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Abstract

Agriculture today is highly sophisticated, based on Big Data analysis and farmers around the globe are
data hungry. Unfortunately they are not provided with all that they need to sustain this industry, though
agriculture being one of the foremost employment generating sectors. Agro industry today extends
to Animal Husbandry, Crops, Dairy, Fertilizers & Pesticides, Fisheries, Floriculture, Horticulture,
Irrigation, Organic Farming, Plant protection, Seeds, Sericulture, Soil & Water Conservation, Storage,
Marketing & Pricing activities and so on. The vastness of agriculture practices brings issues like crop
health, crop growth, canopy thickness, weather issues, irrigation, soil conditions, nitrogen deficiency,
cattle health, grazing issues, soil productivity variances, security and anomalies, disaster management,
crop insurance policies to name a few. Precision farming is thus the call of the day and farmers
worldwide have resorted to farming techniques involving Remote Sensing, Geographic Information
System, Global Position System and Unmanned Aerial Vehicles. This paper looks into the depths
of UAV applications in agriculture in different countries and tries to present the on-going efforts to
digitalize farming through UAV led farming methodology and also brings out the various on-going
programmes under the present Indian government. The paper tries to present the technical aspects
of UAV based farming technology as embraced by Governments and Private farmers along with the
present Regulatory Restrictions imposed on the private usage of UAVs in countries like USA and India
and it brings out the pros and limitations of applications in different areas as well.
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Further, the large and growing sizes of farmlands
in developed and developing countries today
call for precision farming. For example if the

Introduction

Agriculture industry in the year 2016 is more

complicated than ever. Agricultural management
is becoming more and more difficult for all
countries. It is difficult for farmers to analyze and
to react to problems like disease outbreak among
cattle and crop alike. Equally difficult are the ways
to monitor the critical aspects of agriculture like
plant health measurement, livestock detection,
water source detection, surveillance and security.
Monitoring of crops and managing farmlands
today is done by satellites, manned planes and by
walking the field or on horsebacks. However this
is not a rewarding exercise, being time consuming
and exhausting.

farmlands of USA, EU countries and of Australia
are considered, 41% of U.S. total land area is
farmland. In 1900, the average farm size was 147
acres, presently it is 441 acres [1]. The average
farm size in the EU-27 rose from 11.9 hectares
(29.40554 acres) to 14.5 hectares (35.83028
acres) between 2005 and 2010 [2].

In Australia, farmlands size to 50 hectares (123.553
acres), and a similar proportion (between 50 and
500 hectares (1235.53 acres) [3]. Agricultural
UAVs have revolutionised the very concept of
farming by creating methodical and precision
than ever, ready backup data and verified strategy.

Aerospace Engineering Division Board

13




Annual Technical Volume

/

Agriculture

Agriculture is the world’s largest provider of jobs.
It provides employment to more than 1.3 billion
people worldwide [4]. About 40 percent of the
global workforce is actively engaged in agriculture
and allied industries and is world’s largest provider
of jobs[5]. In more than 50 countries agriculture
engages 50% of the population; this value shifts
to 75% in poorer countries [6].

Precision Agriculture

Precision Agriculture is all about Agriculture Big
Data Analytics, collecting real time data on crop
maturity, air quality, weather, water sources, soil
behaviour versus seed adaptation, fertilizer versus
pesticide, optimization of planting, harvesting
and distribution of crops and more. These data
help to set predictive and preventive analytics
and to make smart decisions. Components
of precision agriculture include Geographic

Information System (GIS), Remote Sensing (RS),
Global Position System (GPS), SS Toolbox, yield
monitor and adept use of UAV based information
system.

Precision Farming with UAV

The onset of precision farming with UAVs is a
boon to farmers worldwide. Agricultural UAV's are
expected to capture 80 per cent of the commercial
UAV market and has the potential to generate
more than 100,000 jobs in the US alone [7].

Definition of UAV

An UAV (unmanned air vehicle) comprises a
number of sub-systems including the aircraft, its
payloads, the control station(s), aircraft launch
and recovery sub-systems, support sub-systems,
communication sub-systems, transport sub-
systems, etc. Different types of UAV with their
applications [8] are shown in Table 1.

