Published by :
https://lwww.ijert.org/
An International Peer-Reviewed Jour nal

International Journal of Engineering Research & Technology (IJERT)
| SSN: 2278-0181
Vol. 15 Issue 05, May - 2026

Smart Agricultural Robot

M. Divyadharshini
Department of Electrical and
Electronics Engineering
M.A.M College of Engineering and Technology
Trichy, TamilNadu, India

M. Abinesh
Department of Electrical and
Electronics Engineering
M.A.M College of Engineering and
Technology. Trichy, TamilNadu, India

Abstract - Smart agriculture is an approach that helps farmers
manage their fields in an easier and more efficient way by using
modern electronic devices. In this project, a smart agriculture
system is developed to monitor and control different farming
conditions automatically. The system mainly focuses on observing
soil moisture, temperature, humidity, and crop condition using
sensors. These sensors continuously collect data from the field and
give updated information to the user. Based on this data, the farmer
can make correct decisions about watering and crop management
without visiting the field frequently. The system also includes
automatic control of water supply through pumps and valves.
When the soil moisture becomes low, the system turns on the water
pump and switches it off once the required moisture level is
reached. This avoids over-irrigation and wastage of water. The
farmer can also operate and monitor the system from a remote
place using a mobile application, which reduces physical labor and
saves time.By using this system, resources such as water, electricity,
and fertilizers are used in a proper and planned manner. This
supports sustainable farming and reduces environmental damage.
It also helps in maintaining good crop growth and increasing
overall yield because the plants receive the right amount of water
and suitable conditions at the right time. The system is simple, cost-
effective, and suitable for small as well as large farms.

Keywords - ESP32-Espressif Systems, LoRa- LoRa-Based Long-
Range Communication, GSM- Global System for Mobile
Communications.

I. INTRODUCTION

Agriculture plays a major role in supporting human life, as
it provides food, raw materials, and employment to a large part
of the population. In many regions, farming is still carried out
using traditional methods, where most of the activities such as
irrigation, field observation, and crop monitoring are done
manually. These methods require continuous physical effort and
a large amount of time from the farmer. Due to irregular
watering, lack of timely monitoring, and inefficient use of
resources, crop productivity often decreases and farmers face
economic loss. To overcome these problems, the introduction of
technology into agriculture has become necessary.Smart
agriculture is a modern concept that uses sensors, controllers,
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and communication systems to assist farmers in managing their
fields. Instead of visiting the field repeatedly to check
conditions, the farmer can get accurate information about soil
moisture, temperature, and other environmental parameters
automatically. These values help in understanding the needs of
the crops at the right time. Automation in irrigation ensures that
crops receive the correct amount of water, preventing both over-
watering and under-watering, which are common issues in
conventional farming.

II. LITERATURE REVIEW

The advancement of smart agriculture has been driven by the
integration of Internet of Things (IoT), wireless sensor
networks, robotics, and intelligent algorithms. These
technologies aim to improve agricultural productivity, reduce
manual labor, and optimize the use of resources such as water
and energy.

Early research focused on IoT-based monitoring systems for
agriculture. Ray et al. [1] proposed a smart agriculture
framework that enables real-time monitoring and control of
farming activities using IoT devices. Similarly, Gutierrez et al.
[2] developed an automated irrigation system using wireless
sensor networks, which significantly improved water efficiency
by supplying water based on soil moisture levels. The concept
of IoT introduced by Ashton [3] laid the foundation for such
smart systems, enabling communication between devices and
remote monitoring.

Agricultural robotics has emerged as a key solution for
automating farming operations. Duckett et al. [6] discussed the
future potential of agricultural robots in performing tasks such
as seeding, harvesting, and irrigation. Bechar and Vigneault [8]
highlighted the role of robots in improving operational
efficiency and reducing labor dependency. Zhang [5] presented
the development and challenges associated with agricultural
robots, emphasizing the need for cost-effective and scalable
solutions. Bac et al. [7] demonstrated the use of robotic systems
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for harvesting high-value crops, proving the feasibility of
automation in agriculture.

Sensor technologies play a crucial role in precision agriculture.
Wang et al. [9] explored the use of wireless sensors for
monitoring environmental conditions in agricultural fields.
Dubey et al. [10] emphasized the importance of sensor-based
precision agriculture for improving crop yield and resource
utilization. Kumar et al. [11] proposed an IoT-based soil
moisture monitoring system that enhances irrigation efficiency
and reduces water wastage.

