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Abstract

The Arduino Based Agriculture Robot for Smart Farming and Soil Monitoring is
designed to improve agricultural activities through automation, sensor-based
monitoring, and intelligent control. Traditional farming methods often require
considerable manual effort for checking soil conditions, monitoring crops, and
performing routine agricultural operations. The proposed robot provides a practical
solution by combining robotics and embedded technology for efficient farm
monitoring.

The system uses an Arduino microcontroller as the main control unit and integrates
sensors such as a soil moisture sensor, temperature and humidity sensor, and other
environmental sensors to monitor important soil and environmental conditions. The
robot is equipped with motors and a motor driver for movement across the
agricultural field. The soil moisture sensor helps determine the water content of the
soil and can support automatic irrigation decisions.

The robot moves through the field and continuously collects soil and environmental
information. Based on the sensor readings, the system can identify whether the soil
has sufficient moisture or requires additional water. The collected information can be
displayed through an LCD, mobile application, or other monitoring interface.
Obstacle detection can also be incorporated to allow the robot to move safely through
the field.

The proposed system reduces manual soil monitoring and provides real-time
information that can help farmers make better irrigation and farming decisions. It can
also help reduce unnecessary water usage by supplying water based on actual soil
moisture conditions.

1. Introduction

Agriculture is one of the most important sectors for providing food and supporting
economic development. Traditional farming methods require significant human effort
for activities such as monitoring soil conditions, checking moisture levels, and
managing irrigation. With the increasing use of technology in agriculture, smart
farming and agricultural automation can help improve productivity, reduce manual
work, and use resources more efficiently.

The Arduino Based Agriculture Robot for Smart Farming and Soil Monitoring is
developed to automate soil monitoring and assist farmers in making better decisions.
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The robot is designed to move through agricultural fields and collect information
about important soil and environmental conditions. An Arduino microcontroller acts
as the main control unit and processes data received from different sensors.

A soil moisture sensor is used to measure the moisture level present in the soil. This
information helps determine whether the soil is sufficiently wet or requires irrigation.
Other sensors, such as temperature and humidity sensors, can be used to monitor
environmental conditions that may affect crop growth. The collected sensor data can
be displayed through an LCD or transmitted to a monitoring system.

The robot uses DC motors and a motor driver for movement, allowing it to travel
through different areas of the field. An obstacle detection sensor can be included to
identify objects in the robot's path and help prevent collisions. Based on the sensor
readings, the system can generate alerts or control an irrigation mechanism when the
soil moisture level falls below a specified value.

II. Literature Survey

Research on smart farming and agricultural robots has increased with the
development of robotics, embedded systems, sensors, [oT, and precision agriculture
technologies. Agricultural robots are being developed to reduce repetitive manual
work and improve the efficiency of field operations. Recent reviews show that field
robots are being used for activities such as crop monitoring, weeding, harvesting,
scouting, transplanting, and soil-related operations.

Early smart-agriculture systems mainly focused on using sensors and microcontrollers
to monitor important agricultural parameters. Soil moisture, temperature, humidity,
light intensity, and other environmental conditions can be measured using sensors and
processed by a microcontroller. These systems provide farmers with information
about field conditions and can support better irrigation and crop-management
decisions.

A major area of research is soil moisture monitoring because soil water availability
directly affects crop growth and irrigation requirements. Studies have investigated
different soil-water sensing technologies and found that sensor-based irrigation
scheduling can reduce water use while maintaining or improving crop yield in suitable
conditions. Sensor calibration and installation are important factors affecting
measurement accuracy.

Recent research has moved toward on-the-go soil monitoring, where sensors are
mounted on mobile agricultural platforms rather than installed permanently at fixed
locations. Reviews of soil-moisture technologies highlight electrical, optical,
radiometric, IoT-based, and mobile sensing approaches, showing the potential of
unmanned ground vehicles and robotic platforms for collecting soil information
across agricultural fields.

The development of agricultural robotics has provided another important direction for
smart farming. Modern field robots can move autonomously or semi-autonomously

Received: 24-07-2026 | Accepted: 30-08-2026 | Published: 05-09-2026 2026, Vol 2 Issue 3 | 553



® J

nternational Journal of

=== Al ELECTRICAL CIVIL AND MECHANICAL ENGINEERING
Z e S te ra Peer Reviewed, Referred & Indexed Journal
PUBLICATIONS ISSN: 3070-0434 www.zesterapublications.com Original Research Paper

through agricultural environments while performing monitoring and other repetitive
operations. Research has identified navigation, safety, sensing, traction, and autonomy
as important factors in designing effective agricultural robots.