Table 1 : Categories of Systems Based upon Air Vehicle Types [8]

SINo UAV Type Application

1 HALE - High altitude long | Extremely long-range reconnaissance and surveillance, fly over
endurance 15000 m

2 MALE- Medium altitude long | Long-range reconnaissance and surveillance, fly between 5000—
endurance 15000 m

3 TUAV - Medium Range or|Range between 100 and 300 km operated by land and naval
Tactical UAV forces

4 Close-Range UAV Diverse military/civilian purposes

5 MUAV or Mini UAV- Relate to
UAV of below a certain mass (yet
to be defined) probably below 20
kg

6 Micro UAV or MAV

Can be hand-launched, operating at ranges up to about 30 km

A wing-span not greater than 150 mm, principally used for
operations in urban environments, particularly within buildings

7 NAV — Nano Air Vehicles Used in swarms for purposes like radar confusion or conceivably,
if camera, propulsion and control sub-systems can be made

small enough, for ultra-short range surveillance

8 RPH
Types of Agricultural UAVs
Agricultural UAVs are either fixed wing type or 1.

Remotely piloted helicopter or vertical take-off UAV

Plant Research

Hybrid phenology / trait assessment for

rotary wing types capable of STOL/VTOL. Most breeding.

fly up t0 400 £. 2. Canopy profiling.

General application of UAV in agriculture .

includes 3. Crop counting. y
k .
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Temperature / pressure profiling.
Spore, dust, pollen collection.

Water quality assessments and survey.
Methane and CO, sensing.

Wirelessly collect data from ground sensors.

Crop Production
1.

Precision Agriculture prescription data.

Crop status (growing stage, yield estimates,
and so on).

Tiling/drainage evaluation and survey.
Time-saving pre-assessment for field tasks.
Drainage estimates and topography.

Planting  evaluation  and

requirements.

replanting

Pathogen introduction and tracking & Weed
levels.

Crop Protection
L.

Prevent birds that cause disease to crops.

2. Prevent birds from eating high value crops.

3. Identify wildlife that may consume crops.

4. Detect and track plant disease.

Advantages of UAV

1. Fly autonomously and on Demand.

2. Fly under Cloud Cover and deliver satellite
images without cloud hazards.

3. Hand launch.

4. Fully automated flight & landing.

5. Monitor flight / live update of flight plan
possible.

6. Capable of developing three-dimensional
maps of the fields and the nearby terrain
allowing the user to get a better idea of the
layout.

7. Low-cost and on-demand sensing capabilities

with minimal human involvement.

8. Not dependent on weather disrupted solutions
(GIS & satellite).

9. Increases sampling performance by 30-35%.

Some of the Popular Applications of UAV

in Agriculture

1. Aerial Application- Used for Crop Spraying

or dusting; suitable for all kinds of complex
terrain, crops and plantations of varying
heights.

Pesticide Spraying- An UAV can identify
whether a plantation requires spraying or not.
Insect pest control in rice paddies, soybeans
and wheat crops is extensively used all over
world.

Disease Detection,Parasite Monitoring and
Mitigation- Through built-in algorithms and
multi band cameras in less time getting high-
resolution aerial images by flying at a lower
altitude, resulting in much clearer data and
images.

Moisture Monitoring-Visual spectrum (RGB),
near-infrared (NIR), and infrared/thermal
remotely sensed data and some vegetation
indices (VIs) are used for the soil moisture
monitoring.

Crop Growth Monitoring- UAV-based RGB
imaging delivers valuable data for productive
Crop monitoring.

Livestock detection and Tracking-Counting
and monitoring of livestock spreaded over
large areas by aerial imaging and video
recordings.

Disease Outbreak Tracking-The extensively
developed image processing framework
is used for the detection and mapping of
invasive woody weeds from remotely sensed
red-green-blue aerial images.

. Remote Aerial Monitoring-UAV helicopters

are extensively used to perform aerial
photography.

Weed Infestation Monitoring- The UAV
has the capability of using a multi-band
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multi-spectral camera with the objective of
generating a weed map.

