qmercial airliners and
military jets. They play a crucial role in enhancing pilot prelﬁ'lency, reducing training
costs, and ensuring safety in aviation operations. @)

Flight simulator training is comparable to learning hdy to drive a car on a simulator
or playing a car racing game on a gaming cons@ When acquiring the skill of car
driving, individuals typically start by enrolling '}\driving schools, where they undergo
initial training. Some car manufacturers als °$vide instruction based on simulators,
guided by a trainer. Simulators recreate glPjlie essential elements present in a virtual
environment, allowing individuals iliarize themselves with the workings of
driving a car in a lifelike setting. @

In this module, you will learn a&t the different types of simulators, flight simulator
training, emergencies scen@ in drone simulation, and advantages of drone flight

simulator.
QL
0

Q

)

After corr%?h{g this module, you will be able to:

&scribe the various types of simulators;

Q e Explain the purpose and benefits of flight simulator;

Learning Outcomes

o Demonstrate the knowledge of the basic controls, interface, and functionalities
of drone simulators;
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Module Structure

Session 1: Introduction to Flight Simulator Training

Session 2: Demo Flight Simulator

Session 1: Introduction to Flight Simulator Training

A drone flight simulator is a computer-based software designed to replic’é@' the
experience of flying a drone in real life. In a flight simulator, one uses a sgtitroller
connected to the computer in order to control the drone on-screen. In m ases, one
can run a flight simulator on a Mac or PC, although in some cas Qé can use a
tablet or smartphone for their flight simulation. Most flight simulgtods will allow the
user to select the type of drone they are simulating, and choos@%fght modes based
on the skills they want to develop.

&
©

Types of Simulators

O

There are different types of simulators available ?rone training and simulation,
each offering unique features and capabilities. S@e following are some common types
of simulators for drones: "'.\,

Software-based Simulators: These )%xqunulators are computer programs or
applications that run on a comﬁ@' or mobile device. They provide a virtual
environment for drone flight training and simulation. These simulators often offer
realistic flight dynamics, accur; a%:ontrol systems, and various scenarios to practice
different manoeuvres. Soff w@e—based simulators can be used with different input
devices, such as radio t'%'mitters, gamepad controllers, or keyboard and mouse

setups. U

 ARUNNA
\LRUNNA
N BENER
tor NB

Figure 4.1: Software-based simulator
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Hardware-integrated Simulators: These simulators combine software-based
simulation with physical hardware components such as specialised controller
interfaces or cockpit setups. These simulators offer a more immersive experience by
incorporating dedicated controllers that closely resemble the controls of the actual
drone being simulated. They can include features like joystick controllers, throttle
levers, and instrument panels, enhancing the realism and providing a more physical
experience for training.

% M
Figure 4.@§;rdware-lntegrated Simulators

X
Full-scale Simulatogs: %ese advanced and highly immersive training systems
replicate the entire %ne cockpit. They consist of a physical mock-up of the drone's
cockpit includi eat, control panels, and displays. Full-scale simulators provide
a highly realjstiyfraining environment often used for professional and commercial
drone pilo @ining. They offer a comprehensive experience with accurate flight
dynamio&' strument displays, and realistic control systems.

Vi Reality (VR) Simulators: These simulators use VR technology to create an

%rsive and interactive training experience. Pilots wear a VR headset that places
t?em in a virtual environment where they can see the drone's perspective and control
it using VR controllers or specialised flight control interfaces. VR simulators provide
a highly immersive and realistic experience, allowing pilots to practice flying and
manoeuvring in a three-dimensional virtual world.

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL



Kisan Drone Operator - Grade XI
i‘ J‘h?‘A

Figure 4.3: Virtual Reality Simulator '\‘¢\'

Augmented Reality (AR) Simulators: These combine virtual eleme&s with the real-
world environment. Pilots use a mobile device or specialised AR ses that overlay
virtual drone models and flight information onto the real-world\Wlew. AR simulators
enable pilots to practice flying drones in their actual surrou Qgs while incorporating
virtual flight dynamics and controls. They can be useful ¥t both indoor and outdoor
training scenarios.