IoT-based agriculture has also received considerable attention. IoT systems connect
sensors, controllers, communication modules, and monitoring platforms to provide
real-time agricultural information. Such systems can monitor soil moisture,
temperature, humidity, and other parameters and can support remote monitoring and
automated irrigation. However, connectivity, cost, security, and scalability remain
important challenges.

Recent studies have investigated the integration of Al and IoT for soil management
and precision agriculture. Al-based techniques can analyze sensor data and support
prediction, irrigation scheduling, and resource optimization. Research has also
explored machine-learning models such as Random Forest, LSTM, and CNN for soil-
moisture prediction.

Recent systematic reviews of smart irrigation show that combining soil-moisture
sensors, wireless communication, [oT platforms, and intelligent decision-making can
improve water-management practices. However, researchers continue to identify
challenges involving sensor calibration, long-term field validation, cost, rural
connectivity, and adaptation to different soil and climatic conditions.

Based on the existing literature, the proposed Arduino Based Agriculture Robot for
Smart Farming and Soil Monitoring combines a mobile robotic platform with low-
cost agricultural sensors. The robot can use an Arduino controller, soil-moisture
sensor, temperature and humidity sensor, motor driver, DC motors, and obstacle-
detection sensor to move through the field and collect soil information. The collected
data can be used to determine soil moisture conditions and support irrigation decisions.

II1. System Analysis

System analysis is an important stage in developing the Arduino Based Agriculture
Robot for Smart Farming and Soil Monitoring. The system is designed to automate
soil monitoring and assist farmers in managing agricultural fields efficiently. The
main requirements include soil moisture measurement, environmental monitoring,
robot movement, obstacle detection, and data display. An Arduino microcontroller is
used as the main control unit for processing information received from the sensors. A
soil moisture sensor measures the amount of water present in the soil. Temperature
and humidity sensors can be used to monitor surrounding environmental conditions.
DC motors and a motor driver are used to control the movement of the robot across
the field. An obstacle detection sensor helps the robot identify objects in its path and
avoid collisions. The sensor readings are continuously processed by the Arduino and
can be displayed through an LCD or monitoring interface. The system can generate an
alert when the soil moisture level falls below a specified value. The robot can be
operated manually or programmed to follow a predefined path for field monitoring.

Existing System
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In the existing system, soil monitoring and irrigation activities are commonly
performed manually by farmers. Farmers physically inspect different areas of the field
to determine whether the soil contains sufficient moisture. This process requires
considerable time and effort, especially when the agricultural area is large. Traditional
irrigation methods often supply water according to fixed schedules rather than actual
soil moisture conditions. As a result, some areas may receive excess water while other
areas may not receive sufficient water. Soil conditions can also vary significantly
from one location to another within the same field. Manual monitoring may not
provide continuous or accurate information about these variations. Conventional
systems generally use fixed sensors that monitor only specific locations. These
systems do not provide mobility for collecting information from multiple areas of the
field. Farmers may also have difficulty monitoring soil conditions during unfavorable
weather or at distant locations. Therefore, a mobile sensor-based robot can provide a

more convenient method for collecting soil information from different parts of the
field.

Disadvantages of Existing System

e Requires considerable manual effort.

e Time-consuming for large agricultural fields.

e Soil monitoring may not be continuous.

o Fixed sensors cover limited areas.

o Difficult to monitor distant locations.

o Irrigation may be based on fixed schedules.

e (Can lead to unnecessary water usage.

o Different soil conditions may not be identified accurately.
e Requires frequent physical inspection.

e Limited automation in traditional farming.

« Difficult to collect data from multiple field locations.
o Less suitable for precision farming applications.

Proposed System

The proposed system focuses on developing an Arduino-based mobile agriculture
robot for smart farming and soil monitoring. The robot uses an Arduino
microcontroller as the main control unit for processing sensor information and
controlling movement. A soil moisture sensor is installed on the robot to measure the
moisture level of the soil at different locations. Temperature and humidity sensors can
also be included to monitor environmental conditions. DC motors and a motor driver
allow the robot to move through the agricultural field. An ultrasonic or other obstacle
sensor helps detect objects and prevent collisions during movement. The robot
collects soil information while moving through different areas of the field. The
Arduino processes the sensor readings and compares moisture values with predefined
threshold levels. If the moisture level is low, the system can generate an alert or
activate an automatic irrigation mechanism. The collected information can be
displayed on an LCD or transmitted to a remote monitoring system. The robot reduces
the need for continuous manual soil inspection and supports efficient water

Received: 24-07-2026 | Accepted: 30-08-2026 | Published: 05-09-2026 2026, Vol 2 Issue 3 | 555



® J

nternational Journal of

=== Al ELECTRICAL CIVIL AND MECHANICAL ENGINEERING
Z e S te ra Peer Reviewed, Referred & Indexed Journal
PUBLICATIONS ISSN: 3070-0434 www.zesterapublications.com Original Research Paper

management. The system can also be expanded with IoT, GPS, cameras, and Al
technologies for advanced smart farming applications.

