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Abstract:-The Arduino-based Automatic Irrigation System is a smart and cost-effective solution to modernizing
agricultural methods. The device automates the irrigation process by integrating Arduino microcontrollers and
soil moisture sensors, ensuring crops receive ideal water levels. Water pumps that activate when soil moisture
falls below a predetermined level minimize the need for manual intervention, saving farmers time. This
computerized technique not only improves efficiency but also promotes sustainable agriculture by accurately
regulating water supplies. The application of technology into irrigation operations demonstrates potential
benefits for modern, environmentally conscious farming. The article describes a low-cost Arduino-based
equipment that improves irrigation efficiency by using a soil moisture sensor. An Arduino-UNO with an ADC
converter, a soil moisture sensor, a real-time LCD display, and a water pumping motor are all part of the system.
This comprehensive system handles both water scarcity and surplus water issues, resulting in improved farming
practices. The low-cost Arduino-based solution may optimize the irrigation process, making a significant
contribution to the agriculture sector's technological growth.
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1. Introduction

The Arduino-powered Automatic Irrigation System marks a significant improvement in precision agriculture.
Agriculture, being the backbone of global economies, is always seeking innovative methods for improving
output and sustainability. The use of Arduino microcontrollers together with automated irrigation technology is
a novel method in this field of study. The approach is intended to address the critical issue of optimizing
agricultural use of water. The system uses real-time data from soil moisture sensors and the capabilities of
Arduino microcontrollers to automate the watering process. These sensors monitor soil moisture levels
continuously and give a dynamic feedback loop to the Arduino. When moisture levels fall below a
predetermined threshold, the Arduino commences water pumps, allowing crops to receive precisely the quantity
of water they needed.

This technology is significant additionally for its capacity to expedite the irrigation process, but also for its
potential to change agricultural resource management. The Automatic Irrigation System provides a more
effective and sustainable approach to water management by reducing the need for manual monitoring and
offering a customized response to soil conditions. This is especially important in a world battling with water
shortages and environmental conservation.

We discover a possibilities for modern farming as we go into the specifics of this system, investigating
components such as the Arduino microcontroller, soil moisture sensors, and the effortless integration of
technology. The discussion that follows will show how this Automatic Irrigation System exemplifies the
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intersection of agriculture and cutting-edge technology, promising better yields, resource conservation, and a
more sustainable future for global agriculture.

2. Literature Review

Numerous scholars have been actively involved in improving agricultural techniques by providing enough water
supply while also encouraging water conservation. This study highlights numerous technologies that have been
utilized in various techniques to increase agricultural production.

This study investigates the introduction of Arduino microcontrollers into a precision agriculture smart irrigation
system, focusing on the design and execution components that demonstrate its usefulness in optimizing water
usage and increasing crop yield [1]. Another research looks at the sustainability aspects of Arduino-powered
automated irrigation, evaluating its contributions to resource efficiency, water conservation, and supporting
sustainable farming practices [2].

An article focused on the sensor technologies used in Arduino-driven irrigation systems provides an in-depth
examination, explaining the sensor categories, their accuracy in sensing soil moisture, and their function in
automating irrigation processes [3]. Research looks at the design of user-friendly interfaces for automated
irrigation systems, mentioning the necessity of accessibility for users with varied degrees of technology literacy

[4].

Another article studies Arduino-controlled irrigation pumps in terms of energy efficiency, demonstrating how
optimizing pump activation depending on soil moisture levels might contribute to energy saving in agriculture
[5]. A review study recommends future research options to address difficulties such as scalability and
maintenance that prevent large-scale implementation in addressing challenges in widespread adoption [6].

Research analyzes the benefits and problems of implementing wireless technology into Arduino-based irrigation
systems, emphasizing better data sharing and coordination in large agricultural fields [7]. An article discusses
the significance of Arduino microcontrollers in collecting and interpreting data from soil moisture sensors in a
data analytics discussion, stressing how analytics-driven insights support informed decision-making in irrigation
practices [8].