Fi .4: Augmented Reality (AR) Simulators

Each type of s QZ&tor offers its own advantages and level of realism, catering to
different traj eeds and budgets. The choice of simulator depends on factors such
as the pil i1l level, training objectives, available equipment, and desired level of
immer@gand realism.

aﬁ:?simulator training

Flight simulator training provides an opportunity for pilots, both beginners and
experienced, to practice and improve their flying skills without the risk of damaging
the actual drone or causing harm to people or property. Flight simulator training can
be undertaken using a flight simulator drone, which is a virtual training tool that
replicates the experience of flying a drone in a realistic and controlled environment.
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The following is an introduction to the key aspects of a drone flight simulator:

e Virtual Environment: A drone flight simulator creates a virtual environment that
mimics real-world scenarios that include landscapes, terrain, and weather
conditions. This allows pilots to simulate flights in various settings such as urban
areas, the countryside, or specific locations of interest. The virtual environment
can be highly detailed offering a realistic and immersive experience.

e Flight Dynamics and Realistic Controls: Flight simulators accurately replic
the flight, dynamics of different drone models. The simulator models the ics
of drone flight, which includes factors such as aerodynamics, gravity, wiangdy and
inertia. Pilots can control the simulated drone using realistic input de '\e's, such
as radio transmitters, gamepad controllers, or even speciali&mulator
controllers that closely resemble the actual drone's controls.

e Training and Skill Development: Flight simulators are vall}@le training tools for
both beginners and experienced drone pilots. Beginnex @ learn the basics of
drone flight including take-off, landing, throttle oq.ptrol, manoeuvring, and
navigation, in a safe and controlled environme @Xperienced pilots can use
simulators to enhance their skills, practice advancsd manoeuvres and refine their
piloting techniques. \'@

e Scenario-based Training: Drone flig imulators often include predefined
training scenarios or missions that)@bts can undertake. These scenarios can
simulate specific tasks or challengé@~such as search and rescue missions, aerial
photography, or inspection o&ctures. Pilots can practice executing these
scenarios, improving their %’s%tional awareness, decision-making, and problem-

solving skills.
>

¢ Risk-free Training: & of the significant advantages of using a flight simulator
is that it elimina é(’he risk of damaging the drone or causing accidents during
training sessips¥ Pilots can freely experiment, make mistakes, and learn from
them withoéhe fear of crashes or costly repairs. This risk-free environment
prom(it&@arning and builds confidence in piloting skills.

o Pe@&mance Analysis and Feedback: Flight simulators often provide

ormance analysis and feedback mechanisms to help pilots assess their flying

ills. They may offer data on flight metrics such as altitude, speed, and battery

Q usage. Some simulators also provide visual indicators or overlays to indicate the

drone's orientation, flight path, and other important parameters. This feedback

enables pilots to analyse their performance, identify areas for improvement, and
track progress over time.

Using a drone flight simulator one can significantly enhance their competence,
confidence, and overall flying skills. It serves as a valuable tool for learning, training,
and practicing various flight scenarios in a safe and controlled virtual environment.
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Flight simulator training provides a safe and cost-effective way for students to practice
and improve their piloting skills without the risk of damaging real aircraft. The
following are some practical scenarios that a flight simulator trainer must know:

e Basic flight controls: It is crucial to understand about the basic flight controls,
including pitch, roll, and yaw, for maintaining level flight, making coordinated
turns, and controlling the aircraft's attitude.

o Take-off and landing: The flight simulator trainers should practice proper take-
techniques, maintaining appropriate airspeed, and executing smooth la% S.

%

They can also practice simulated crosswind landings to develop their s in
handling challenging wind conditions. \\'

e Instrument flying: Instrument flying should be done using th '\Qmulator's
instrument panel. It results in maintaining aircraft control sole %eference to
the instruments, including altitude and heading. '\06

Emergency scenarios procedures \,,O

It is very important to simulate various emergency soefdrios in the simulator, such
as engine failure, electrical system malfunction, or loss of control. This will result in
responding to emergencies by following proper{({pyocedures, troubleshooting, and
making critical decisions. Flight simulator ‘.cr?g}jng allows trainers to gain valuable
flight experience, develop their piloting sl;%g,, and improve their ability to handle
different flight situations. It is important @ ’provide proper guidance and debriefing
after each exercise to help trainees n@z e their performance and identify areas for

improvement.

e Cross-country navigation,; éﬁlp simulated cross-country drone flights to follow
a designated flight ro sing navigation aids such as GPS. Tracking courses,
making position re{(%, and adjusting navigation instruments can be practiced.

e Instrument a @%Ches: Simulate instrument approaches, such as ILS
(Instrume %lding System) or Very High-Frequency Omni-Directional Range
(VOR) approaches. In this flying, following glide slope or localizer indications, and
exec@@ stabilized approach to a simulated landing can be learned.

