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Application of Robots and Robotic Systems in Agriculture
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Abstract: The paper depicts agricultural robots that can perform complex tasks. Fast development and application of agricultural robotics is a result of increased development of
agricultural machinery. Robots are complex and intelligent systems with a significant role in agriculture that are becoming an integral part of both the technological and scientific
progress. The paper presents some important roles of robots and robotic systems in various agricultural areas and explains the deployment of new technologies supported by the
examples of their application in arable farming, horticulture, and forestry. Robotics application decreases the deployment of human resources, enables significant production cost
savings, and increases production capacity. The application of robotic systems facilitates high precision levels and repetition speed regarding time and space, which cannot be

replicated by farmers.
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1 INTRODUCTION

A robot usually involves an electromechanical machine
that can move, perform operations using a limb joint, feel
external stimuli, and physically affect its environment [1].
The application of robotics in agriculture has resulted in an
increased application of automated guided robots that
minimize production losses [2]. The author argues that soon
cooperative teams consisting of small autonomous
agricultural robots are bound to be present in agricultural
fields. During the last twenty years, the integration of many
autonomous vehicles, especially agricultural robots, has been
enabled based on the application of specialized sensors.
Machine vision, global positioning systems — GPS, real-time
kinematics, laser-based equipment, and inertial devices,
actuators (hydraulic cylinder, linear and rotary electrical
motors), and electronic equipment (built-in computers,
industrial PC and PLC) are components of new robots in
agriculuture [3-7]. The authors [8] claim that robotics
improves common agricultural practices, such as yield
increase, and reduces the application of environmentally
hazardous chemicals. Additionally, new agricultural robotic
systems are being developed to facilitate integration of
different technologies as well as modularity, flexibility, and
adaptability. Robotics is a new scientific and technological
dimension. The progress of technology and science
accompanied by the development of artificial intelligence as
one of the most important factors has qualified robots to
become intelligent working partners [9].

A rtobot is an electromechanical movable device
designed to perform tasks using its axes, feel external stimuli,
and to physically affect its environment [10]. Artificial
intelligence and robotics have been increasingly used to
perform tasks in specific workspace concepts with robots
becoming increasingly humanoid (like human beings with
arms and legs, a head with eyes, as well as with ‘skin’) [11].
The authors [12] claim that robotics integrates mechanics,
electronics, computer science, information systems, and
automation. Automation studies the principles and theory of
automatic control systems as well as the devices that perform
tasks without continuous human control.

As stated by the authors [13] the basic division of robots
is the division according to the degree of independence, into
industrial and autonomous mobile robots

Agricultural robots can be autonomous or semi-
autonomous systems able to move through different process
phases to solve complex problems. They have been
successfully implemented in repetitive tasks to reduce human
workload and to optimize time and cost regarding soil
preparation [13], irrigation, plant protection [14-17], pruning
[18], harvesting [19-22], surveillance and control [23-28],
and mapping [29]. According to [30], after only a year, the
introduction of robots in production processes was justified
both productionally and financially. According to [31-34],
automatization resulted in increased productivity of
agricultural machinery arising from a higher level of
efficiency, reliability and precision, and a reduction of human
intervention.

Based on the structural features of objects and the
environment, the authors [35] distinguish four groups of
robots: 1) both the environment and objects are structured; 2)
the environment is structured, whereas the objects are
unstructured; 3) the environment is structured, whereas the
objects are unstructured; 4) both the environment and the
objects are unstructured. The domain of agriculture relates to
the fourth group in which neither the environment nor the
objects are structured, which poses a challenge regarding
commercialization. The agricultural environment requires
robots to be mobile compared to most robots used in factories
or parked vehicles, whose mobility is limited. Authors [36]
in their research state that a robotic system must be cost-
effective, while at the same time safe and reliable for human
safety, environmental protection, and crops.

The author [37] claim how robots also have their
disadvantages: robots reduce the chances of employment in
the industries, human labor is no longer required in farms.
Robots can handle their prescribed tasks, but they can’t
handle unexpected situations. Robots can be a danger, this is
because no one can trust a robot as it does not have a human
brain that can think before doing anything, what ever is fed
to the robots through chips is performed if it goes wrong.
Once the machine damages, the whole farm can come into
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chaos. A high cost is needed to train employees with robots,
if the robots are ruling the work in many places, the labor is
needed to assist them, because the whole work can’t be
thrown in the ability of the robots, So, the employees need
training and that involves cost, So, a lot of money is involved
with the installation of machines in the workplace.