Recent research has incorporated artificial intelligence and
machine learning techniques to enhance decision-making in
agriculture. Kamilaris and Prenafeta-Boldu [12] reviewed deep
learning applications in agriculture, including crop disease
detection and yield prediction. Liakos et al. [13] provided a
comprehensive overview of machine learning techniques used
in smart farming. Ramesh et al. [14] developed machine
learning models for crop prediction, improving farming
accuracy and productivity.

Automation in irrigation systems has also seen significant
advancements. Kim et al. [15] proposed a smart irrigation
system using IoT that minimizes human intervention and
ensures efficient water usage. Srivastava et al. [16] developed a
microcontroller-based irrigation system that automates water
supply based on environmental conditions. Ndzi et al. [17]
introduced IoT-based water management systems that improve
resource utilization.

Communication technologies such as Wi-Fi, LoRa, and GSM
are essential for reliable data transmission in agricultural
environments. Raza et al. [18] discussed Low Power Wide Area
Networks (LPWAN) for IoT applications, which enable long-
range communication with low power consumption. ESP32-
based systems [20] provide cost-effective and efficient solutions
for implementing loT-based agricultural automation.

Overall, the literature indicates that the integration of IoT,
robotics, sensors, and intelligent algorithms plays a vital role in
modernizing agriculture. However, challenges such as cost,
scalability, energy consumption, and environmental
adaptability still need to be addressed. The proposed Smart
Agricultural Robot aims to overcome these limitations by
providing a simple, cost-effective, and efficient solution for
real-time monitoring and automated irrigation.

ITII. RELATED WORK

Agricultural automation has gained attention due to increasing
demand for efficiency. IoT-based systems such as those
proposed by Ray et al. [1] and Gutierrez et al. [2] enable real-
time monitoring and irrigation control. Ashton [3] introduced
the concept of 10T, which is widely applied in smart farming.

Agricultural robotics plays a major role in automation. Duckett
et al. [6] and Bechar et al. [8] discussed robotic applications in
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farming, while Zhang [5] highlighted development challenges.
Bac et al. [7] demonstrated robotic harvesting systems.
Sensor-based monitoring improves precision agriculture. Wang
et al. [9] and Dubey et al. [10] discussed wireless sensor usage,
while Kumar et al. [11] focused on soil moisture monitoring.
Al-based approaches enhance decision-making. Kamilaris et al.
[12] and Liakos et al. [13] reviewed machine learning
applications, while Ramesh et al. [14] proposed crop prediction
models.

Automation in irrigation has been explored by Kim et al. [15]
and Srivastava et al. [16]. Communication technologies such as
LPWAN [18] and ESP32 [20] support IoT-based agricultural
systems.

IV. OBJECTIVES

The main objective of this project is to develop a smart
agriculture system that helps farmers monitor and control
farming activities in an easy and efficient manner. The system
aims to support farmers by reducing manual work, saving time,
and improving crop production through the use of sensors and
automatic control units. By introducing technology into
agriculture, the project focuses on making farming more
accurate, reliable, and convenient. One important objective is to
monitor soil moisture, temperature, and other environmental
conditions continuously. By measuring these parameters,
farmers are able to understand what the plants actually need at
a particular time. Another objective is to control irrigation
automatically based on sensor readings. This helps in supplying
the right amount of water to the crops and avoids unnecessary
wastage. The project also aims to reduce the dependency on
manual field observation. Instead of visiting the field frequently,
farmers can check the condition of their crops and control the
system from a remote location using a mobile application. This
supports better time management and reduces physical effort,
especially for elderly farmers or farmers managing large fields.

V. SYSTEM ANALYSIS-EXISTING SYSTEM:

In the present agricultural practice, most farming
activities such as irrigation, field monitoring, spraying, and crop
observation are still carried out manually. Farmers usually walk
through the field to check soil moisture, examine crop
condition, and decide when and where watering is required.
Irrigation is commonly done by flood irrigation or by manually
operating pumps and valves. These methods depend largely on
experience and judgment rather than real-time data, which may
lead to under-watering or over-watering of crops.

