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Abstract

I { obots have a wide range of

applications  within the agricultural
industry from performing complex tasks
such as monitoring crops and measuring
different activity in the soil, to simpler
tasks of picking-and-packing fruits and
vegetables and planting seeds. Add to
that automation for ventilation systems
and air control for livestock, milk
production and arable irrigation, and it is
clear that technology is the future for
successful agriculture.
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INTRODUCTION

India, being an agriculture-based country,
holds immense importance for its
economy. The agricultural sector
contributes 13.9% to the GDP and
employs approximately 55% of the
population. Around half of the
population relying on agriculture as their
primary source of income and providing
raw materials for numerous industries, it

becomes crucial to strengthen this vital
industry. In recent years, the agricultural
industry has undergone significant
transformation, largely driven by
technological advancements. Notably,
the integration of robots in agriculture
has emerged as a game-changer. These
intelligent machines are revolutionizing
the cultivation and harvesting of crops,
leading to  enhanced efficiency,
sustainability and productivity in the
sector. From tasks like seed planting to
precision spraying and autonomous
harvesting, robots are reshaping the
future of agriculture. In this article, we
will explore the various applications of
robots in agricultural operations and their
potential benefits.

Need of Robotics in agriculture

The need for robotics in agriculture has

become increasingly apparent due to

several factors. Robotics is essential in
the agricultural sector in various ways
such as:

1. Labor Shortage: Robotic systems can
fill this labor gap by performing
various  tasks  efficiently and
effectively.

2. Efficiency: Robots offer higher
efficiency and precision compared to
manual  labor. By  automating
processes such as planting, weeding,
and  harvesting, = robotics « can
significantly increase productivity,
reduce time and labor cost.

3. Quality: Robots can handle crops
with care, ensuring minimal damage
during harvesting and processing
leads to high quality product.

4. Safety: Agriculture can be a
hazardous occupation, involving
tasks such as operating heavy
machinery and handling chemicals.
Robots can reduce the risk of
accidents and occupational hazards
by taking over these dangerous tasks,
thus ensuring the safety of human
workers.

5. Scaling Up: Agricultural robots

enable farmers to scale up their operations

and meet the rising demand by improving
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productivity and efficiency. They can help
manage larger areas of land and cultivate
crops more effectively.

The need for robotics in agriculture arises
from labor shortages, the pursuit of
higher efficiency and productivity,
precision  agriculture  requirements,
product quality considerations,
sustainability — goals, worker safety
concerns, and the need to scale up food
production. The integration of robotics in
agriculture offers immense potential to
overcome these challenges and shape the
future of farming.

Application of Robotics in various
agricultural operations

Robotics has a wide range of applications
in  various - agricultural
operations, offering
benefits such as increased g
precision, efficiency, and ©

reduced labor |-
requirements.  Different
agricultural operations

where  application  of
robotics can play a crucial
role are covered.

Tillage:

Robotics has several applications in
tillage, = offering benefits such as
increased - precision, efficiency, and
reduced labor requirements. Robotics in

tillage can enhance precision,
sustainability and  productivity in
agricultural ~ operations,  ultimately

contributing to more efficient and
effective soil preparation for successful
crop cultivation. Robotics ‘enables the
development of autonomous tillage
systems where robots can perform tillage
operations  with  minimal  human
intervention. These robots can navigate
through the field using GPS or other
positioning systems and perform tillage
tasks such as ploughing, harrowing, or
cultivating. Autonomous tillage robots
can precisely follow predefined paths,
ensuring consistent depth and coverage
across the field. There are few robots
have been developed for tillage
operations such as:

a) Robotti: Robotti is a versatile
agricultural robot developed by
Agrolntelli. It is capable of
performing
tasks like
tillage,
seedbed
preparation,
and weeding.
Robotti can
be equipped with different tillage
implements, such as rotary harrows
or power harrows, depending on the
specific requirements of the field.

b) Bonirob: It is developed by Bosch
Deepfield Robotics, is an
autonomous agricultural robot that

can perform various tasks, including
tillage. It uses sensors and cameras to
navigate the field, and its robotic arm
can be equipped with different tillage
tools for soil preparation.

Sowing:

Robotic sowing systems enable precise

seed placement, ensuring accurate seed

spacing, depth, and alignment. Robots
equipped with advanced sensors,
computer vision, and GPS technologies
can precisely navigate the field and sow
seeds with consistent spacing, optimizing
seed germination and plant growth.

There are various robots has been

developed for sowing and planting of

seeds such as:

a) Seedmaster Nova: Seedmaster Nova
is a sowing robot developed by the
Australian company, Seedmaster. It
uses artificial intelligence and GPS
technology to precisely sow seeds in
the field. @~ The robot can
autonomously navigate through the
field, adjusting its sowing patterns
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based on the desired seed spacing and
depth.

b) Fendt Xaver: Fendt Xaver is an
autonomous sowing robot developed
by AGCO/Fendt. It can accurately
sow seeds in the field by using
advanced sensors and computer
vision technology. The robot can
handle various types of seeds and
adjust the sowing rate according to
the specific crop requirements.

c) Dot Power Platform: The Dot Power
Platform is a modular autonomous
vehicle that can be equipped with
different implements, including a
seeder. Developed by Dot
Technology Corp, this robot uses
advanced navigation systems and
precision seed placement technology
to sow seeds with high accuracy and
efficiency.

d) Wall-Ye V.LN. Robot: Wall-Ye
V.LN. Robot is a specialized robot
designed for vineyard operations. It
can sow vine seeds or young plants in
the vineyard rows, ensuring proper
spacing and alignment. The robot
uses advanced sensors and Al
algorithms to navigate and perform

Seedmaster NOVA

ng ioperation autonomously.