2 ROBOTIC OPERATING PRINCIPLES

Robots work on the principle of mobility and sensor data
collection (Fig. 1) [38]. Robot mobility is controlled by a
remote-control device, which is an RF data encoding emitter.
The remote- control consists of a keypad connected to the 8-
bit microcontroller AT89C2051. The emitter transmits the
data produced by the microcontroller. The RF receiver
microcontroller 89C51 is built in the robot and it decodes the
data sent by the remote-control. The whole robot is powered
by a battery that produces +5V of voltage for the
microcontroller, and +12V of cranking voltage [39].

A robot consists of DC motors that enable its mobility
and an RF data receiver. To move smoothly, a robot requires
sensors and controls, which manage its movement in
unknown surroundings. It usually consists of five main parts:
sensors, a controller/computer, a drive/actuator (transducer),
a robotic arm, and an end-effector [40, 41].

OUTPUT
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Sensors

Figure 1 The principle of operation of the robot
(Source: Nepalla Choudary)
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Figure 2 Controller (Source: https://www.elabpeers.com)
(1-mini USB, 2-chip VCC, 3-GND, 4-servo VCC, 5-WIFI, 6-AD input, 7-channel 21-31 servo
motor, 8-CPU 32 bit, 9-channel 13-20 servo motor, 10-servo controlling signal, 11-channel 1-12

servo motor, 12-UART)

Sensors send data in the format of electronic signals back
to the controller. They provide the robot controller with the
data from the environment. The most often built-in sensors
in robots are the following: a microphone, an ultrasound

sensor, an acoustic vector sensor, a camera, an infrared
sensor, and a sensor for detection of specific chemicals.
Robots can be transformed and programmed so that the
collected data surpass the five human senses. A controller or
computer, which is a term found in common use, is the
robot’s brain. It supports the connection between a robot and
other systems so that it can cooperate with other devices,
processes, or robots (Fig. 2).

An actuator is a mechanical device that produces motion.
There are different types of actuators and the most often used
are a hydraulic, pneumatic, DC, and servomotor as well as a
stepper (Fig. 3).

Pneumatic motor

v

DC Motor Servo motor
Figure 3 Actuators (Source: N.Nagarjuna Reddy)

An agrobot consists of a DC motor with an H-bridge
electronic circuit that enables a change of the voltage
polarity. The installation of the H-bridge results in forward
and backward locomotion of the DC motor through the
connection and disconnection of the S1-S4 assembly (Fig. 4).
A robotic arm is a robot part that sets the end effectors and
sensors to perform the tasks programmed in advance. The
robotic arm looks like a human arm and it has a shoulder, an
elbow, a joint, and fingers. The end effectors are the robot’s
last link (i.e., the end) of the robot.

} S1 S3 /

S2 54

Figure 4 Structure of an H bridge
(Source: http://eleccomponentz.blogspot.com)
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Tools are attached to this endpoint. In a wider sense, the
end-effectors can be considered a robotic part that affects the
working environment. As agricultural production is
concerned, the most often used effectors are a pincher (Fig.
5) which is used in research [42] and a vacuum pump (Fig.
6).

Figure 5 Grippe arm (Source: Font Davinia)

Figure 6 Vacuum pump
(Source: https://lwww.therobotreport.com)

Robots are increasingly used in agriculture for pest
control, where it is necessary to perform plant protection
following specific safety rules regarding the human operator.
A robot named Agrobot was constructed for the research of
authors [43] to protect crops and farmers’ health. Agrobot is
a remotely controlled robot used for the application of
protective chemicals both indoors and outdoors (Fig. 7).

