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Multi-Tasking Agri-Bot for Integrated Field and Lawn Operations:

An Experimental Study

V. Prabhu’, V. Harinath?, S. Jayachandran?, S. Leo Jerry’ and P. Jagadeesh’

ABSTRACT

The present systems for irrigation and lawn upkeep
have inefficient water consumption, poor coverage,
no automation, which contributes to resource loss
and productivity decline. This specific work meets
these eco-friendly agricultural innovations shortcom-
ings through the integration of eco-seeding, eco-irri-
gation, eco-pesticide spraying, and eco-mowing into
one system. Agri-Bot has sophisticated features that
enable it to function independently by planting crops,
irrigating, pesticide spraying, and mowing lawns. By
default, the robot with an ultrasonic sensor is capable
of steering and avoiding blockages without being led
through set routes. Furthermore, its ability to capture
solar energy renders it free from climatic conditions to
provide reliable eco-friendly farming. Further, the unit
is controlled through a custom developed native appli-
cation that is multilingual, includes voice recognition,
and is designed to extend user experience. This kind
of multifunctional unit eases the farmers work burden
and reduces human resource dependency for farming
tasks. The Agri-Bot is constructed to be automated and
operational in farming which increases the degree of
control and farming sustainability. Its integration of
various sensors and actuators provides the capability
to accomplish many tasks accurately and consistently
over a large tract of land.

Keywords: Multi-task agricultural robot, Solar-powered
precision farming, Ultrasonic obstacle avoidance, Inte-
grated seeding—irrigation—spraying, Bluetooth multi-
lingual control

Introduction

Historically, farming practices in agriculture have re-
quired manual work during every step of the farming
cycle, which has caused inefficiency and a lack of pro-
ductivity.! The seeds’ placement is a procedure that
captures the essence of manpower and its wasteful-
ness, for it takes a long time to do correctly and neg-
atively affects the yield because of inconsistency and
human error. Moreover, basic irrigation systems, whether
automatic or manual, tend to overwater or underwater
the crops, causing them not to grow optimally. The
hand-held method of applying pesticides worsens the
issue by endangering the crops as well as the environ-
ment and farmers. Furthermore, hand-held methods
of maintaining grass for fields highlight the consider-
able balance of human resources and time allocated to
manual work.? Although farming practices have histor-
ically been done in this manner, these methods are ex-
pensive, time-consuming, and challenging to perform
on a larger scale. Therefore, enhanced operational effi-
ciency, lowered labor, and a higher degree of sustain-
ability in agricultural methods indicate a shortage of
farm machinery.

An automated multi-task robot is an invention that
seeks to enhance farming systems by automating
essential tasks. The robot is capable of performing
tasks such as seeding, irrigation, pesticide application,
and lawn maintenance, requiring minimal human
oversight. It is a method that enhances proper planting
by accurately spraying the seeds on designated areas
and adequately hydrating the plants using automated
sprinklers.’ Furthermore, it has a grass-cutting feature
that makes it suitable for both lawns and fields.
Thanks to the ultrasonic sensors, the robot effortlessly
navigates through various dimensions in the fields,
avoiding collisions even in crowded or narrow spaces.
As an improvement, the farming system is user-
friendly and can be utilized in multiple languages,
simplifying the work for farmers regardless of their
cultural or linguistic background. Additionally, the
sand-settling process for the soil after planting seeds
enhances its conditions for improved germination and
stronger crop and also close the sand after implanting
seeds with water.”

Robotic systems are now able to perform pest con-
trol, ecological monitoring, and other agricultural
functions owing to the recent advancements in the field
of robotics. Scouting and pest control have become far
easier for farmers with the use of robotic bots such as
climatic bots that enable real time analysis and deci-
sion making. Additionally, these robotic bots can also
fetch relevant data like soil moisture and temperature
to assist farmers to manage crops better and maximize
yields.” Furthermore, the power-efficient architecture
of these robots enable them to work in low power re-
source regions including remote and off the grid farms.
This paper proposes a multi-functional robot that au-
tonomously integrates other robot functions such as
seeding, irrigation, pesticide spraying, and lawn mow-
ing into one machine. The Agri-Bot is designed to tack-
le inefficiency of labor in conjunction with negative
impacts on the environment, which means that it is not
only practical by saving time, but also environmentally
friendly, hence more efficient in sustainable agricul-
ture in different practices.