. er conditions: Adjust the simulator's weather settings to simulate different

ther conditions, including rain, fog, or wind. With this, flying in challenging

Q eather and learning to adjust their flying techniques accordingly can be
established.

e Aircraft system simulations: Familiarize trainers with the simulated aircraft's
systems, such as fuel management, electrical systems, or autopilot functions.
They can practice managing these systems and troubleshooting any anomalies
that may occur.
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e Crosswind landings: Create scenarios with crosswind conditions and have
trainers practice crosswind landings. They can learn to use appropriate control
inputs to counteract the crosswind and safely land the drone.

e Flight scenario simulations: Create realistic flight scenarios, such as traffic
pattern operations, aerial photography missions, or simulated emergencies.
Trainers can apply their knowledge and skills to these scenarios, enhancing thé

decision-making and situational awareness. \Q@
\",\9
DID YOU KNOW? O

. Advanced drone flight simulators use realistic physics engi go simulate the
flight characteristics of real drones. This includes factof&e aerodynamics,
wind effects, and the impact of different payloads on the@rone's performance.

o Simulators provide a safe environment for traiger¥ to practice handling
emergencies, such as motor failures, unexpe%&
malfunctions.

. Many simulators offer multiplayer function@r, allowing multiple users to fly
together in the same virtual environment.(b\'

ind gusts, or equipment

Activity 1: Imagine a scenari&re you are given a task to practice flying a drone
using a flight simulator. Ar able to identify the basic operating features of a drone
flight simulator? Write d@l the functions of the simulator’s controls, flight modes,
and settings. For exa@ﬁ,

o

* Throttle: @gf'ols the drone’s altitude or vertical movement.
* Yaw: RgtateS the drone horizontally.

* Pitch: s the drone forward or backward.

* ReiINTilts the drone to the left or right.

° Controls: Fine-tune the drone’s stability and balance.

u can take the help of a search engine or an App on your computer or mobile to
learn about other aspects related to functions of the simulator’s controls, flight modes,
and settings.

Activity 2: Develop hand-eye coordination and precision skills in navigating a drone
through a simulated obstacle course. You will be learning drone navigation skills in a
simulated environment. Emphasize the importance of hand-eye coordination and
precision in controlling the drone.
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Materials Needed:

e Circular ring of 2-meters diameter
e Markers

e Tape

e Flight simulator

Procedure:
e Set-up a circular obstacle course with a diameter of around 2 meters usméb,

markers or tape on the floor.

e Use a drone flight simulator or a virtual drone app that allow you to.R$ ice
navigating through obstacles.

e Navigate the drone through the circular obstacle course usin imulator.
Practice and observe precision movements and stabilization.§

e Introduce challenge tasks within the obstacle course, such@s hovering at
specific points, navigating through tight spaces, or perforing gentle turns.
This adds complexity and encourages precise controk}

e While you will be navigating the drone, your frie
notes on successful techniques or challenges

e Imply rotation of participants to provide ev,
navigate the drone through the obstacl @e

e At last, discuss the importance of ha c%e coordination in drone navigation
and share insights gained during t %actlce

an observe and take

articipant the opportunity to

Experience and share any 1mprove (Q'you observed in your skills. Summarize the
key points of the activity, emph the connection between hand-eye

coordination and precision dro@ ontrol

>

Check Your Progress

A. Multiple Chdjde Questions

1. What@ne major advantage of using a drone flight simulator for training?
(a) It eliminates the need for any real-world flying experience.
@ (b) It provides risk-free training without the fear of crashes or costly
Q% repairs.
(c) It requires expensive hardware to start training.
(d) It does not offer realistic flight dynamics.