5 h

Figure 7 Agrobot (Sourcé: http://roicé.é-e.pusan.ac.kr/)

It consists of a keypad, a microcontroller, a battery, DC
motors, an RF receiver, a pneumatic compressor, a container
for air and protective chemicals, wheels, and a frame. The
block diagram shows its working principle (Fig. 8) [44].
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Figure 8 Block diagram of working
(Source: Ashvin Jankhaniya [43])

3 ROBOTIC SYSTEMS

Robots and robotics have facilitated the introduction of
‘farms of the future’, where robots perform difficult tasks
once done by people (Fig. 9). Robots have been increasingly
used in plant protection due to their ability to exclusively
target the area affected by pest or illness, instead of the whole
area. Apart from agriculture, robots have been used in
forestry, protected areas, and horticulture, in which areas the
use of the robotic arm is significant (Fig. 10). The robot
known as Demeter has been increasingly used for harvesting.
It has two cameras that can distinguish between the ripe crop
and other plants. Additionally, it can drive, manage, and
manipulate the harvester head allowing the driver to focus on
other tasks. Finally, its major advantage is a high accuracy of
3 centimetres.

Figure 9 Future farms (Source: https://www.istockphoto.com [45])
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Furthermore, weed detecting and removing robot has
been widely applied. A four-wheel drive weed detecting
robot was developed by the Danish Centre for Economic and
Business Research. The purpose of the weeding device is to
remove and destroy weed. An intelligent ‘hoe’ uses the vision
system to detect crop rows by positioning itself precisely
between them, which decreases the use of herbicides. The
process itself is based on colour photography. The robot can
destroy weed promptly by determining the position and the
level of weed development in crops. Contactless methods
have been increasingly used including laser treatments and
micro sprayers, which deploy machine vision and nozzles.

Demter ) Arm pick-up
Figure 10 Robot types (Source: N.Nagarjuna Reddy)

ARA robot is a Swiss robot that with the help of artificial
intelligence and solar drive (Fig. 11) can move independently
through the field, detect weeds and then target it, with less
use of herbicides and thus reduce the total use of herbicides
by as much as 20 times on an area of 7.5 hectares per day.
The Ara robot moves independently through the field with
the help of a camera, GPS sensor, and a solar drive that
allows it 12 hours of independent work. It covers the ground
only by placing bearings and positioning with the help of a
camera, GPS RTK, and sensors. Vision system allows to
track crop rows and detect the presence and position of weeds
in and between rows. Two robotic arms then apply a
microdose of herbicide, systematically targeting the detected
weeds [47].

: ftps. wwecoro otix.com [47])

Apart from robots, a robotic suit has been of great help
in agriculture. This latest technology connects the man to a
robotic system, i.e., the man wears the suit. The robotic suit
is designed for difficult agricultural tasks, such as frequent

harvesting of radish. The suit has eight motors set across
shoulders, elbows, back, and knees to provide the carrier with
more strength. The current model weighs 26 kilograms (Fig.
12).

Figure 12 Ag (Source: Toyama Lab [46])

Robots substitute human labour and ensure a fast return
on investment. They are increasingly useful in situations that
present health and safety hazards. The research [48] cites that
robotic systems must be both economically efficient as well
as safe and reliable regarding people, environment, and
crops. The authors [49] argue that robot application decreases
human labour and increases productivity. Additionally, it
decreases yield loss. It is of special importance that in cases
when robots use certain programmes to create practical
recommendations or when they perform specific agricultural
tasks, the level of environmental protection and human safety
increases.

In Frence was invented the first autonomous electric
weed control robot powered by commercial farms. The Oz
robot (Fig. 13) is designed for application in small gardens,
Dino (Fig. 14) is used for large vegetable crops, and Ted (Fig.
15) for vineyards and orchards and can cover up to 10 acres
per day.

Figure 13 Robot Oz (Source: www.nio-technologies.com [50])

(

Oz is a self-contained robot that has four 110 W electric
motors and four drive wheels. With its use, weed control is
significantly easier and simpler, because it has a high degree
of precision, and since it works on an electric motor, it does
not produce exhaust gases. Dino has been used on a variety
of crops such as lettuce, tomatoes, garlic, cabbage, pepper
and celery and in a variety of soil conditions. The Dino robot
can work between 6 to 8 hours, depending on soil conditions
and how many tools it used at the same time. The robots have
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their own navigation system so that it can be used for various
types of crops [50].