Current Works

The research focuses on the difficulties associated
with employing human-operated sprayers, which
are bulky, unstable, and challenging to handle in or-
chards. The suggested solution is to substitute these
sprayers with lighter, more advanced robots."? One of
the main objectives of the study is the implementation
of a Multi-Robot System (MRS) for pesticide spraying,
which seeks to enhance efficiency and decrease ex-
penses by enabling multiple robots to collaborate in a
vast orchard. By implementing this approach, the need
for direct robot communication is minimized, allowing
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each robot to function autonomously within its desig-
nated space. The study emphasizes the significance of
task distribution and collaboration, emphasizing that
the Multi-Robot Task Allocation (MRTA) process is flu-
id and should be adapted as the environment evolves
where the task allocation is controlled through the mo-
bile application.’

A new solution in precision farming illustrates
its prospects by showing various robotic and multi-
sensor technologies for agricultural purposes:
sowing, seeding, harvesting, and crop maintenance.”
The importance of precision in navigation and sensor
fusion within the context of the operational task of
agricultural robotics, where robots must operate in real-
time in a constantly changing environment and handle
various sensors. One significant issue that the study
brought to light is the lack of standards for essential
robotic components, which often arises due to the
closed-end proprietary nature of the design process.”*
This fragmentation of the device selection and flexible
mechanization of robotic systems is tailored to meet the
specific needs of the farms. The article, The Findings
of the Horizon 2020 Agriculture Interoperability and
Analysis System (ATLAS) Project, asserts that it can
address current challenges by implementing an open,
flexible, and distributed interoperability network.” This
network enables a wide range of sensors, machines,
and analytical services to be seamlessly integrated and
subsequently facilitates communication between those
platforms and the sharing of information.

Proposed Methodology

An automated multi-task robot designed for seeding,
irrigation, pest control, and lawn care, with the goal of
enhancing agricultural productivity.

Our farmer’s assistant robot integrates all the essen-
tial components of the agricultural system into a single
device, as it sows seeds, regulates irrigation, safeguards
against harmful animals, and maintains a tidy and
well-kept lawn. The precise placement of seeds at the
optimal depth and distance from each other ensures
optimal germination. The smart watering system also
delivers water according to the needs of the plants, thus
conserving it. By focusing the application of pesticide in
specific areas where only certain plants need to be elim-
inated, the amount of pesticide pollution is reduced.
Additionally, the robotic device can also mow and
trim the grass, making it a versatile tool for managing
the user’s lawn as shown in Figure 1. Additionally,
the specific multilingual application enables seamless
interaction as the robot responds to text commands in
multiple languages, making it more user-friendly.®

A. Automated Irrigation and Lawn Care Systems

e Automated irrigation and lawn care systems have
transformed agriculture by ensuring consistent
and accurate moisture levels for crops, minimizing
labor expenses, and saving time.

e These systems guarantee that plants receive the
appropriate amount of water at the right time,
avoiding both overwatering and drought stress.

Solar Panel
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Fig 1 | Work flow diagram of multi-task Agri-bot

e In addition to irrigation, automated lawn care
systems ensure a well-maintained landscape by
trimming the grass when it reaches a predetermined
height, reducing the need for manual lawn care.

B. Seeding and Sand Settling Systems

e With aided technology, the seeding and spreading
of sand system guarantees all seeds and soil nutri-
ents are uniformly placed.

¢ This process enhances the soil quality and subse-
quently brings about the perfect environment for
crops to flourish.

e Having the automation systems integrated makes
the agricultural activities easier while effectively
guaranteeing healthy crops, beautiful lawns, and
consistent outcomes without much human activity.’

The integration of Bluetooth technology into the sys-
tem enables users to access and utilize power through
tablets, computers, and mobile devices. This guaran-
tees effective management of extensive operations
because the users can remotely monitor irrigation,
lawn care, and soil systems from a desired distance.
Bluetooth technology simplifies the process of mak-
ing adjustments, resulting in increased efficiency in
the cordless operation of the system. Furthermore, in-
corporating ultrasonic sensors and machine learning
algorithms into the navigation strategies of robotic
systems ensures that they can navigate autonomous-
ly in fields without human intervention as shown in
Figure 2. These sensors aid the robots in navigating
through challenging terrains and obstacles such as
boulders, trees, and uneven surfaces, expanding their
applicability in diverse settings. These modifications to
the system greatly enhance its abilities while reducing
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the physical effort required during operation, resulting
in an automated farming process."