2. Which type of simulator combines software-based simulation with physical
hardware components to enhance realism?
(a) Software-based Simulators
(b) Virtual Reality (VR) Simulators
() Augmented Reality (AR) Simulators
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(d) Hardware-integrated Simulators

3. How can a drone flight simulator help pilots improve their skills in handling
challenging weather conditions?

(a) By automatically controlling the drone during adverse weather
conditions.

(b) By allowing pilots to adjust the simulator's weather settings to simulate
different weather conditions.

(c) By eliminating the effect of weather conditions in simulations.

(d) By providing pre-recorded videos of flights in different V%@GI‘

conditions.
E
4. Which of the following scenarios can be practiced using a drone fligh Xahulator to
improve situational awareness and decision-making? Q

(a) Watching tutorials on drone maintenance.
(b) Practicing advanced maneuvers in a risk-free é@uonment.
() Reading manuals on drone operation. \,,O
(d) Visiting drone manufacturing plants. X,
O
5. What key feature of flight simulators aids pilots itNunderstanding and managing
various flight conditions?
(a) Instrument flying and scena %based training.
(b) Automatic control of the d,%&’ by the simulator.
(c) Pre-set programming tk@l mits user control.
(d) Real-time video feed f#un an actual drone.

Session 2: Demo Flight Simulator

To learn how to fly a e one has to firstly learn drone flying in the simulator. There
are numerous ady, %ages of learning the mechanism of flying a drone simulator.
There are vari ieps for demo flight in simulator but the specific steps may vary
depending simulator software we are using. The following is a general outline
for a de 9%2: in the simulator:

o )@;‘h the Simulator: Start the drone flight simulator software on your

puter or mobile device. Ensure that your input device, such as a radio

transmitter or gamepad controller, is properly connected and recognised by the
simulator.

e Select Drone Model and Environment: Choose the drone model you want to fly
from the available options in the simulator. Then, select the desired virtual
environment or scenario in which you want to conduct your demo flight. This
could be an open field, a cityscape, or any other simulated location.
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e Take-off Preparation: Position your drone in the simulator to start from the
ground. Ensure that the drone is facing a clear and open space, free from
obstacles. If the simulator allows manual control of the drone's settings then
adjust parameters such as throttle, gyro sensitivity, and control rates according
to your preference.

e Perform Pre-flight Checks: Before take-off, conduct a virtual pre-flight check
similar to what you would do in real-world drone operations. This may include
checking the battery level, confirming GPS signal (if applicable), and inspe&
the simulated drone for any visible issues. %Q'

o Take-off: Gradually increase the throttle or push the corresponding \{rol stick
on your input device to initiate the take-off. Maintain a steady t until the
drone reaches a safe altitude. o

e Basic Flight Manoeuvres: Once flying, practice basic ﬂigh‘?Qanoeuvres such as
hovering, forward flight, turning, and ascending/des ing. Use the control
inputs from your input device to adjust throttle, pitchXoll, and yaw to control the
drone's movement. Take your time to get com%bble with the controls and
maintain a smooth and controlled flight. @

o Explore Different Flight Modes: Some, '\ulators offer different flight modes,
such as stabilized mode, macro mode oY autonomous mode. Experiment with
these modes to understand thei& fects on the drone's behaviour and
responsiveness. Q-

e Land the Drone: When y u?re ready to end the flight, prepare for landing.
Gradually reduce the thr b’ r use the corresponding control input to descend
the drone. The objectj ould imply a smooth and controlled landing, avoiding
any abrupt movemen

e Post-flight Ar,g?&is: After landing, take some time to review your flight
performanc e simulators provide flight data and analysis, including metrics
like flighgfimé, maximum altitude, and speed. Use this information to assess your
perfo@n e, identify areas for improvement, and track your progress over time.

Thi Qa general outline of the steps involved in a demo flight in a drone flight

tor. The actual process may vary depending on the specific simulator software

t is being used. It is recommended to consult the simulator's user manual or

tutorial resources for detailed instructions and guidance on operating the simulator
effectively.

