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Abstract

Agriculture provides basic sustenance to mankind. With population explosion, the demand
for food is also growing exponentially. At the same time, agriculture is a resource-intensive
activity with increasing implications for the environment. Modern agriculture offers
sustainable solutions with efficient farming using limited resources of water, energy, and land,
yet catering to the ever increasing demand for food. Radio frequency (RF) technologies which
are widely used in the defense, aerospace, and communications sectors, can play a pivotal
role in providing a complete solution for modern agriculture. This white paper discusses how
RF technologies can address the challenges facing modern agriculture and provides a basis
for further exploration of the potential of RF technologies by R&D and data scientists.

Introduction

Modern agriculture’s key success factor is
precision farming. This involves technologies
for collection and analysis of data and using
data to make informed decisions about
planting, optimized fertilizing, and optimized
irrigation.

Electronics have left their mark on precision
farming in the form of various sensors and

analyzers used in the field and in greenhouses.

The tools and machinery that support

precision farming can broadly be classified

into electronics, machinery and software, and
data sciences. Various sensors are deployed

to measure soil, crop, and weather conditions.
Other electronics help provide automation to
machinery, and connect it in a network from
where end users can monitor and control
operations. Embedded electronics play a pivotal
role in developing these sensors and electronic
devices, integrating them in a network and
connecting end users (farmers) to provide them
access to huge pool data in real time/offline.




Radio frequency (RF) technology has a huge
advantage over other embedded technologies,
when it comes to all weather (e.g., cloudy
atmosphere) and day/night remote monitoring
of crops/soil, navigation of machinery, and

the need for wireless connectivity. Using RF
technologies such as radar, the condition of
crops and soil can be monitored in all weather

and in day/night conditions. Microwave has a
heating effect at higher transmitted power
and is useful in crop drying and seeding. A
connected solution can be established using a
radio frequency communications network to
enable optimal use of sensors and machinery.
Figure 1 below lists RF technologies/
equipment used in modern agriculture.

-

RF in Modern
Agriculture

Radar Imaging

Synthetic Ground
Aperture Penetrating
Radar (SAR) Radar (GPR)

Microwave
Heating

Communication

Internet of Data
Thing (loT) transfer

Remote
control of
equipment

Figure 1. RF technologies used in modern agriculture
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3. Radio Waves and Their Use in Agriculture

Radio frequency signals are basically
electromagnetic (EM) waves typically ranging
between 3 MHz to 300 GHz (Figure 2).

Majority of radio frequency applications are
spread over a frequency range of 3 MHz to 40

3 MiHz 300 GHz

10°(Hertz)

Radio Waves

(
107 (meters) 10'm 10"m 10'm 10%m 1078 m 104m
nm o oy |
a -
Wiavela = Wil = Waveleagth =
Jenginel oot ek oo 8 Bt thicknaes of paper

FM Radia Cell Phone,
anid Wi-Fi

GHz. Higher frequencies help in providing
high resolution imaging and high bandwidth
communication application, whereas

lower frequencies help in achieving depth
of penetration in the soil for analysis and
long-distance communication.
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: 1
10#m 107m 10 m 10%m 10-'"m 10" m 10"m
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Figure 2. Electromagnetic spectrum
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Radar emits RF/microwave frequencies and
when directed toward the farmer's field,

a part of itis reflected back toward the
radar. This is known as backscattering of
electromagnetic waves. The amplitude and
phase of RF signals change when reflected
from different materials and is a function
of crop types, crop age/conditions, soil
roughness, and moisture content of the
soil. By analyzing the relative amplitude
and signal phases and mapping these to

a calibrated set of data, data scientists

can recover detailed information and

Effect of amplitude and phase of RF signals in agricultural
applications (microwave imaging)

presentitin a readable format/image to
the end user. With the advancement of

RF technologies, microwave imaging is
maturing, producing a camera-equivalent
image and sometimes animage with more
depth of information. Two types of radars
are most effective in this regard. One,
mounted on a flying platform such as an
airplane/drone or on a satellite, is known
as Synthetic Aperture Radar (SAR). The
other is mainly a scan over the ground or
in close proximity to the ground, known as
Ground Penetrating Radar (GPR).

J
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Microwave heating

Electromagnetic fields in microwave
radiation are responsible for generating
heat. Polar molecules such as free water
in the crops are affected by microwave
radiation. The heat is typically generated
in two ways: one is the friction between
molecules due to their dipolar rotation
(oscillation) in tune with the RF frequency
and the other one is ionic conduction.

In ionic conduction, free ions move
through inter-molecular space to align

themselves with electric fields
present in microwave radiation and
heat is generated due to friction
among these movingions. As the
molecules and ions oscillate or move
in tune with RF, electromagnetic
energy present in microwave
radiation is absorbed and produces
heat. Microwave heating has a variety
of applications such as crop drying,
pest control, seeding, and more.