10. Create precise maps of nitrogen deficiencies-
The agriculture drone units are guided by
algorithms designed to pinpoint field locations
that need nitrogen measurements.

Table 2 : A typical field statistics data that can be
generated by an UAV

15.4 ha Field Area
4.484 ha Crop Area
29.12% Crop Coverage

UAV Navigation-Control System

UAVs have sensor systems which provide an
estimate of the vehicle’s full state vector. The state
vector consists of three position coordinates; three
components of the velocity vector and three to
nine parameters describing the vehicle’s attitude.

In addition to state sensing and estimation, UAVs
need control and guidance systems that allow
them to manoeuvre in a way consistent with their
mission.

The complete state of the UAV comprises its
position, velocity, attitude, airspeed, angle of-
attack, side slip angle, and rotation (pitch, roll,
and yaw) rates. Position, velocity, and attitude are
also known as the navigation state.

The sensors used to measure these quantities
are called navigation sensors. There are inertial
measurement unit (IMU) and global positioning
system (GPS) receiver.

Table 3 : Typical UAV Hardware

Working Principle of UAV

The UAV is flown on site and when retrieve
the farmers can extract the data and directly
visualize it. Whether farmers need to change
seeds, use more or less fertilizers or use different
chemical altogether, that can increase the yields
and decrease the expenses - Agricultural UAVs
provide cost effective, reliable aerial imagery
with better and more accurate big data. Survey
data can be immediately examined and verified
for quality in the field with tools like automated
ground control point system, or data compression.
The data can then be uploaded for automated 2D
or 3D orthomosaic processing as well as analysis
in the cloud. Field statistics data that can be
generated by UAV is shown in Table 2.

UAVs Equipment and Uses

This typical equipment includes cameras for
taking pictures and videos, infrared cameras, and
sensors that will allow the UAVs to collect data
and then analyse it. A Typical Agricultural UAV
has the hardware configuration[9] as shown in
Table 3.

TYPICAL UAV SENSORS
Visual Sensors

Equipped with High resolution, low distortion
camera capable of producing images or video,
which is applied for:

1. Aerial mapping and imaging
2. Plant counting

3. Surveillance

On-board| Humidity | Temperature Pressure Incident

Sensors : Light

Processors : 720 MHz dual-core Linux CPU

Interfaces : Wifi Ethernet Serial USB
Digital Analogue Ic

Weight : 5.31bs

Wingspan : 4.91t

Payload : Capacity -2.21bs Swappable

/
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4. Photogrammetry and 3D reconstruction

9]

Emergency response
6. Surveying and land use applications

Multispectral Sensors: These sensors are
applied for

1. Plant health measurement

2. Plant counting

3. Vegetation index calculation
4. Water quality assessment

Thermal Infrared Sensors: These sensors
are applied for

1. Surveillance and security
2. Heat signature detection

3. Livestock detection
4

Water temperature detection and water source
identification

5. Emergency response
Light Detection and Ranging (LIDAR)
Sensor

Most airborne LIDAR systems have a LIDAR
sensor, a GPS receiver, an inertial measurement
unit (IMU), an onboard computer and data
storage devices. A typical Agricultural UAV has a
short range, 270° scanning LASER range finder.
It penetrates through vegetation and can perform
plant height measurements by collecting range
information from the plant canopy and the ground
below.

Hyperspectral Sensor

Hyperspectral imaging (HSI) provides a detailed
reflectance spectrum for every pixel in an image.

Hyperspectral sensors are used widely in:
Vegetation index calculation

Plant health measurement

Full spectral sensing

Water quality assessment

Spectral research and development

AN

Mineral and surface composition surveys

Besides sensors, a typical agriculture UAV has
one or more of the following application features.

GEOSPATIAL APPLICATIONS

Data are transformed into actionable information
in order to generate real-time decisions.

Plant Height

An UAV can readily provide 3D data to analyse
crop height and density from different angles.

Plant Counting

UAVS have Plant Counting algorithm that works
by asking users to help identify parts of their
field (ground, plants, rows, etc.). Based on the
user’s inputs, the algorithm identifies plant rows,
determining the gaps within each row and thus
generating the plant count.