Advantages of Drone Flight Simulator

There are several compelling advantages to using a drone flight simulator for training
and practice. The following are some of the key benefits:
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e Skill Development: Drone flight simulators provide an effective platform for skill
development and improvement. Whether you are a beginner learning the basics or
an experienced pilot aiming to enhance your flying abilities, simulators offer a safe
and controlled environment to practice various manoeuvres, flight techniques,
and emergency procedures. Simulators allow you to refine your piloting skills
without the risk of damaging your drone or causing accidents.

e Risk-Free Training: Using a drone flight simulator eliminates the risks associa
with real-world flights. Crashes and accidents can be costly, both in termg,of
repairs and potential harm to people or property. Simulators offer a riSk?free
training environment where you can freely experiment, learn from mi y s, and
gain confidence in your piloting abilities. This allows you to pus&‘@ur limits,
explore different flight scenarios, and build a solid foundation kills before
transitioning to real flights. 4

e Cost Savings: Drone flight simulators can save moneBO'n several ways. The
expenses of repairing or replacing damaged drones resuﬁing from crashes during
training can be avoided. Moreover, simulators elimingte the need for additional
batteries and consumables, reducing operation sts. Furthermore, the travel
expenses and location rental fees can be saved @training in a virtual environment
from the comfort of your home or office. \'

e Scenario-based Training: Drone flight ulators often offer predefined training
scenarios or missions that simulatds€al-world situations. These scenarios can
include tasks such as search aw;@é;ue operations, aerial photography missions,
or inspection procedures. Engaging in scenario-based training helps you develop
critical thinking, decision- g skills, and situational awareness. It allows you
to practice specific tas challenges that you may encounter in actual flight

operations. %

e Weather and E g}ﬁment Simulation: Drone flight simulators typically allows
simulating ﬁ&;ent weather conditions and environmental factors. Flying in
varying wind\y€peeds, gusts, rain, or even low visibility conditions can also be
experie @ This can enable flying practice in adverse conditions without
exp &e the real drone to potential hazards. It also helps to understand how
d'élédnt weather elements affect the performance and control of the drone.

Q uipment Familiarization: Simulators can be particularly beneficial when a new

drone is acquired or upgraded. The simulators can allow familiarizing with the
new drone's flight characteristics, control systems, and features before flying it in
the real world. This familiarity minimises the learning curve and helps to adapt
with the new equipment quickly and efficiently.

Using a drone flight simulator offers a range of advantages, including skill
development, risk-free training, cost savings, scenario-based practice, weather
simulation, and equipment familiarization. For a recreational flyer or a professional

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL



Kisan Drone Operator - Grade XI

drone pilot, incorporating a simulator into the training routine can significantly
enhance the flying abilities and overall safety.

Activity 1: Imagine a scenario where you are engaged in flying a drone on a
simulator. Write the precautions and steps you would take to ensure a secure dro@v

flying operation on the simulator. The steps may include the following: \Q@
e Connecting the transmitter to the drone \3«6

e Practicing take-off and landing procedures 6’0

e Improving hovering skills Q

e Mastering drone rotation techniques. <

Activity 2: Learn about the impact of wind on drone flight ,{J@ simulate crashes to
understand handling techniques.

X
0
Procedure:

e Begin by discussing the influence of wind n@one flight and the importance of
understanding how to handle simulated ¢ es.
e One can take turns flying a drone in a %’ﬁxulated environment with varying wind

speeds. \JQJ
e Observe and experience how win éhécts the drone's stability and movement.

e Discuss ground effects and ho e proximity to the ground can impact drone
flight.

e Introduce a controlled si tion of drone crashes. Discuss the factors leading to
crashes, such as sud ind gusts or loss of control.

e Discuss how to {sn e simulated crashes effectively with the importance of
remaining calm,(& essing the situation, and taking corrective actions in the

simulator. '{,
Conduct gr@ Siscussions where students can share their thoughts on how wind
and groun&e ects influenced their drone flight. Also, discuss strategies for recovering
from sj ted crashes.

