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ABSTRACT -

This study introduces an innovative Automatic Irrigation System (AIS) based on Arduino microcontroller and sensors, integrated with Internet of Things (loT)
technology. The AIS aims to optimize water usage and improve crop yield by delivering the precise amount of water based on real-time environmental conditions.
The system comprises an Arduino board, including sensors for measuring soil moisture, temperature, and humidity, and IoT connectivity for remote monitoring
and control. Through a cloud-based platform, users can access real-time data, receive notifications, and make informed decisions. An intelligent algorithm processes
the sensor data and predefined thresholds to determine the optimal irrigation schedule and duration. By automating the irrigation process, water conservation is
achieved, leading to cost reduction and healthier plant growth. The proposed AlIS offers significant advantages over traditional irrigation methods, including water
conservation, precision irrigation, and data-driven insights for future crop management. Overall, this research provides an efficient and sustainable solution for
agricultural and horticultural irrigation, maximizing water efficiency, enhancing crop yield, and contributing to environmental sustainability.
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INTRODUCTION-

Efficient irrigation is vital for agricultural practices to maximize crop productivity while conserving water resources. In recent years, significant
advancements in technology have led to the development of Automatic Irrigation Systems (AIS) that leverage components such as Arduino UNO
microcontrollers, LCD displays, moisture sensors, relays, transistors, potentiometers, batteries, voltage regulators, motors, LEDs, and resistors. These
integrated components have revolutionized the field of automatic irrigation, enabling precise monitoring and control of water supply to crops.

Arduino UNO microcontrollers serve as the central processing units of AlS, responsible for data collection, analysis, and system control. They provide
computational power, interfacing capabilities, and programmability, making them versatile tools for building intelligent irrigation systems. The
microcontroller acts as a bridge between various components, facilitating seamless communication and coordination within the system. LCD displays
play a vital role in AIS by providing an intuitive user interface. They allow farmers or gardeners to access real-time information about soil moisture
levels, system status, and settings. The displays offer visual feedback, enabling users to make informed decisions regarding irrigation management. By
visualizing relevant data, LCD displays enhance the usability and accessibility of the AIS. Moisture sensors are critical components of automatic irrigation
systems as they measure the soil's moisture content. These sensors provide crucial information for determining when and how much water should be
applied to crops. The accurate assessment of soil moisture levels ensures that irrigation is carried out precisely, avoiding under-irrigation or over-irrigation
scenarios. By enabling targeted and efficient water application, moisture sensors contribute to water conservation and improved crop health. Relays and
transistors are essential switching components in AIS, controlling the flow of water to crops. Relays act as electromagnetic switches, while transistors act
as electronic switches. They provide the capability to activate or deactivate water pumps or valves based on the signals received from the microcontroller.
The precise control of water flow ensures that crops receive the optimal amount of water required for their growth, avoiding water stress or waterlogging
conditions. Potentiometers, also known as adjustable resistors, offer flexibility in configuring system parameters. They allow users to fine-tune settings
such as irrigation frequency, duration, or sensitivity of the sensors. Potentiometers provide customization options, enabling the AIS to cater to specific
crop requirements and environmental conditions. This adaptability ensures that the irrigation system can be tailored to different plant species and varying
soil conditions. To power the AIS, batteries and voltage regulators are utilized. Batteries offer a portable and reliable power source, ensuring continuous
operation of the system, even in areas with limited or no access to electricity. Voltage regulators regulate the voltage levels and provide stable power
supply, protecting sensitive components from damage caused by voltage fluctuations. Motors are employed in AlS to drive water pumps or irrigation
arms, facilitating the distribution of water across the fields. They ensure a consistent and controlled flow of water, delivering it directly to the root zones
of plants. This targeted water application promotes efficient water usage, reduces wastage, and supports healthier plant growth. LEDs and resistors serve
as visual indicators in AlS, providing feedback on the system's status and performance. LEDs can be programmed to display different colors or blink
patterns to indicate specific conditions, such as low battery levels, sensor malfunctions, or irrigation cycles. Resistors are used to control current flow and
protect components from excessive electrical currents.

