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ABSTRACT: This paper presents an integrated smart agricultural field protection and automatic irrigation system using
advanced Internet of Things (IoT) technology. The proposed system is designed to monitor environmental conditions
such as soil moisture, temperature, and humidity in real-time. The collected data is processed using a NodeMCU
microcontroller and transmitted to a Raspberry Pi for intelligent decision-making. Based on soil moisture levels, the
system automatically controls irrigation using a relay-driven water pump, thereby reducing water wastage and improving
efficiency.

In addition to irrigation, the system incorporates a field protection mechanism using an ESP32 camera module, which
continuously monitors the agricultural field for any intrusion or unwanted activities. A GSM module is integrated to send
real-time alerts to farmers, ensuring quick response and improved crop safety. Furthermore, the system includes an
intelligent animal detection mechanism. When an animal enters the field, the system analyses the type of animal and
generates a specific irritating sound to repel it.

To prevent animals from getting habituated to a particular sound, the system is programmed to automatically change the
sound at regular intervals. For each type of animal, multiple irritating sounds are stored, and the system cycles through
these sounds every five days. This dynamic sound variation ensures continuous effectiveness of the deterrent mechanism
and enhances field protection.

The proposed system minimizes manual labor, optimizes water usage, and improves overall agricultural productivity. It
is cost-effective, reliable, and suitable for modern smart farming applications.

KEYWORDS: Smart Agriculture, IoT, Automatic Irrigation System, Field Protection, Animal Detection, ESP32
Camera, Raspberry Pi, Soil Moisture Sensor, GSM Module, Sound Deterrent System, Dynamic Sound Variation

L. INTRODUCTION

Agriculture plays a crucial role in the economic development of a country, especially in developing nations like India
where a large portion of the population depends on farming for their livelihood. However, traditional farming methods
often involve manual irrigation practices, lack of real-time monitoring, and inefficient use of water resources. These
challenges lead to reduced productivity and increased labour effort. Additionally, crop damage caused by animals entering
agricultural fields remains a significant problem faced by farmers.

In recent years, the advancement of technologies such as the Internet of Things (IoT), embedded systems, and automation
has opened new opportunities for modernizing agriculture. Smart agriculture aims to enhance productivity by using
sensors, intelligent monitoring systems, and automated control mechanisms. Among these, automated irrigation systems
based on soil moisture levels have gained importance due to their ability to optimize water usage and improve crop yield.

This paper presents an integrated smart agricultural system that combines automatic irrigation with intelligent field
protection. The system continuously monitors soil moisture, temperature, and humidity using sensors connected to a
NodeMCU microcontroller. Based on the collected data, irrigation is automatically controlled using a relay and water
pump, ensuring that crops receive the required amount of water without wastage.

In addition to irrigation, the proposed system incorporates a real-time monitoring mechanism using an ESP32 camera
module and a Raspberry Pi for advanced processing. The system is capable of detecting animals entering the field and
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analysing their presence. Upon detection, a specific irritating sound is generated using a speaker system to repel the
animal effectively.

A key innovation of this system is the implementation of a dynamic sound deterrent mechanism. Instead of using a single
repetitive sound, the system stores multiple sound patterns for each type of animal. These sounds are automatically
changed at regular intervals of five days. This prevents animals from becoming habituated to a particular sound, thereby
maintaining the effectiveness of the deterrent system over time.

Furthermore, a GSM module is integrated to provide real-time alerts to farmers whenever intrusion or abnormal
conditions are detected. This enables quick action and enhances field security. The overall system is designed to be cost-
effective, reliable, and easy to implement in real-world agricultural environments.

Thus, the proposed system addresses major challenges in agriculture such as water management, crop protection, and
labour reduction by providing an efficient and intelligent solution for modern smart farming.

II. LITERATURE REVIEW

In recent years, significant research has been carried out in the field of smart agriculture using Internet of Things (IoT)
technologies. Many researchers have focused on developing automated irrigation systems that utilize soil moisture
sensors to monitor soil conditions and control water supply efficiently. These systems have proven to reduce water
wastage and improve crop yield by ensuring optimal irrigation.