Check Your Progress

A. Multiple Choice Question
1. What is the purpose of demonstrating a demo flight in a drone simulator?
(a) To obtain a pilot's license

(b) To practice drone flying in a safe and controlled environment
(c) To perform aerial photography
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(d) To simulate real-life drone races

2. What is the first step before conducting a demo flight in a drone simulator?

(a) Choose the drone model to fly

(b) Check the weather conditions

(c) Connect the transmitter to the drone
(d) File a flight plan with authorities

3. What aspect of drone flying is typically practiced during a demo ﬂig{l&&y a
simulator? S

M

a) Taking aerial photographs

(

(b) Advanced aerial manoeuvres QO
(c) Safe take-off and landing 4

(d) Flying in restricted airspace '\Q

O
4. What is the primary advantage of using a drone s';qgél’ator for demo flights?

O

a) It allows you to fly drones without any restricNons
b) It provides a realistic experience of flying al drone

c) It is more affordable than flying real drz'}sﬁ:s

—_— o~ — —

d) It requires less practice and skill de ment

&
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Module 1: Introduction to Agriculture Practices

Session 1: Agricultural Practices

A. Multiple Choice Questions b’
1. (b) o
2. (d) \Q
3. (b) \'>‘"9
4. (b) O
5. (9 QQ'
6. (b)
7. (o) .\Q@
8. (¢ o

Session 2: Precision Agriculture: Concepts and Applioq‘g)i&o"ns

A. Multiple Choice Questions %
1. (a) ©
2. (b) . (b\"
3. (b) ,g\,
4. (b) x&
5. (¢ ®(b,
6. (b)
7. (b)

Session 3: Components of @e ision Agriculture
A. Multlple Choi &@estmns

: R
95’ ’
Module 2: Introduction to Drones

Session 1: Introduction to Drones

A. Multiple Choice Questions

1. (a)
2. (a)
3. (a)
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4. (c)

B. Multiple Choice Questions

<
Session 2: Introduction to Basic Components of Drones %{/\

A. Fill in the Blanks ~O\\
1. Magnetometer ,Q,
2. Brushless direct current Q
3. ESC <
B. Multiple Choice Questions NQ
1. (a) xO
2. (8

3. (a) %O\J

Session 3: Drone Rules 2021 \©
Qog

A. Multiple Choice Questions 'g\’

<
1. (b)

2. (b) @@Sﬂ
3. (a)

4. (a) b%

B. Fill in the Blank%\,
1. Directorate %’n al of Civil Aviation
2. Three zon

3. Unma Aircraft System Traffic Management
Module 3: A@ namics and Drone Operation

Sessioc}y Principles of Aerodynamics

ﬁ‘dultiple Choice Questions

1. (o)
2. (b)
3. (0

Session 2: Operation of Fixed-wing Drone

A. Multiple Choice Questions
1. (b)
2. (b)
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3. (¢
4. (c)
5. (d)
6. (a)
7. (a)
8. (b)
9. (b)
10.(b)
11.(c)
12.(b) \Q@b’
Session 3: Operation of Multirotor Drone &@
1. (b) &O
) @Q
4. (¢) O
5. (c) \,,0
Module 4: Flight Simulator Training %O
Session 1: Introduction to Flight Simulator Tr@ing
A. Multiple Choice Questions '.\,(0'
1. (b) <
2. (d) (b’&
3. (b) @
4. (b)
5. (a) 3

Session 2: Demo Flight i %ulator

A. Multiple Choi \Questions

1. (b) ,Q’b'
@ <)

Aerodynamic: The study of the behaviour of air as it interacts with objects in motion,
such as aircraft.

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.
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Artificial Intelligence: 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.

Autonomous Unmanned Aircraft System (Autonomous UAS): A UAS capable of
operating independently, making decisions and navigating without constant human

control. b'

Autonomous Unmanned Aircraft System (Autonomous UAS): A UAS ca of
operating independently, making decisions and navigating without const% man

control. '\O

Basic Flight Manoeuvres: Fundamental movements and maneuve@%'formed by a

drone pilot during flight training. <
Bernoulli's Principle: The principle explaining how the sha}:bt)gm air foil generates
lift. X

X

Brushless Direct Current (BLDC): A type of electric@r commonly used in drones
for propulsion.

Camera: A device used for capturing still ima%%'g or video footage.