By harnessing the capabilities of these components, automatic irrigation systems provide several benefits. They minimize water waste by delivering water
precisely to the root zones of plants when needed. This promotes healthier growth, minimizes nutrient leaching, and reduces the risk of diseases associated
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with excessive moisture. Furthermore, automated systems reduce labor requirements and provide farmers with greater control and flexibility over their
irrigation operations.

LITERATURE SURVEY:-
M. S. Gbadamosi, A. T. Adeyeye, and T. O. Adejuyigbe, in their paper describes the design and implementation of an automatic irrigation system using
Arduino, providing insights into the system architecture and functionality [1].

N. Sudha and V. Sivakumar, presented an automatic irrigation system based on Arduino, discussing its design, components, and performance in ensuring
efficient water usage for crop irrigation in their work [2].

M. R. Iquebal, A. F. Khan, and M. A. H. Ansari in their paper focuses on the development of an intelligent irrigation system using Arduino, highlighting
the incorporation of intelligent decision-making algorithms for optimized water management [3].

R. Ravishankar, M. K. Gayathri, and N. A. Chennakeshava, presented a smart irrigation system utilizing Arduino, discussing the system's components,
design, and efficiency in water conservation and crop yield enhancement [4].

S. Fatima, A. I. Khan, and M. Y. Rehman, in their review paper discussed about loT-based smart irrigation systems, including Arduino-based
implementations, focusing on their features, benefits, and potential for optimizing irrigation practices [5].

J. M. Domingo-Montesinos, R. J. Peralta-Quiros, and R. Morales-Menendez, discussed about the importance of soil moisture monitoring in irrigation
systems and present techniques and technologies for efficient water management in agriculture [6].

S. Ibrahim, M. A. Saeed, and N. Abdulgader, presented an loT-based smart irrigation system that utilizes Arduino microcontroller, discussing its design,
implementation, and benefits for water conservation and crop growth [7].

A. M. Shaikh and M. A. Shaikh, described an automatic irrigation system using a soil moisture sensor, emphasizing the importance of soil moisture
measurement for precise irrigation control [8].

M. N. A. Rahman, M. H. Rahman, and M. S. A. Mamun, presented the design and implementation of an automatic irrigation system using Arduino,
discussing the system architecture, sensor integration, and performance evaluation [9].

V. K. Singh and S. Rana, presented a smart irrigation system utilizing Arduino and Zigbee technology, highlighting the design aspects, wireless
communication, and benefits of the system [10].

A. Jain and S. Sharma, discussed a smart irrigation system based on loT principles, including the integration of Arduino, sensors, and cloud-based data
management for optimized water usage [11].

A. F. Essa, S. H. Alzahrani, and I. M. Al-Zahrani presented an automated irrigation system based on loT and wireless sensor network (WSN) technology,
highlighting the system's architecture, sensor network deployment, and data analysis [12].

H. Alahmadi, A. Mahmoud, and M. Al-Mouhamed presented a smart irrigation system based on the Internet of Things (loT), discussing the system's
components, communication protocols, and benefits for water conservation and crop yield optimization [13].

S. Singh and M. Saxena, described an loT-based smart irrigation system utilizing Arduino, highlighting the system's architecture, sensor integration, and
benefits in water conservation and crop growth [14].

S. Sharma and N. S. Sandhu, presented a smart irrigation system using Arduino, discussing the system's components, functionality, and benefits in water
optimization and crop yield improvement [15].

METHODOLOGY:-

The entire process underwent simulation under tinkercad platform.
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Figure 1: Circuit Diagram

This developed system monitors soil moisture levels and controls a motor accordingly, using an Arduino microcontroller, a moisture sensor, and an LCD
display.

The system operates in a continuous loop. First, the necessary libraries and pins are initialized. The LiquidCrystal library is included in code, and the
connections to the LCD display and the moisture sensor are defined.

In the setup() function, the pinMode() function sets the moisture pin as an input to read the analog values from the moisture sensor and the signalpin as
an output to control the motor. The lcd.begin() function initializes the LCD display with the specified dimensions.