Communications

In communications, high frequency RF
signals carry data, voice, and videos.
Data, voice, or video information alters
the amplitude and phase of RF signals in
accordance with their content allowing
them to be carried over along distance
in air on an RF signal (known as carrier

in this case). Like other industries,
modern agriculture depends heavily on
connected solutions such as remote
control of equipment, monitoring
health status of equipment, and
transfer of a huge amount of sensor
data to the central server/end user.

Proad A
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Different types of crops respond to different RF spectrums. For
O O
Use Cases example, tall and high biomass crops like sugarcane, maize, jute,
. ) and millets respond better to a lower microwave spectrum (1-2
4. RF Technology Use Cases in Modern Agriculture GHz) whereas rice and pulses (low to medium biomass crops) are

responsive to a slightly higher spectrum (4-8 GHz).

Let us take a detailed look into the use of different RF technologies in modern agriculture.

SAR-based remote sensing for crop monitoring
SAR uses electromagnetic properties such RF pulses translates into different footprints of
as amplitude, phase, relative amplitude, and the antenna beam on the ground. A coherent
relative phase of radio waves reflected from (synchronous) combination of the received
the crops on which it is transmitting the signal. signals allows the construction of a virtual
These EM properties can be mapped to a color antenna aperture that is much longer than the
map to identify the type, age, and health of the physical antenna length, giving rise to the term
crops. The airplane carrying the SAR moves "synthetic aperture” and gives the radar the
in a straight line at any point of time. Hence, property of being an imaging radar. Figure 3
consecutive time of transmission/reception of represents the SAR principle of operation.
( )

= t=t, Flight Pail t=t {=1t;_Fight Path f=1t; _pight Palh

........................................ ] L i Legend
""""""""""""""""""""""""" - N \ I oo I soveare [ overceor N Foren
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Figure 4. SAR imagery for different crop types

Further, crops at different ages reflect RF signals differently which

(a) (b) ) . o .
. J gives an indication of crop ages (Figure 5).
Figure 3. The SAR" principle of operation - ~
e g
{ '
i
8 Rice
5 Water
E “— Urban
9= “— Homestead
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& Maize
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Figure 5. SAR imagery in different life stages of a crop &
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GPR-based soil study Microwave heating
To complement SAR usage in modern relative characteristics of the media (see Figure Studies have indicated the effectiveness of germination of seeds. Studies have shown
agriculture, GPR, being in closer proximity to 4(a)) . Electromagnetic properties of the signal microwaves in drying material with water that the use of microwaves during drying can
ground, is used to study soil contents in detail. are then mapped to an image representation content and this property is useful in drying be safe in seeds of soybeans, corn, and beans,
GPR sends a radio frequency signal toward the with respect to survey coordinates (see Figure crops faster as compared to the conventional among others. Many studies recognize that
ground and part of it penetrates the ground. 4(b)). Usually, GPRs are pulled over the ground convection method. The role of microwave drying using microwaves has great potential as
When the signal experiences the differences to collect data. With advancement of drones, heating in pest control dates back nearly 70 it reduces the drying time considerably. Other
in the media, part of the penetrated signal is GPRs are now being mounted on drones to years where lethal exposure of insects toa 12 applications of microwave heating include
reflected back toward the radar and carries the provide faster mapping of large farming lands. MHz electric field was demonstrated. Recent microwave-assisted bio-fuel extraction and
experiments show that insects infesting dry microwave-assisted pyrolysis (to convert
(" GPR Survey Cort - 400 MHZ Antenna and Gonod) products are quickly affected by microwave biomass to an intermediate liquid product that
Cecerver Compu energy as the water content in their body can be refined to drop in hydrocarbon biofuels,
Transmitter consq gets heated. An application of microwave oxygenated fuel additives, and petrochemical
with controlled transmitting power helps in replacements).
+— Survey Direction
Transmitted "—R’;'ilge:;fd
st — RF communications in agriculture
\ . - Anomaly/

Majority of the RF sensors

(a) (b) (c) described above are mounted
either on airborne platforms or
on a ground vehicle. Drones are
the latest, most popular, and
inexpensive airborne platform as
compared to others. Drones are

Figure 6. (a) Concept of GPR (b) GPR being used for soil survey ¥, (c) Drone-borne GPR

Using the EM properties of reflected signals and characteristics may be due to the lithology

corresponding mapping to images, different of the soil or due to presence of moisture, -
. . Lo . . required to be controlled remotely
layers of soil and their spatial distribution can pollutants, agrochemicals. An example is shown . . .
. . . : using wireless technologies. A

be estimated with centimeter accuracy. These in the figure below. .
robust and long-distance RF
communications system needs to

A 60 em i0em 180cm 140cm 3 cm N\

be established for controlling and
operating the drones as desired.

i%i
) : > s
! e A ?§ "-""-"'E-;’*L""":

Figure 8. Remote-controlled drone for agriculture

‘ HH'|.