Several studies have proposed the use of wireless sensor networks (WSN) for real-time monitoring of environmental
parameters such as temperature, humidity, and soil moisture. These systems enable farmers to remotely monitor their
fields and make informed decisions. The integration of microcontrollers such as Arduino and NodeMCU has further
enhanced the efficiency and affordability of such systems.

In addition to irrigation, field monitoring and security have also gained attention. Camera-based monitoring systems
using modules such as ESP32 have been implemented to detect motion and capture real-time images of agricultural fields.
These systems help in identifying intrusions and provide visual data for analysis. Some approaches also include the use
of image processing techniques for detecting animals and preventing crop damage.

Various methods have been proposed for animal deterrence, including the use of light, alarms, and basic sound systems.
However, these conventional methods are often ineffective as animals tend to become habituated to repetitive signals
over time. As a result, the efficiency of such systems decreases significantly after prolonged use.

Recent advancements have explored intelligent deterrent systems that use adaptive techniques to improve effectiveness.
However, many existing solutions lack dynamic adaptability and do not consider behavioural patterns of animals. This
creates a need for a more advanced and reliable system that can continuously adapt and respond to changing conditions.

The proposed system addresses these limitations by integrating an intelligent animal detection mechanism with a dynamic
sound deterrent system. By storing multiple sound patterns for different animals and automatically changing them at
regular intervals, the system ensures long-term effectiveness. This innovative approach enhances field protection while
maintaining the benefits of automated irrigation and real-time monitoring.

Thus, the proposed work combines the strengths of existing technologies while overcoming their limitations, making it
a comprehensive solution for modern smart agriculture.

III. RESEARCH METHODOLOGY
The proposed system integrates multiple hardware and software components to achieve efficient irrigation and intelligent
field protection. The system primarily consists of soil moisture sensors, temperature and humidity sensors, NodeMCU

microcontroller, Raspberry Pi, ESP32 camera module, GSM module, relay module, speaker system, and a water pump.

Initially, the soil moisture sensor continuously monitors the moisture content present in the soil. The sensed data is
transmitted to the NodeMCU microcontroller, which acts as the primary control unit. Along with soil moisture,
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environmental parameters such as temperature and humidity are also recorded to provide better decision-making
conditions.

The NodeMCU processes the incoming data and sends it to the Raspberry Pi for advanced analysis. The system is
programmed with predefined threshold values for soil moisture. When the moisture level drops below the threshold, the
NodeMCU activates the relay module, which in turn switches on the water pump to irrigate the field. Once the required
moisture level is achieved, the system automatically turns off the pump, ensuring efficient water utilization.

For field protection, the ESP32 camera module continuously monitors the agricultural field. When motion is detected,
the system captures real-time images and sends them to the Raspberry Pi for processing. The Raspberry Pi analyzes the
captured data to identify the presence and type of animal entering the field.

Based on the detected animal, the system selects a specific irritating sound from a predefined database. A speaker system
is used to play the selected sound, which helps in repelling the animal without causing harm. Each animal category is
associated with multiple sound patterns to improve effectiveness.

To further enhance the deterrent mechanism, the system is programmed to automatically change the sound at regular
intervals of five days. This dynamic sound variation prevents animals from becoming habituated to a particular sound,
thereby maintaining the efficiency of the system over long-term usage.

Additionally, the GSM module is integrated to send alert messages to the farmer whenever an intrusion is detected or
when abnormal conditions occur. This allows the farmer to take immediate action if required.

The entire system operates in an automated manner, reducing human intervention while improving efficiency, crop safety,
and resource management.

IV. RESULTS AND DISCUSSION

The implemented integrated smart agricultural system was tested under various environmental conditions to thoroughly
evaluate its performance, reliability, and practicality in real-time agricultural scenarios. The soil moisture sensor
continuously monitored the soil water content and accurately measured moisture levels, triggering the irrigation system
whenever the soil moisture dropped below the optimal threshold. This automated operation resulted in efficient water
usage, significantly reducing wastage compared to traditional manual irrigation methods, and ensuring that crops always
received the appropriate amount of water.

The automatic irrigation system maintained optimal soil conditions across the field, which contributed to enhanced crop
growth, improved productivity, and healthier plant development. The system operated entirely without manual
intervention, thereby reducing labour requirements and allowing farmers to focus on other essential tasks.