Canopy Cover

An UAV can quickly assess crop coverage in later
growth stages reported as a coverage percentage.

Automated Anomalies Detection

UAV generated 3D data is able to see anomalies
in the field commonly associated with weeds.

Season Monitoring

Multiple flights of the UAVs throughout the
growing season and at key decision points reveal
changes, trends, patterns, and anomalies.

Crop Health Indices

Many UAVs carry agricultural vegetation indices
to identify crop stress, track rogue plants and
detect early infestations.

Some of the vegetation indices use only the Red,
Green and Blue spectral bands.

Green-Red Ratio Vegetation Index (GRVI)
and Normalised Green-Red Difference Index
(NGRDI): These two are used for reflectance in
the Red and Green parts of the spectrum.

Leaf Area Index: It characterises plant canopies.

Normalized Difference Vegetation Index (NDVI):
It is the Ratio of the reflectance in the near infra-

Aerospace Engineering Division Board

17




Annual Technical Volume

/

N

Red and red portions of the electromagnetic
spectrums.

NDVI= G-R/G+R

Visible Vegetation Index (VVI): It provides a
measure of the amount of vegetation or greenness
of an image using only the information from
visible spectrum. It can be expressed as [10]

VVI = [(1-(R-R)/(R+R))) (1-G-G /G+G,) (1-
IB-B,/B+B,[]'™

where, R, G, and B are the red, green, and blue
components of the image, respectively; R G B is
vector of the reference green colour and w is a
weight exponent that adjusts the sensitivity of the
scale.

True colour images allow determining crop
variation maps of an entire field.

Enhanced Normalized Difference
Vegetation Index

This is a close equivalent to NDVI used through
low flying UAVs and is correlated with leaf
area values and plant vigour generating a
Georeferenced Index Image.

Use of UAV in Agricultural Practices in
Countries other than India.

UAVs are fast evolving into a robust tool for
precision agriculture. In near future Agriculture
industry will be the biggest user of this technology.

Most of the European nations, Canada, Australia
and Japan and to a limited extent, USA have put
UAVs to practical applications in agriculture.
Figure 1 shows low response from Asia and
a non-presently conspicuous USA where FAA
regulations levy a first time offence of $10,000
to $1,00,000 for flying a UAV for commercial
purposes[11].

UAV in India

Agriculture, with its allied sectors, is the largest
livelihood provider in India and a major contributor
to Nation’s Gross Domestic Product (GDP). India
covers 2.4% [12] of the world’s geographical area,
yet it feeds 16.9% [12] of the world’s population
and 15% of the world’s livestock.

UAV Friendly Nations

4%

W Canada

B Mexico

B United Kingdom
M Europe

M Brazil

M Australia

B New Zealand

B Asia

Figure 1 : Percentage Share of Major Countries
having UAV-Friendly Skies-Friendly Ratings

GDP from Agriculture in India increased to
5131.90 IND Billion in the fourth quarter of 2015
from 2986.92 IND Billion in the third quarter of
2015. [13] More than 55% of Indian population is
dependent on agro industry for livelihood. Indian
Agriculture is confronted with several issues of
agricultural productivity, remunerative prices
for farmers; land policy, agrarian distress, crop
damage due to natural calamity and so on. There
is a further issue of low average productivity at the
national level and high variation in it regionally.

For Example Punjab and Haryana have excellent
agricultural productivity, while some parts
of Rajasthan, Madhya Pradesh, Maharashtra,
Chhattisgarh, Odisha, and Karnataka suffer from
quite low yields. In India UAV application in
agriculture is still in infancy, though UAVs can go
a long way in aiding activities like:

1. Sowing seeds

2. Spraying pesticides

3. Crop insurance

4. Crop mapping

Gauge crop damage from natural calamities.

The “Pradhan Mantri Fasal Bima Yojana”[14]
plans to use satellite imaging and remote sensing
technology for quick estimation of losses and to
help farmers and insurance companies in early
settlement of claims.

/
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Agriculture Insurance Company of India along
with Skymet [15], has conducted tests in parts of
Gujarat and Rajasthan to see how UAVs can be
used to survey groundnut crops and help map crop
diseases along with helping insurance companies
settle claims.