The main functionality is implemented in the loop() function. The moisture value is obtained by using the analogRead() function to read the analog value
from the moisture pin. This value represents the moisture content in the soil. An if-else statement is then used to compare the moisture value with a
predefined threshold (400 in this case). If the moisture value is below the threshold, it indicates that the soil is dry and requires irrigation. In this case, the
signalpin is set to HIGH, activating the motor to provide water to the plants. The LCD display is updated to show the message "Motor is On" on the
second line.

Conversely, if the moisture value is above the threshold, it suggests that the soil has sufficient moisture, and irrigation is not required. The signalpin is
set to LOW, turning off the motor. The LCD display is updated to show the message "Motor is Off" on the second line.

On the LCD display, the first line always displays the message "Moisture Value...." to indicate that the displayed value corresponds to the moisture level.
The current moisture value is then shown on the second line using the Icd.print() function. The LCD display provides real-time feedback on the moisture
value and the motor status, ensuring efficient irrigation and plant care.

RESULTS AND DISCUSSIONS:-

Power Supply

Figure 2: Live working
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Figure 4: Moisture sensor values

Figure 5: Motor Working

Figure 6: Motor working moisture value

The integration of Arduino microcontroller, moisture sensor, and LCD display in this project demonstrates an automated irrigation system. By
continuously monitoring soil moisture levels, the system enables efficient water management and improves agricultural practices. The following
discussions shed light on the significance and potential implications on this work.

Water Conservation: By utilizing a moisture sensor, the system ensures that irrigation is only performed when the soil moisture falls below a specific
threshold. This targeted approach reduces water wastage and promotes responsible water usage. The automated control of the motor based on moisture
readings ensures optimal water supply to plants, preventing both under-irrigation and over-irrigation scenarios.
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Crop Health and Yield: Maintaining an appropriate moisture level in the soil is crucial for the health and growth of plants. With real-time monitoring and
control, the system can provide plants with adequate hydration, supporting their optimal development. By preventing moisture stress or waterlogging, the
project contributes to higher crop yields and better overall plant health.

User-Friendly Interface: The inclusion of the LCD display enhances the usability and accessibility of the system. It provides users with real-time feedback
on moisture levels and motor status, enabling quick and informed decision-making. The display also facilitates system troubleshooting and allows users
to monitor irrigation operations without physically inspecting the soil.

Scalability and Customization: The modular design of the system allows for scalability and customization based on specific agricultural needs. Additional
sensors, actuators, or communication modules can be integrated into the system to monitor and control other parameters such as temperature, humidity,
or nutrient levels. This flexibility enables the system to adapt to different crop types, soil conditions, and environmental factors.

Education and Research: Projects like this serve as educational tools and platforms for research in the field of precision agriculture. They provide hands-
on experience in implementing sensor-based irrigation systems, fostering innovation and knowledge transfer. Furthermore, data collected from the system
can be analyzed to gain insights into plant-water relationships, optimize irrigation strategies, and contribute to scientific studies related to agriculture and
water management.

Cost-Effectiveness: By automating the irrigation process, the system reduces labor requirements and minimizes human error. This leads to cost savings
for farmers and gardeners, particularly in large-scale agricultural operations. Additionally, the integration of affordable components, such as Arduino
microcontrollers and moisture sensors, ensures that the system remains cost-effective and accessible to a wide range of users.

CONCLUSION:

In conclusion, the integration of Arduino microcontrollers, moisture sensors, and LCD displays in automatic irrigation systems represents a significant
advancement in agriculture. These systems optimize water usage by monitoring soil moisture levels and delivering precise irrigation when needed,
resulting in water conservation and improved crop yield. The user-friendly interfaces provided by LCD displays enhance system control and
customization. The scalability of the system allows for expansion and integration of additional components, promoting versatility in agricultural
applications. Furthermore, the cost-effectiveness and accessibility of these systems make them valuable tools for farmers of all scales. Overall, automatic
irrigation systems hold great potential for sustainable and efficient agricultural practices, addressing water scarcity and ensuring food security.
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