The field monitoring subsystem, utilizing the ESP32 camera module, successfully detected motion within the agricultural
area and captured real-time images of potential intrusions. The Raspberry Pi processed the captured images effectively,
accurately identifying the presence of animals entering the field. This visual monitoring system not only ensured timely
detection but also provided documented evidence for further analysis and preventive measures.

The animal deterrent system functioned efficiently by producing specific sound patterns tailored to repel different types
of animals. By employing multiple sound variations and dynamically changing the sounds every five days, the system
prevented animals from becoming accustomed to a single deterrent, thereby ensuring continuous and effective protection
of the crops over time. The integration of the deterrent system with the monitoring subsystem created a proactive
mechanism to safeguard the field from damage.

Additionally, the GSM module delivered timely alerts directly to the farmer’s mobile device, enabling a rapid response
to critical situations such as unauthorized intrusion or unexpected changes in soil conditions. This real-time notification
feature enhanced the system’s reliability and provided peace of mind to the user.

Opverall, the proposed integrated smart agricultural system demonstrated high performance in terms of water management,

crop protection, and automation efficiency. The results confirmed that the system is highly suitable for practical
deployment in agricultural fields, offering a reliable, cost-effective, and scalable solution for modern farming practices.

IJEETR©2026 |  AnISO 9001:2008 Certified Journal | 1841



http://www.ijeetr.org/

International Journal of Engineering & Extended Technologies Research (IJEETR)

[ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |

*\f@

¥ :

-«'% S / | Volume 8, Issue 2, March - April 2026 |
'JEETR DOI:10.15662/IJEETR.2026.0802150

Furthermore, the system’s modular design allows for future expansion, such as the addition of new sensors or integration
with IoT platforms for more advanced data analytics and remote monitoring.
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FIG: 1
V. CONCLUSION

The developed integrated smart agricultural field protection and automatic irrigation system offers an effective and
practical solution to several critical challenges faced in modern agriculture. By combining IoT-based real-time monitoring
with automated irrigation, the system ensures optimal water utilization, thereby minimizing wastage and contributing to
sustainable farming practices. The automated irrigation mechanism maintains ideal soil moisture levels, which supports
enhanced crop growth and productivity while reducing the dependency on manual labour.

In addition to water management, the intelligent animal detection system coupled with a dynamic sound deterrent
mechanism significantly improves field security and prevents crop damage. The innovative approach of periodically
changing sound patterns ensures the long-term effectiveness of the deterrent system, preventing animals from becoming
accustomed to a single sound and maintaining continuous protection of the crops.

The system also provides real-time monitoring and control through the integration of sensors, microcontrollers, and
GSM-based alert systems, enabling farmers to respond promptly to any critical situations. Its cost-effective design,
modularity, and reliability make it suitable for practical implementation in agricultural fields, allowing easy scalability
and potential future enhancements.

IJEETR©2026 |  AnISO 9001:2008 Certified Journal | 1842



http://www.ijeetr.org/

International Journal of Engineering & Extended Technologies Research (IJEETR)

¥

%) N / | Volume 8, Issue 2, March - April 2026 |

IJEETR DOI:10.15662/1IJEETR.2026.0802150

[ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |

\\\
et

4.

-k{(f({(
III

Overall, the designed system demonstrates a significant contribution toward the advancement of smart farming solutions,
promoting both efficiency and sustainability in agriculture. The integration of automation, real-time monitoring, and
intelligent deterrent mechanisms presents a comprehensive approach for modern agricultural practices, ensuring
improved productivity, reduced labour, and effective crop protection.

VI. FUTURE WORK

1. Integration of artificial intelligence (Al) and machine learning (ML) for more accurate animal detection and
classification.

2. Improvement of real-time image processing techniques for higher precision and a wider range of animals.
Implementation of adaptive sound generation based on animal behaviour for increased deterrent effectiveness.
Addition of cloud integration and mobile app support for remote monitoring and control.

Utilization of renewable energy sources such as solar power to enhance energy efficiency.

Incorporation of additional sensors to monitor soil nutrients and crop health for improved decision-making.
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