On 05-October-2015 Minister of State for
Agriculture & Farmers’ Welfare, Dr. Sanjeev
Kumar Balyan launched “KISAN” Project [C(K)
rop Insurance using Space technology And
GeoiNformatics] of Department of Agriculture,
Cooperation and FW, Ministry of Agriculture and
FW.

The project proposed use of Space Technology
and Geoinformatics (GIS, GPS and Smartphone)
technology along with high resolution data from
UAV/Drone based imaging for improvement
in yield estimation and better planning of Crop
Cutting Experiments (CCEs), needed for crop.
Some of the UAV companies present in India
are Precision Hawk, SkyMet, Amigo Optima,
Quidich and Techbaaz [16].

Limitations

o [light autonomy-bound by Battery
Capacity

It can be defined as the amount of time a UAV
can fly without landing due to lack of power.
Flight autonomy takes into account the different
aspects like the type of engine, the aerodynamics,
the weight; wind conditions importantly the type
of battery. One of the most common batteries for
commercial UAVs is a Lithium Polymer battery,
which provides around 2Ah of service to the
UAV. It delivers one hour of autonomy with an
engine that needs 2A to work, getting autonomy
for 25 minutes considering regular conditions,
with Smph wind, having no load capacity [17].

® Regulation in Countries like USA
and India and Regulatory Condition
for Commercial use of UAV in USA

As per FAA Section 333 [18] under special rules
for Certain Unmanned Aircraft Systems, the
Secretary of Transportation determines if certain

N

unmanned aircraft systems may operate safely
in the national airspace system; which types of
aircrafts do not create a hazard to the users of the
National Aerospace System, to the public or to the
national security.

As per SEC. 334. PUBLIC UNMANNED
AIRCRAFT SYSTEMS [19], the Secretary of
Transportation can allow a government public
safety agency to operate an unmanned aircraft
weighing 4.4 pounds or less, if operated with the
following guidelines:

1 UAV must fly below 400ft above the ground.

2 UAV must be operated only during the
daytime.

3 UAV must be seen and maintained inside the
visual line of the operator

4 UAV must be further than 5 miles from the
closest airport, heliport, seaplane base, space
port, or other location with aviation activities.

5 UAV must be flown within Class G airspace.

® Regulatory Condition for Commercial
use of UAV in India

The Office of The DGCA through a Public Notice
has declared that it is in the process of formulating
the regulations for certification & operation for
use of UAS in the Indian Civil Airspace. Till
such regulations are issued, no non-government
agency, organization, or an individual will launch
a Unmanned Aerial System (UAS) in Indian Civil
Airspace for any purpose whatsoever[20].

® Technical Decisions

There is still no international or even country —
wise protocol of UAV development for agricultural
applications. Hence no standard design has been
patented or standardised for a given type of
application.

Conclusion

New generation of engineers, developers and
ministries worldwide have joined hands to
incorporate environment friendly, accurate, data
backed UAVs in agro and allied industries.

/
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Under joint conduct by Mahalanobis National
Crop Forecast Centre, Indian Space Research
Organisation, India Meteorological Department,
State Agriculture Departments and Remote
Sensing Centres, Climate Change, Agriculture
and Food Security (CCAFS), India too has joined
the elite club of nations by carrying pilot studies
of rice crop in Kurukshetra (Haryana), Shimoga
(Karnataka), Seoni (Madhya Pradesh) and of
cotton in Yavatmal (Maharashtra) during the
Kharif season of 2015.

In Rabi 2015, similar studies were carried out
in wheat yields of Karnal and Hissar (Haryana),
Ahmednagar (Maharashtra) and Vidisha and
Hoshangabad (Madhya Pradesh). Sorghum
[Gulbarga (Karnataka)], Sholapur (Maharashtra)
Raichur (Karnataka) will soon participate
in similar studies in rice cultivation. UAV
applications in agriculture and allied industries
have a long way to go and people should welcome
that. Precision farming with UAV will certainly
take a giant leap in near future and on a global
scale. In years to come no sky will be unfriendly
for UAVs.
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