A study investigating the integration of solar electricity with Arduino-controlled irrigation systems, analyzing
the feasibility and advantages of utilizing renewable energy sources in agricultural settings [9]. Another research
looks at the influence of meteorological conditions on irrigation, explaining how weather forecasting data may
be integrated into Arduino-controlled systems and how real-time weather information enhances irrigation plan
accuracy [10].

In terms of economics, study examines the financial issues of installing Arduino-based irrigation systems in
poor nations, doing a cost-benefit analysis to analyze possible consequences and advantages for farmers in
resource-constrained regions [11]. Finally, an essay investigates the use of blockchain technology to secure data
in Arduino-controlled agricultural systems, addressing how blockchain improves data integrity and security in
the context of smart irrigation [12].

3. Hardware Description
3.1 Arduino Microcontroller (e.g., Arduino-UNO):

The Arduino Microcontroller, as illustrated by the Arduino-UNO, serves as the central processing unit of the
Automatic Irrigation System, offering the computing capability and flexibility required to automate and improve
irrigation activities. Because of its programmability, input/output capabilities, and open-source nature, it is a
popular choice for a wide range of applications involving electricity. Implies in Fig. 1
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Fig.1 Arduino Microcontroller (e.g., Arduino-UNO)

Technical Specifications: Microcontroller: ATmega328P; Operating Voltage: 5V; Input Voltage
(recommended): 7-12V; Input Voltage (limits): 6-20V; Digital 1/0 Pins: 14 (of which 6 provide PWM output);
Analog Input Pins: 6; DC Current per 1/0 Pin: 20 mA; DC Current for 3.3V Pin: 50 mA; Flash Memory: 32 KB;
SRAM: 2 KB (ATmega328P); EEPROM: 1 KB (ATmega328P); Clock Speed: 16 MHz; LED_BUILTIN: 13;
Length: 68.6 mm; Width: 53.4 mm; Weight: 25 g; USB Interface: ATmegal6U2; Schematic: Arduino UNO
Schematic

Key Features are,
o Powered by the ATmega328P MCU, which provides computing capabilities for program execution.

o Easily programmable using the Arduino Integrated Development Environment (IDE), which is based on C
and C++ and allows for customisation for individual irrigation needs.

¢ Includes a set of digital pins for processing binary signals as well as analog pins for accurate measurement
and control.

¢ An integrated ADC makes it easier to convert analog signals, such as those from soil moisture sensors, into
digital values for interpretation.

e Supports various serial communication connections, including USB, for simple connectivity, programming,
and device interfacing.

e Onboard Flash memory for storing computer code, allowing specific irrigation algorithms and logic to be
executed.

e SRAM enables temporary data storage during program execution, which is critical when dealing with
variables and dynamic data.

e Designed with accessibility in mind, it is suitable for both beginner and experienced programmers for
instructional and prototyping purposes.

3.2 Soil Moisture Sensor:

Soil moisture sensors are essential parts of smart irrigation systems because they provide critical data for
effective and automated water management in agriculture. They help to conserve resources and increase
agricultural output by ensuring plants receive the appropriate quantity of water depending on real-time soil
moisture conditions.

Fig.2 Soil Moisture Sensor
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3.3 Relay:

Relays are essential components in Automatic Irrigation Systems, providing the required control and separation
between low-voltage control circuits and higher-voltage loads such as water pumps, hence adding to the
efficiency and automation of irrigation processes.

Fig.3 Soil Moisture Sensor
3.4 Motor:

Motors are vital parts of Automatic Irrigation Systems because they provide the mechanical force required to
pump water. Their efficiency, controllability, and compatibility with automation systems all contribute to
current irrigation methods' overall efficacy and sustainability.
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Fig.4 D.C Brushless Motor
3.5 LCD Display

LCD displays are important visual interfaces in Automatic Irrigation Systems because they provide users with
real-time information for monitoring and managing the irrigation operation. Their adaptability, communication
capabilities, and user-friendly design help contemporary irrigation systems run more efficiently.