It is an Arduino Uno R3 ATmega328P which is re-
sponsible for the control and regulation of all activ-
ities of the Automated Multi-Task Robot while also
responding to environmental stimuli that is the brain
of the robot. The robot measures distance to such ob-
stacles with the help of ultrasonic sensors as shown in
(see Fig. 2) which in turn enables it to move around
without colliding into any objects.

The provided support of strong control coupled with
rapid movement is enabled by the operation of the DC
motors through the motor driver. This holistic con-
struct is what allows the robot to carry out a number
of different functions like seeding, pest control, etc.
with no possibility of collision. Thus, this robot is able
to boost productivity in agriculture while at the same
time, streamline processes.

Elements such as energy efficiency play a crucial
role in improving the robot’s efficiency and effective-
ness. Because the robots utilize sophisticated battery
systems, they can effectively manage their energy us-
age, prolonging the duration the robots are operation-
al while also preventing unnecessary recharging. By
minimizing operational downtime and preventing un-
necessary energy wastage, the processes become more
environmentally friendly. The scalability of this archi-
tecture enhances its flexibility, allowing it to operate
in expansive agricultural regions and coordinate the
work of multiple robots simultaneously. This feature
guarantees that extensive tasks can be accomplished
with exceptional efficiency while minimizing human
involvement as shown in Figure 2. Additionally, the
system is built to support multiple languages, enhanc-
ing its usability for users from various regions of the
world." This feature enhances user comfort by remov-
ing language barriers, enabling effective communica-
tion and comprehension. In summary, these modifi-
cations enable the development of highly advanced,
efficient, and user-friendly automated systems that can
be utilized in any agricultural region, regardless of its
size.

The workflow commences with the sensors contin-
uously monitoring the surroundings, gathering infor-
mation like distance, temperature, or fluid levels. The
Arduino Uno R3 ATmega328P analyses the collect-
ed data, and using predetermined logic, it regulates
the actuators, such as the DC motor, DC servo motor,
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Fig 2 | Autonomous navigation and obstacle avoidance
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or water pump. For instance, if the ultrasonic sensor
detects an object within its range, the system may halt
the motor or execute a specific action as shown in
Figure 3. The Bluetooth module enables users to con-
trol the system remotely through the Android app,
granting them the ability to modify settings or access
real-time data from any location within the Bluetooth
range.

The suggested system not only motivates farmers to
adopt modern agricultural methods but also greatly
increases the productivity of farming. Traditional meth-
ods of farming are greatly reduced due to the controlled
raising of temperature, light, humidity, and atmospheric
pressure, which creates an optimal growing environment.
This allows for more efficient sustainable agriculture with
lower carbon footprints that aid the economy. '

Moreover, increased mechanization of farming pro-
cesses enhances general productivity due to reduced
man power and removed human error. This coupled
with the system’s ability to enforce proper maintenance
of crops distinctly improves productivity. Also, the fea-
tures of the platform ensure that crops are not overwa-
tered or neglected by adjusting operating procedures
in real-time, therefore crops always get the care they
need. The combination of technology and automation
helps achieve a sustainable, effective, and highly effi-
cient agricultural methodology that propounds the fu-
ture of precision farming.

Experimental Setup
Like an Android smartphone, the HC-05 Bluetooth
Module makes it possible to establish wireless links
to external devices enabling communication with the
Arduino Uno R3 ATmega328P. Users can command
the Arduino from the mobile app and get information
like sensor and status of the system in return, allowing
control over the system to be done remotely. This auto-
mated communication enables the user to control the
motor, sensor and pumps at the desired time and place.
A DC motor drives a water pump that handles liquids
by circulating or as with irrigation-automatically shift-
ing water in or out of an area around a set point. For
instance, the pump can be set to supply water to the
plants, which will happen once the dirt has moisture
lower than a set point value. Many applications require
the transfer of fluids such as irrigation, cooling or other
processes where liquid is moved (Figure 4). The pump
serves this purpose and is thus very functional which

12V
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Fig 3 | Automated seeding and irrigation system
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Fig 5 | Assembly setup

makes the system workflow begins with the sensors con-
stantly monitoring the environment, collecting data such
as distance, temperature, or fluid levels."”” The Arduino
Uno R3 ATmega328P processes this data, and based on
predefined logic, it controls the actuators such as the DC
Motor, DC Servo Motor, or Water Pump (Figure 5).