In many existing farms, fixed drip or sprinkler systems
are installed, but they cannot move across the field or reach
specific plants individually. These systems operate uniformly
over large areas, ignoring the fact that moisture levels may vary
from one region of the farm to another. As a result, some plants
receive more water while others receive less. This uneven
irrigation impacts crop growth and reduces productivity.
Traditional monitoring of temperature and humidity is done
either visually or using basic thermometers. Farmers rarely use
sensors to measure environmental conditions continuously. In
most cases, they visit the field at specific times of the day, which
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does not provide complete information about changing
conditions. Manual checking becomes difficult in large farms,
during hot weather, or for elderly farmers. traditional
monitoring of temperature and humidity is done either visually
or using basic thermometers. Farmers rarely use sensors to
measure environmental conditions continuously. In most cases,
they visit the field at specific times of the day, which does not
provide complete information about changing conditions.
Manual checking becomes difficult in large farms, during hot
weather, or for elderly farmers.

Existing systems also lack mobility. Conventional
irrigation units are stationary and cannot travel through crop
rows. Farmers need to carry pipes or watering cans themselves
to reach different locations. This increases physical effort and
time consumption. For spraying fertilizers or pesticides, farmers
must manually walk along the field, which also exposes them to
harmful chemicals.

Another limitation of existing systems is the absence of
automation and remote monitoring. Water pumps and motors
are often controlled manually through switches near the pump
location. In some cases, timers are used, but they do not
consider real-time soil moisture levels. There is very little
integration of mobile applications, wireless control, or IoT
technology in small and medium farms.

VL.BLOCK DIAGRAM
Fig. Block diagram

The block diagram shows how the smart agriculture robot

works. The ESP32 is the main controller, which receives
commands from the mobile app. It controls the motors and
water pump through a relay module. The robot moves on
wheels and supplies water from the tank when needed. Power
is provided by rechargeable batteries to run the entire system.

VII.CHALLENGES
1. Field Mobility and Navigation
Challenge:

Agricultural fields usually contain uneven surfaces, crop rows,
mud, stones, and small obstacles. Designing a robot that can
move smoothly in such conditions is difficult. The robot must
be able to travel between crop rows without damaging plants
and should not get stuck in wet soil.

Impact:
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Poor mobility can restrict access to some field areas, reducing
the robot’s effectiveness. If the robot becomes stuck or loses
balance, the farmer must intervene manually, defeating the
purpose of automation.

2. Sensor Accuracy and Reliability
Challenge:

Soil moisture, temperature, and humidity sensors must give
accurate readings to make correct irrigation decisions. However,
soil type, temperature variation, and sensor placement can affect
accuracy. Moisture values may differ at different depths, and
sensors may get wet, dusty, or corroded.

Impact:

Incorrect readings may cause the robot to over-water or under-
water crops. Frequent false triggers reduce system reliability
and can damage plants or waste water.

3. Power Management and Battery Life
Challenge:

The robot requires power for motors, sensors, controller, Wi-Fi
module, and water pump. Continuous movement and pumping
consume a lot of energy. Ensuring long-term battery backup
without frequent charging is a major challenge, especially in
large fields.

Impact:

If power drains quickly, robot operation is interrupted.
Unreliable power reduces the usefulness of the system for real-
time monitoring and regular irrigation.

4. Water Handling and Pumping Mechanism
Challenge:

The robot carries a water tank and must pump water efficiently
to plants. Managing weight balance, pressure, and flow control
is important. The pumping system must work in different
moisture conditions without leakage.

Impact:

Improper design may result in unstable movement, reduced
pumping capacity, or wastage of water during irrigation.

5. Communication and Remote Control
Challenge:

The robot communicates through IoT platforms such as Blynk
using Wi-Fi or Bluetooth. Connectivity issues may occur in
remote villages or large open fields. Loss of signal can interrupt
control and data transmission.

Impact:
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Poor connectivity prevents real-time monitoring and remote
operation. The farmer may not receive alerts or may lose control
of robot functions.

6. Cost and Practical Adoption
Challenge:

Farmers generally prefer low-cost and simple systems. High-
cost robotic solutions may not be affordable for small farmers.
Maintenance and repair support are also important factors.

Impact:

Even if the technology is effective, farmers may hesitate to
adopt it if it is complex or expensive to maintain.

7. Environmental Conditions
Challenge:

The robot must operate in sunlight, rain, dust, and high
temperature. Electronic components need proper protection
from water and heat. Mud and crop residues may block wheels
Or Sensors.

Impact:

Harsh weather or field dirt can damage electronics and sensors,
reducing system life and performance.