With the advancement of
technology, agricultural
vehicles are adopting
autonomy in their
operations. The key
elements of success for
this are RF communications
equipment and network
infrastructure for a
connected vehicle.

&0 em 120em 180 ¢em 40em MM em

Figure 7. GPR imagery of soil: (a) Initial condition, (b) With
movement of agrochemical agents ©© Figure 9. Agriculture vehicle with autonomy
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5G technology in agriculture

The advent of 5G technology will revolutionize
global farming landscapes and will open

up multiple ways to establish and grow
precision farming. The figure below shows
that every element in modern agriculture
once connected to a high speed and high
throughput 5G cellular network, works in

tandem with the other to optimize resources
and maximize yield. The imagery generated
from SAR and GPR demand throughput for
transferring them to a distant and central
location/data cloud. Similarly, to control
farming equipment remotely, a low latency
communications network in inevitable.

e e N
¥
g g ‘
y
SEEDING / PLANTING e e WATERING
% HARVESTING
¥
5G CELLULAR NETWORK &
S
SPRAYING f WEED PACKAGING
ELIMINATION
\ FARM AMIMAL GREEMHOUSE /
MONITORING

Figure 10. Uses of 5G technology in agriculture

Internet of Thing (loT) in agriculture

Agriculture, like other industries, has been quick
to utilize loT for smart farming. loT connects
sensors for monitoring soil parameters, plants,
weather, livestock, etc. using a smartphone
over the Internet. Thus, farmers get access to
the information at different levels, such as soil
analysis and mapping, irrigation, fertilizers and
pesticides, disease detection, harvesting and
yield prediction, and monitoring .

‘ T T——

(a)

A major success factor for [oT in
agriculture is the availability of ultra-
small communications terminals, small
enough to fit in wearables and small
gateways used for livestock monitoring.
Satcom equipment manufacturers are
in the process of developing ultra-small
terminals/modems

4 I

T

(b)

Figure 11. (a) loT in agriculture, Compact devices for satellite-based loT
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5. Cyient’s Approach

As a technology enabler and solutions provider,
Cyient works closely with industry experts to
understand their concerns and challenges. With
the vision of Designing Tomorrow Together,

we enable our customers to apply technology
imaginatively across their value chain to solve
problems that matter. We aim to provide
sustainable solutions and facilitate the adoption
of disruptive technologies to conserve valuable
resources. Cyient has decades of experience

in helping customers worldwide to research,
deploy, integrate, migrate, and support different
embedded applications, communications
networks, and RF technologies.

Crop Damage

2

Sustainability is one of our key focus

areas. The aimis to bring out solutions

to optimize the use of resources and

cater to the growing needs of the society.
Technologies such as connectivity, loT, and
smart technologies play animportant role in
sustainability by reducing carbon footprints.
Precision agriculture is one of the areas
where embedded technologies such radio
frequency technologies have immense
potential to bring out solutions for a more
sustainable future.

Farm Map
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A global revolution is underway
in agriculture. Enormous
amounts of researchisin
progress to develop more
advanced technologies to
enable new features of modern
agriculture/smart farming. We
will see the biggest advancesin
near range and long-distance
communications, higher
precision SAR and GPR data
generation, compact and low-
cost electronic devices using
system-on-chip (SoC), and
fully autonomous vehicles/
equipment for faster and
higher throughput.
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About Cyient

Cyient (Estd: 1991, NSE: CYIENT) is

a global Engineering and Technology
solutions company. We collaborate
with our customers to design digital
enterprises, build intelligent products
and platforms and solve sustainability
challenges. We are committed to
designing tomorrow together with
our stakeholders and being a culturally
inclusive, socially responsible,

and environmentally sustainable
organization.

For more information, please visit
www.cyient.com

EFEE
&

Follow us on: @ 0

Contact Us

North America Headquarters
Cyient, Inc.

99 East River Drive

5th Floor

East Hartford, CT 06108
USA

T:+1860528 5430
F:+1860528 5873

Europe, Middle East, and Africa Headquarters
Cyient Europe Limited

Apex, Forbury Road,

Reading

RG1 1AX

UK

T:+44 118 3043720

Asia Pacific Headquarters
Cyient Limited

Level 1, 350 Collins Street
Melbourne, Victoria, 3000
Australia

T: +61 3 8605 4815
F:+6138601 1180

Global Headquarters
Cyient Limited

Plot No. 11

Software Units Layout
Infocity, Madhapur
Hyderabad - 500081
India

T:+91 40 6764 1000
F:+91402311 0352

© 2023 Cyient. Cyient believes the information in this publication is accurate as of its publication date; such information is subject to change

without notice. Cyient acknowledges the proprietary rights of the trademarks and product names of other companies mentioned in this document.