Empirical Results

The Flutter application is a Bluetooth controller that
enables users to connect with Bluetooth devices and
execute various commands for different functions.
When the application starts, it requests the necessary

permissions for Bluetooth usage and checks if
Bluetooth is currently enabled on the device where
the application is made of flutter framework using the
android studio with the (Java Development kit) JDK
Integrated.

Nearby devices can be connected and displayed in
a list. Once the connections are established, a control
panel appears with buttons that allow you to send
commands for up, down, left, right, stop movements,
and switches that enable the operation of pumps and
the dispensing of seeds as shown in (see Fig. 6), among
other functions. The application is also designed to
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accommodate and support other languages such as
Tamil, Telugu, Hindi, Kannada, and Malayalam with
an option of choosing from a pull-down menu located
in the app bar.

This application has also a comprehensive user feed-
back section where, sitting remotely, users can receive
status updates from devices that have already been
connected, allowing for control. Furthermore, to im-
prove control ease, there is a panel with settings that
allows alteration of the layout and modification of the
control command intervals to the relevant devices.

The safety of the data is guaranteed by the appli-
cation through the controlled and authenticated con-
nections with the Bluetooth equipment. Users are
provided with an option to easily log out of the devices
at their own convenience, while the application is ca-
pable of scanning for the other devices that are within
range upon reactivation of the Bluetooth system. With
its intuitive design, this Bluetooth controller app is ac-
cessible and relevant across multiple regions and lan-
guages, offering support for numerous languages."

The Multi-Task AgriBot is powered by the 10 W 12 V
Polycrystalline Solar Panel as shown in (see Fig. 7),
which provides good energy conversion efficiency.
Its compact size guarantees performance in different
environments. Depending on the sunlight intensity,
the charging times differ: roughly 3.5 hours during the
morning, 2 hours at noon, and around 5.4 hours in the
evening. This flexibility allows the AgriBot to sustain

755
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its power for farming activities throughout the entire
day.

The Multi-Task AgriBot is powered by a 12 V, 1.3 Ah
Sealed Lead-Acid Battery as shown in (see Fig. 8),
which delivers consistent energy and has an enduring
performance at diverse temperatures due to its rugged
ABS shell. Depending on the load the battery is
discharging, it takes 6.5 hours at 0.2 A, 2.6 hours at
0.5 A, and 1.3 hours at 1.0 A. With such dependable
power, the AgriBot is capable of completing operations
like irrigation, seeding, and navigation without
interruption.

An Automated multi-task robot that shows great
functionality in executing diverse agricultural tasks,
meaning more efficiency and autonomy in fieldwork,
with a focus on seeding and irrigation systems, sand
settling, and a grass cutting mechanism, all of which
function reliably as intended at the desired tasks. The
purpose of seeding is to strategically place seeds in
specific locations to guarantee optimal planting cover-
age and uniform crop growth. The irrigation system is
designed to regulate water distribution, ensuring that
plants receive sufficient water without any unneces-
sary wastage. Additionally, regular grass-cutting will
alleviate the workload of individuals involved in main-
taining lawns and fields."

Bluetooth communication in the Multi-Task AgriBot
enables control commands to be transmitted between
the mobile app and the robot. The transmission time

w0 4 26%3
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Device status is 2

~
e e Up 753 we, N
58 Agri-Bot Application  Engih @ % Agri-Bot Application  Hndi ]

Device stgham s 0 Cwdemetye 67
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Fig 6 | Android application
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Fig 9 | Bluetooth transmission time vs message size

depends on message size, as shown in (see Fig. 9),
which low latency

For example, a short command like “SON” (3
bytes) takes about 2.5 ms, while a longer command
like “seeding ON” (10 bytes) takes around 8.33 ms.