VIII.PROPOSED SOLLUTION
SMART AGRICULTURAL ROBOT

This project presents the design of a Smart Agriculture Robot to
assist farmers in basic field operations. The main purpose of the
system is to reduce manual effort and save water by providing
controlled irrigation to plants. In many farms, watering is still
done manually, which is time-consuming and leads to water
wastage. This project provides an easy and low-cost solution
using IoT and mobile control.

The robot is built on a four-wheel platform powered by 30 RPM
gear motors, which provide good torque and slow movement
suitable for agricultural land. A water tank and DC water pump
are mounted on the robot to supply water directly to plants.
Instead of irrigating the whole field, water can be delivered only
where needed, improving efficiency.

The ESP32 microcontroller is used as the main control unit
because it has in-built Wi-Fi. A L298n motor driver is used to
control the motors and water pump safely. The robot is operated
through the MIT Inventer mobile application, where the user can
move the robot forward, backward, left, right, and control
watering. This allows remote operation without physical
presence in the field.
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VIII. FRAME WORK

Fig (1.1)

The image Fig(1.1) shows a Agriculture requires continuous
effort for activities such as soil preparation, seed sowing, and
irrigation. Due to labor shortages and time -constraints,
performing these tasks manually becomes difficult. The Smart
Agricultural Robot is designed to reduce human effort by
automating basic farming operations using simple electronic
and mechanical components.The working principle of the Smart
Agricultural Robot is based on wireless control and motor-
driven mechanisms. The system uses an ESP32 microcontroller
as the main controlling unit. It receives commands through Wi-
Fi and controls the movement of the robot as well as agricultural
operations like tilling, seeding, and pumping. This allows the
farmer to operate the robot remotely without physically being
present in the field.

IX. CONCLUSION

The “Design and Implementation of a Smart Agriculture
Robot (Agri-bot)” represents a meaningful advancement toward
the automation of basic agricultural operations. In traditional
farming practices, activities such as tilling, seeding, and
irrigation require significant manual labor, time, and continuous
monitoring. This project addresses these challenges by
introducing an IoT-based robotic solution that reduces human
effort while improving efficiency and precision in farming
tasks.

The proposed system integrates an ESP32 microcontroller,
motor drivers, DC motors, pumping units, and Wi-Fi
communication to perform essential agricultural operations
remotely. Through wireless control using a mobile or web
application, farmers can operate the robot without being
physically present in the field. This not only minimizes labor
dependency but also improves safety and convenience,
especially in large or difficult terrains.

The Agri-bot efficiently performs tilling to prepare the soil,
seeding to ensure proper placement of seeds, and pumping for
irrigation purposes. The use of motor drivers allows low-power
signals from the ESP32 to control high-power mechanical
components reliably. The modular and compact design makes
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the system cost-effective, easy to deploy, and suitable for small-
and medium-scale farming applications.

Overall, the project successfully demonstrates a working
prototype of an automated agricultural robot, showcasing how
IoT and embedded systems can contribute to modern farming
practices. The Agri-bot has the potential to increase
productivity, reduce labor costs, and support sustainable
agriculture

X. FUTURE SCOPE

Although the current prototype performs basic agricultural
operations effectively, there is significant scope for future
enhancements and real-world deployment. One major
improvement would be the integration of agricultural sensors
such as soil moisture, temperature, humidity, and nutrient
sensors. These sensors can enable data-driven decision-making,
allowing the robot to perform irrigation and seeding based on
actual field conditions.

The system can be further enhanced by incorporating GPS
modules for precise navigation and field mapping. This would
allow the Agri-bot to operate autonomously over large
agricultural areas with minimal human intervention. The
addition of machine learning algorithms could help optimize
farming patterns, predict crop health, and improve yield
efficiency.

Future versions of the Agri-bot can also include solar power
integration, making the system energy-efficient and suitable for
remote farming locations where conventional power sources are
unavailable. Wireless communication technologies such as
LoRa or GSM could be added to extend the operating range
beyond local Wi-Fi coverage.

Another promising direction is the development of autonomous
navigation and obstacle detection using cameras or ultrasonic
sensors. This would allow the robot to function independently
in real farm environments. Additionally, the system can be
scaled for commercial agricultural use by increasing load
capacity and adding advanced tools such as fertilizer dispensers
or pesticide sprayers.

In conclusion, this project lays a strong foundation for a cost-
effective, scalable, and intelligent agricultural automation
system. With further enhancements and real-world testing, the
Agri-bot has the potential to significantly transform traditional
farming practices and contribute to the future of smart
agriculture.
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