Weed and Pest Control:

Weeds and pests pose significant
challenges to crop production, leading to
yield losses and increased reliance on
chemical interventions. Robots offer a
more sustainable approach to weed and

pest Ecorobotix o ‘0z’ weeding

=S

control.
Autono
mous
robots
can

navigate through fields, using computer

vision and machine learning algorithms

to identify and selectively eliminate
weeds without the need for herbicides.

Similarly, robotic systems can target

specific pests, minimizing the use of

pesticides and reducing their
environmental impact.

a) Ecorobotix: Ecorobotix is a weeding
robot that uses computer vision and
machine learning algorithms to
identify and target weeds. It
autonomously navigates through the
fields and applies herbicides only to
the weeds, reducing the amount of
herbicides needed and minimizing
environmental impact.

b) The "Oz" weeding robot is a product
developed by Naio Technologies, a
French company specializing in
agricultural robotics. The Oz robot is
designed specifically for weeding
operations in row crops and vegetable
fields. It uses mechanical tools and
sensors to remove weeds from rows
of crops.

¢) Blue River Technology, now a part of
John Deere, has developed the See &
Spray system. It uses computer vision

and = machine

learning to
identify
individual
plants and
selectively

§ apply

| herbicides to

weeds,
chemical usage and

reducing
increasing efficiency.

d) The DJI Agras MG-1 is an
agricultural drone designed for crop
spraying. It has a large payload
capacity and can carry liquid
pesticides or fertilizers to spray crops

DJIAgras MG-1

Blue River Technology "II
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with  precision.
The drone's flight

path is
programmed
using GPS,
allowing for
accurate and
efficient
spraying.

Crop Monitoring and Management:

SenseFly eBee

farmers identify crop stress, monitor
growth patterns, and make informed
decisions about crop management
practices.

Monitoring crops for disease, nutrient
deficiencies, or other anomalies is a time-
consuming task for farmers. Robots
equipped with cameras and sensors can
efficiently scan fields, capturing high-
resolution images and data. These robots
can identify and analyze subtle variations
in plant color, growth patterns, and stress
indicators. By continuously monitoring
crops, farmers can promptly detect and
address issues, allowing for early
intervention and reducing crop losses.

a) AgBot II: AgBot II, developed by
Carnegie Mellon University, is a
versatile agricultural robot that can
monitor crops and perform various
tasks. Equipped with cameras,
sensors, and GPS, AgBot II can
collect data on plant health, soil
moisture, and weed presence. It can
also apply targeted treatments such as
herbicides or fertilizers to specific

Harvesting:

Harvesting is a labor-intensive process
that often faces challenges related to
workforce availability and efficiency.
Robots are increasingly being used for
harvesting fruits, vegetables, and other
crops. They can be programmed to
identify ripe produce, delicately pick and
sort it, minimizing damage and ensuring
Autonomous
harvesting robots can work around the
clock, increasing overall efficiency and

high-quality yields.

reducing labor costs.
a) Harvest CROO Robotics

developed a strawberry-picking robot
called the Berry 5. It uses robotic
arms and sensors to identify ripe
strawberries, pick them gently, and

place them in containers.
reduces the labor
strawberry harvesting.

required for

areas of the field. b) Vision Robotics has developed the
b) Rowbot: Rowbot is a robot designed Grapevine Pruner, a  robot
for precision agriculture. It can specifically designed for pruning
navigate through ‘rows of -crops, grapevines. It uses cameras and
collecting data on plant health and machine vision algorithms to identify
growth using sensors and imaging the branches to be pruned and
technology. Rowbot also has the performs the pruning operation
capability to  deliver targeted autonomously, improving efficiency
treatments, such as fertilizers, to and reducing labor costs.
specific plants or areas within a field. c) Abundant  Robotics:  Abundant
c) SenseFly eBee: The SenseFly eBee is Robotics has developed a robotic
a fixed-wing drone that is widely apple harvester. It uses computer
used for crop monitoring and vision and a robotic arm with a
mapping. It captures high-resolution vacuum gripper to identify and gently
aerial images and generates accurate harvest apples from trees. The robot
maps of crop health, vegetation can work day and night, improving
indices, and other parameters. The efficiency and reducing labor costs.
data collected by the eBee can help
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d) Octinion: Octinion has developed a
strawberry picking robot that uses
computer vision and robotic arms to
detect and pick ripe strawberries. The
robot's soft grippers handle the
delicate fruits without damaging
them, ensuring high-quality harvest.

Harvest CROO Robatics -

Limitations: =~ While  robotics in
agriculture- offers numerous advantages,
there are also certain limitations to
consider. Some of the limitations of
robotic  applications in  agriculture
include:

e [t is costlier to implement.

e Complexity in operation.

e Skilled labor required.

e Robots run with power but in India
power cut in the farming region is
more than 65%.

Conclusion:

The integration of robots in agriculture is

transforming the industry, making

farming more efficient, sustainable, and
productive. From precision farming and
weed control to crop monitoring and

harvesting, robots offer immense
potential to  optimize - agricultural
practices. They reduce labor

requirements, minimize the wuse of
chemicals, and enable data-driven
decision-making  for  farmers. As
technology continues to advance, It can
be expected further innovations in the
field of agricultural robotics, driving a
future where farming is more sustainable,
resilient, and capable of feeding the
growing global population.
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