Optimizing message sizes ensures faster, more
responsive communication, improving control precision
and task execution in real-time operations.'®

One aspect which needs special attention is the
formation of sandy soil following sowing, which is
important in the advancement of soil structure and
results in better crop germination. As illustrated in
(see Fig. 10), the advanced multi-tasking functional-
ities of an Agri-bot includes soil moisture detection,
irrigation, and planting using the remnants of water
from other cultivations. Along with other features he
has so far mastered basic robotics with the new mo-
bile application, designed for speakers of different
languages which gives everyone the chance to control
the robot without worrying about the language. The
built-in accessible voice control with multi-language
interface of the application provides the possibility for
users to control the operations and functions of the
robot with any language which increases the scope of
people who can use this system."’

One exceptional feature of the robot is its automa-
tion of soil preparation, especially sand spreading to
improve the soil texture. This results in better water
retention and air circulation, which is ideal for seed
germination. The robot enhances soil quality by en-
suring uniform conditions which leads to better crop
yield. In addition, the robot has a built-in ultrasonic
sensor obstacle avoidance system that allows for unob-
structed movement throughout the field (see Fig. 10).
This eliminates workflow interruptions, ensuring that
work progress is constant. The system is made acces-
sible from different cultural backgrounds by a multi-
lingual mobile application to control the robot with
ease."®

With an advanced level of functionality, an auton-
omous multi-tasking robotic system brings together
farming as well as other secondary activities and in-
tegrates autonomous systems, which helps in greatly
lowering soperational risks while ensuring optimum
sustainability for existing agricultural practices.

By incorporating a specialized multi-language ap-
plication, user participation is enhanced as operators
from diverse language backgrounds can effortlessly
operate and personalize the robot’s various functions.
This inclusive approach to design expands the robot’s
potential in multilingual communities, allowing a larg-
er number of farmers to benefit from the automation
of essential farming tasks. The robot combines various

Fig 10 | Final model of multi-tasking Agri-bot
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features into a single platform, providing a compre-
hensive and organized view of agriculture. This inte-
gration enhances productivity, reduces physical input,
and promotes sustainability and efficiency in farming
practices.

Conclusion

Irrigation-oriented robots promisingly reinvent pre-
cision farming as they are capable of tracking crucial
factors such as soil moisture, temperature, and nutri-
ent balance, because of which real-time mapping of the
crops can be done by the farmers in order to formulate
and implement better and more productive farming
strategies. By utilizing sensors, the robot is capable of
providing comprehensive care for the crops, resulting
in increased efficiency and minimized waste. As a re-
sult of these advancements, farming will become more
sustainable by enhancing the health and productiv-
ity of crops while minimizing pollution generated by
the agricultural industry. This feature assists a farmer
in addressing any pest or infection- related problems
before they escalate into serious issues. Additionally,
the automated feature of the irrigation control system
guarantees that the appropriate crops receive the nec-
essary water at the appropriate time.

When the sensor detects the need for irrigation, it
is promptly carried out. This practice conserves water
and prevents unnecessary expenses while also pro-
moting the optimal growth of the plants. As a result,
these advancements significantly improve agricultural
practices, increase productivity, and are beneficial for
the environment. The adoption of modern technology
such as automated lawn care and irrigation systems
is augmenting the farming industry, facilitating even
greater hikes in crop production. For example, sen-
sors installed on crops and soil can gauge the real-time
weather conditions, taking into account factors like
temperature, moisture level, and nutrient levels, which
allow these systems to distribute an adequate amount
of water to the plants so that there is maximum effi-
ciency and little wastage.

Robotics and automation work wonders around con-
trolling plant conditions, ensuring no waterlogging
or drought occurs, as both can be highly detrimental
to crop yield. Such systems and sensors are capable
of monitoring soil health and moisture levels, which
then allows greater insight to farmers, placing them
in a better position to make adequate data- driven de-
cisions that ensure optimal plant health and growth.
Such high-quality data greatly facilitates farmers to
accurately assess the correct amount of fertilizer to
apply, reducing the chance of both nutrient overload
and nutrient deficiency. All of this combined ultimately
ensures that water and nutrient usage is sustainable
and the quality of the crops is enhanced while simulta-
neously ensuring negative effects on the environment
are minimized.
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