G 3
Figure 15 Robot Ted (Source: www.naio-technologies.com [50])

One of the newer smaller weed removal robots is the
Tertill. Tertill consists of sensors, weed cutters, solar panel,
speakers, robot status indicator, power button, handle, and
extreme wheels (Fig. 16).

robot status wheels
indicator
on button
speaker
handle
weed cutter BROzer
solar panel

Figure 16 Tertill robot parts (Source: https://tertill.com)

Figure 17 Robot Tertil (Sorce: https://gtche.com/oduc tertill-robot/)

The working principle is on the simple understanding
that plants are long and weeds so anything below 2 inches is
a weed. He walks through the field looking for weeds, then

cuts them with a rotating nylon cutter. The solar panel and
cell use sunlight for electricity and give the necessary power
to the robot (Fig. 17) [51].

A pre-commercial electric robot for strawberry
harvesting has been developed in Spain. It has own real time
Al and integrated color and infrared depth sensors to capture
harvest details. From a customizable mobile platform (Fig.
18), 24 robotic manipulators together harvest only those
fruits that meet agricultural quality standards [52].

Figure 18 Robot Agrobot (Source: https://lwww.agrobot.com/e-series/ [52])

For harvesting sweet pepper was developed a prototype
robotic harvester Harvey (Fig. 19). Using geometry model to
get location, computer algorithms and grippers robot manage
and detach pepper from plant [53]. Using very similar
working principle a robot Sweeper works (Fig. 20). It has
RGB-D camera, algorithm Blob detection, pixel based
routine and SSD detector (Single Shot Detector) [54].

Figure 20 Robot Sweeper (Source: http://www.sweeper-robot.eu/ [54)]

For the plant protection agricultural robot Bonirob has
important role. Bonirob (Fig. 21) automates and speeds up
analysis. The robot uses video and lidar (3D MEMS lidar,
Nippon signal) based positioning as well as satellite
navigation to find its way around the fields with RTK. All
hardware is connect to main navigation control unit (Fig. 22)
[55, 56].

For the thai-style dairy farms for milking is designed
robot RoboMax (Fig. 23). It goes from cow to cow making
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possible 3 milking a day at regular intervals. Robotic arm
cleans the cows teats individually. Laser guided system
confirms exact positioning of each teat before attachment
teat. Teat cups are attached one bye one and the milk from
each quarter is analyzed separately. The milk is monitored to
detect contamination providiny precise results on the
quantity and quality of milk produced. It has remote access
so farmer can be informed on a state and performance of the
robot [57].

Figure 21 Robot Bonirob (Source: https://linx-global.com [55)]

RTK-GPS (Optional)
USB / Serial
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Intel Atom fanless embedded PC

Ethernet /
TCP-IP

“? 8 WLAN AP with
Inertial sensor box outdoor antenna D-

(XSens) BoniRob network Link ANT24-0800

Figure 22 Navigation system hardware Bonirob (Source:
https://www.cs.cmu.edu/search/site/robotics ?page=1 [56)]
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touchscreens
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Arm movement with
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Figure 23 Robot RoboMax (Source: https://milkomax.com/en/robomax/ [57)]

4 CONCLUSIONS

The paper depicts a way in which future agricultural
production can be automated. Even though the current

agrotechnical operations can be performed by people, there
is a growing demand for high efficiency in large production
areas. The application of robots, robotic systems, and
autonomous devices results in a decrease of work operations.

The development of robots has been gradual and the
whole concept requires a change in the way of deployment of
agricultural machinery, especially the adoption of new ways
and approaches.

There are multiple advantages of robotics application in
agriculture, such as control and reduction of costs, which
have been high until now. Hard and hazardous agricultural
tasks justify the use of robots. The rapid development of
agricultural robots is based on sensors and the application of
artificial intelligence. Furthermore, strenuous work, such as
fast and repetitive decision making in fruit picking, can be
replaced. A key advantage of robots is that they can perform
in conditions in which people cannot ensure good work
quality, such as in dark spaces, which can negatively affect
quality, productivity, and profit. The use of robots in
agriculture fulfils all economic and time management
principles that people fail to accomplish.

The main disadvantages of robots are reducing the
chances of employment in the industries, farms don’t need
human labor, robots can’t manage in unexpected situations.
There is always a chance for machine damages so farms can
easily come under chaos. Training costs of employees to
work with robots and the installation of machines in the
workplace are very high.
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