Advantages of Proposed System

e Automates soil monitoring.

e Reduces manual effort.

e Saves time during field inspection.

e Can monitor multiple areas of a field.

e Provides real-time soil moisture information.
e Supports efficient water management.

e Helps reduce unnecessary irrigation.

o Provides obstacle detection.

o Supports mobile agricultural monitoring.
e Can display or transmit sensor data.

e Low-cost Arduino-based implementation.
e Can be enhanced with IoT, GPS, and AL

IV. Methodology

The methodology begins with identifying the requirements of the agricultural
monitoring system and selecting suitable hardware components. An Arduino
microcontroller is selected as the main processing unit for controlling the robot and
processing sensor data. A soil moisture sensor is connected to measure the water
content of the soil. Temperature and humidity sensors are added to collect
environmental information when required. DC motors, wheels, and a motor driver are
assembled with the robot chassis to provide controlled movement. An obstacle
detection sensor is positioned at the front of the robot to identify objects in its path.
The sensors are calibrated and tested to obtain reliable readings under different soil
conditions. A control program is developed to read sensor values and control the
movement of the robot. The moisture readings are compared with predefined
threshold values to determine whether the soil requires irrigation. An LCD or
communication module can be used to display or transmit the collected information.
The robot is tested on different soil surfaces and under different moisture conditions.
Finally, the system performance is evaluated based on sensor accuracy, movement,
obstacle detection, and reliability of soil monitoring.

System Architecture

The system architecture represents the complete workflow of the Arduino Based
Agriculture Robot from sensing to monitoring and control. The process begins with
the agricultural field where the robot moves through different areas to collect
information. The soil moisture sensor measures the moisture content of the soil at the
robot's current location. Temperature and humidity sensors collect additional
environmental information when included in the system. An obstacle detection sensor
continuously checks the robot's path for objects. All sensor outputs are sent to the
Arduino microcontroller for processing. The Arduino analyzes the sensor readings
and determines the current soil and environmental conditions. Based on the
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programmed control logic, the Arduino sends commands to the motor driver. The
motor driver operates the DC motors to move the robot forward, backward, or turn as
required. When the soil moisture falls below the predefined level, the system can
generate an alert or activate an irrigation pump. The sensor readings and system status
can be displayed through an LCD or transmitted to a remote monitoring platform. The
robot continues moving and collecting data from different locations in the field.
Overall, the architecture provides a complete sensing, processing, movement,
monitoring, and irrigation-control system for smart farming.

SYSTEM ARCHITECTURE

ARDUINO BASED AGRICULTURE ROBOT - SMART FARMING AND SOIL MONITORING
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3. SERIAL MONITOR OUTPUT
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6. TEST RESULTS 7. CONCLUSION
| TestNo. Location Soil Moisture (%) = Temperature ("C) | Humidity (%) | Light(Lux) Obstacle  lrrigation Status | Result The agriculture robot successfully monitors soil and environmental
) Fiold - Area 1 6 284 561 420 No OFF PASS parameters in rofxl time. It helps in smart irrigation by providing
accurate soil moisture data and reduces manual effort. The system
2 Field - Area 2 38 291 537 410 No ON PASS worked refiably in different field conditions and all test cases
3 Field - Ares 3 25 302 50.2 390 Yes oN PASS were passed successfully.
4 Field - Area 4 55 278 53.4 430 No OFF PASS Overall Result: SUCCESS

V1. Conclusion

The Arduino Based Agriculture Robot for Smart Farming and Soil Monitoring project
successfully demonstrates the use of robotics, sensors, and automation in modern
agriculture. The robot is capable of moving through the agricultural field and
monitoring important parameters such as soil moisture, temperature, and humidity.

The soil moisture sensor helps identify whether the soil has sufficient moisture or
requires irrigation. The Arduino processes the sensor readings and provides the
required output through a display or monitoring system. The obstacle detection
system helps the robot move safely by identifying objects in its path.
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The proposed system reduces manual effort and saves time during soil inspection. It
also supports efficient water management by providing irrigation based on actual soil
moisture conditions rather than fixed schedules.

Overall, the project provides a low-cost, practical, and automated solution for smart
farming and soil monitoring. The system can be further enhanced with IoT
connectivity, GPS navigation, automatic irrigation, camera-based crop monitoring,
Al-based crop analysis, and remote monitoring to make agricultural operations more
intelligent, efficient, and reliable.
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