N,

Control Surfaces: Surfaces on a drone, h as ailerons, elevators, and rudders,
used to control its movement. (b"&,

DGCA: Directorate General of Civi 1ation, the regulatory body for civil aviation in

India. bﬁ

Digital Sky Platform: A ¢isifal platform for registering and managing drones and
their flights.

Drag: The resistanq%%}'countered by a drone as it moves through the air.

Drone Flight S@ulator: A software program that simulates the operation of a drone

for trainin practice.
Dron sors: Instruments and devices integrated into drones to collect data,
incllading environmental conditions, navigation, and imaging.

&tronic Speed Controller (ESC): A device that regulates the speed and direction
electric motors in drones.

Elevator: A control surface on a drone's tail that controls pitch.
Equilibrium: A state in which opposing forces or influences are balanced.
Genetically Modified Organisms (GMOs): Organisms whose genetic material has

been altered in a way that does not occur naturally through mating or natural
recombination.
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Geographic Information System (GIS): A system for capturing, storing, analyzing,
and displaying geographic or spatial data.

Global Positioning System (GPS): A satellite-based navigation system that provides
precise location and time information to GPS receivers anywhere on Earth.

Hovering: The ability of a drone to maintain a stable position in the air without
moving.

Hyperspectral Camera: A camera that captures a wide range of wavelengthg,
providing detailed information about the composition of objects.

9,
Internet of Things (IoT): A network of interconnected physical devices r&é?fects
that can collect and exchange data over the internet. &

Lift: The force generated by the drone's propulsion system to counQﬁgravity and
keep it in air. <

Model Remotely Piloted Aircraft System (Model RPAS): é small-scale, typically
recreational, remotely piloted aircraft system. 0

X
Model Remotely Piloted Aircraft System: A srq%@:ale, typically recreational,
remotely piloted aircraft system.

Multispectral Camera: A specialized came %ythat captures images in multiple
wavelengths of light to gather information %@1 vegetation health and other factors.

Payload Capacity: The maximum We(igg)a drone can carry in addition to its own
weight.

Pitch: The rotation of a drone und its lateral axis, tilting forward and backward.

Precision Farming: A farr%ﬁt& approach that uses technology to optimize the use of
resources such as wate iliser, and pesticides to improve crop yields and reduce

waste. {é,

Propeller: A rotgtia&’device that generates thrust to propel drones.

Pulse Wid odulation (PWM) Controller: A control system that adjusts the signal
sent to el@r nic components in drones, such as motors and servos.

Re @Sensing: The collection of data about the Earth's surface from a distance,
o@sing satellite or aerial technologies.

motely Piloted Aircraft (RPA): Another term for unmanned aircraft, indicating
that it is operated remotely by a pilot.
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.
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Rudder: A control surface on a drone that helps control yaw.

Thermal Camera: A camera that detects heat signatures, often used for tasks like
search and rescue.

Throttle: The control for adjusting the power output of a drone's propulsion system.

Thrust: The forward force produced by a drone's propulsion system to propel it
through the air.

Unique Identification Number: A distinct identifier assigned to each dron@%
facilitate tracking and compliance. %Q
Unmanned Aerial Vehicle (UAV): A pilotless aircraft operated \@%tely or
autonomously for various purposes. 0,

Unmanned Aircraft System Traffic Management (UTM): A system for managing
the safe and efficient operation of drones in shared airspace. »\Q

Unmanned Aircraft Systems (UAS): A comprehensive tei@chat encompasses not
only the unmanned aircraft (UAV) but also the nd control station and
communication links. %

Variable Rate Technology (VRT): A farming pr@ice that uses technology to vary
the rate of application of inputs like fertilisers\pd pesticides based on field-specific
data. é.\,
Vertical Take-off and Landing (VTO 'g(ircraft capable of taking off and landing
vertically, without the need for run

Video Camera: A camera desi& for capturing moving images and sound.

Yaw: The rotation of a dro;@found its vertical axis, turning left or right.

Ds:/ /digitalsky.dgca.gov.in/assets/files/UasRules.pdf

z.gebigital Sky
Q https://digitalsky.dgca.gov.in/
https://www.dgca.gov.in/digigov-portal

3. Drone Technician

https://dgt.gov.in/sites /default/files/ DRONE%20_TECHNICIAN%20_NSQF%
20_LEVEL_4.pdf
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