4, Methodology

A schematic block of the automatic watering system in Figure. 5 shows the operating flow of the system,
beginning with the Arduino activating the soil moisture sensor upon power acquisition. The sensor separates
moist from dry soil by measuring soil conductivity with two pins. A comparator in the sensor compares the
observed voltage to a predefined value before sending the analog output to the Arduino via the analog pin.
When soil moisture falls below a certain level, the system starts the pump and delivers targeted watering. If the
moisture level reaches the threshold, the pump deactivates. This dynamic management guarantees accurate
watering that is matched to the soil's moisture requirements. An embedded LCD gives real-time feedback,
displaying field status graphically. It communicates if soil moisture levels are within required ranges and
whether the irrigation system is running or in standby mode. This LCD integration allows for simple
monitoring, allowing for more informed judgments in soil moisture and irrigation management.
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Fig. 5 Schematic block of the automatic watering system.
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Fig. 6 A Flowchart for an Automated water
Irrigation System

Arduino programming for an automated
watering system:

const int soilMoisturePin = AQ; // Analog pin for soil
moisture sensor

const int pumpPin = 7;
pump

int soilMoistureThreshold = 500; // Adjust this value
based on your soil and requirements

/I Digital pin for irrigation

int pumpDuration = 5000; /I Time duration for
pump activation in milliseconds (5 seconds in this
example)

void setup () {

pinMode (soilMoisturePin, INPUT);

pinMode (pumpPin, OUTPUT);

}

void loop () {

int soilMoisture = analogRead(soilMoisturePin);
if (soilMoisture<soilMoisture Threshold) {

/' Soil is dry, activate the pump

digitalWrite (pumpPin, HIGH);

delay(pumpDuration); // Allow the pump to run for the
specified duration

digitalWrite (pumpPin, LOW); // Turn off the pump
}

/I Add a delay to avoid constant checking and conserve
resources

delay (1000); // Adjust this delay based on your
requirements

}
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Comparison of water consumption with and without sensor
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Fig. 7 Comparison of water consumption with and without sensor
5. Result And Discussion

We compared manual watering with predicted quantities to an Arduino-based automated irrigation system in our
month-long plant irrigation experiment (Fig.7). According to the investigation, manual watering frequently
resulted in excessive water consumption, surpassing the ideal needs for plant development and resulting in
waste.

The Arduino system, on the other hand, assessed soil moisture levels, assuring exact water supply and reducing
waste. Daily water consumption data (Fig.7) revealed considerable variances based on variables such as
weather, soil type, and kinds of plants.

We focused on weather and plant kind as vital aspects. Weather variations influenced evaporated water, with
windy and dry days contrasted with sunny, cool days. Three plant varieties were used in the experiment: roses
(1-3 LPD), jasmine (0.25-1 LPD), and Hibiscus (1-2 LPD).

When compared to the manual technique, which is prone to runoff and evaporation, the automatic system
performed better in terms of water conservation. Fig. 7 depicted situations where the manual technique delivered
inadequate water, such as days 10, 16, 19 and 24. The Arduino system supplied an enough water supply in such
instances, avoiding plant drainage and improving efficient use of water.

6. Conclusion

Finally, the Arduino-based Automatic Irrigation System is a revolutionary solution for precision agriculture. Its
ability to manage irrigation using real-time data from soil moisture sensors ensures that crops have adequate
water. The technology actively encourages water conservation and sustainable agricultural practices by
decreasing human intervention and dynamically adjusting to soil conditions. The low-cost Arduino-based
technology demonstrated in this work has the potential to change irrigation operations, considerably
contributing to agricultural development. Agriculture's confluence with cutting-edge technology holds promise
for improved vyields, resource conservation, and the development of a more sustainable future for global
agriculture. The Arduino-based Automatic Irrigation System emerges as an innovative precision agricultural
beacon, opening the way for more efficient and environmentally friendly methods of farming.
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