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Abstract 

Current global technology significantly impacts agriculture, with automation playing a crucial role by executing 
procedures without assistance from any individual. This work aims to demonstrate how an individual can set up an 
affordable automatic irrigation system in a few hours by connecting various electronic components and materials. A 
sensor-based automated irrigation system has been designed and implemented, providing widespread use and 
significant advantages. This system aids daily activities by saving time and reducing labor. It makes use of a sensor 
technology in conjunction with a microcontroller, relay, DC motor, and battery. By measuring the moisture content of 
the soil and turning on irrigation as necessary, the device functions as an intelligent switch. The motor automatically 
turns on or off based on soil dryness. Sensor readings are transmitted to a computer for graph generation and analysis, 
allowing easy monitoring and control via a computer. Green roofs, nurseries, greenhouses, and gardens of all sizes can 
use this watering system.It conserves time, energy, reduces water wastage, and simplifies irrigation planning for 
farmers, enhancing their management of crops. 
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1. Introduction

In the quickly changing technology environment of today, smart irrigation systems have revolutionized the agricultural 
sector by leveraging automation to efficiently manage water usage and maintain optimal soil moisture levels without 
constant human intervention. This innovation's central component is the Arduino microcontroller, a flexible and 
reasonably priced platform that enables accurate irrigation process management and monitoring. A smart irrigation 
system using Arduino integrates components like soil moisture sensors, relays, DC motors, and batteries. The soil 
moisture sensors continuously monitor the soil's water content, and when it drops below a preset threshold, the 
Arduino processes this data and activates the relay, which in turn powers the DC motor to run the water pump. This 
automated process ensures that plants are watered only when necessary, preventing over-irrigation and under-
irrigation. It conserves water, reduces labor, saves time, and enhances agricultural efficiency. Additionally, it promotes 
sustainable farming by minimizing water wastage and ensuring crops receive adequate hydration. By adopting such a 
system, farmers can focus more on crop management and other essential tasks, thus improving productivity and yield. 

2. Block diagram

In this block diagram, the moisture sensor provides an analog voltage output, which connects to the analog input pins 
of the Arduino UNO and is powered by the board. The Arduino UNO controls a relay, which in turn operates the motor 
or pump. The "NO" (Normally Open) terminal of the relay is linked to the circuit ground, and it is used to turn the motor 
ON or OFF. An energy supply or battery isrequired to run the entire system. The microcontroller, sensors, and motor all 
function with energy supplied from this source. When the sensors detect low moisture or dryness, they send data to the 
microcontroller (Arduino UNO), which then activates the motor via the relay. Once the sensors determine that the soil 
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moisture level is adequate, They return data to the microcontroller, which turns off the motor using the same relay 
process. We can monitor the humidity level by using DHT 11 sensor. 

 

Figure 1 Block Diagram of Smart Irrigation System 

3. Components description 

3.1. DHT 11 sensor 

The DHT-11 is a simple, very cheap digital sensor that measures temperature and humidity. It uses a capacitive humidity 
sensor and thermistor to measure the ambient air quality before sending a digital signal on the data pin (analog input 
pins are not needed). This sensor may be easily interfaced with any micro-controller, such as an Arduino, Raspberry Pi, 
or other device, to quickly measure temperature and humidity. For the DHT11 sensor, there are two options: a sensor 
and a module. This sensor can be identified from the module by its pull-up resistor and power-on LED. DHT 11 sensor 
has a thermistor to sense the surrounding air temperature in addition to a capacitive humidity sensor. 

 

Figure 2 DHT 11 Sensor 

3.2. Soil sensor 

A soil moisture sensor is an electronic device designed for determining the soil's water content, crucial for optimizing 
irrigation in agriculture and horticulture. These sensors typically use probes or electrodes inserted into the soil to detect 
moisture levels by measuring electrical resistance or capacitance, which changes with the soil's water content. The 
sensor connects to a microcontroller, such as an Arduino, to process and convert this data into readable moisture levels. 
There are two primary types of soil moisture sensors: resistive, which measure electrical resistance, and capacitive, 
which measure changes in dielectric permittivity. By providing real-time soil moisture data, these sensors facilitate 
efficient water use, promoting healthier plant growth and higher yields while preventing over-irrigation. They are 
widely used in applications from large-scale farming to home gardening and environmental monitoring, offering a cost-
effective and user-friendly way to maintain optimal soil moisture levels. 
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Figure 3 Soil Sensor 

3.3. Arduino UNO 

A well-known microcontroller board based on the ATmega328P chip is the Arduino Uno. It is a member of the Arduino 
family, which is known for its open-source hardware and software. It provides an easy-to-use platform for developing 
interactive electronic projects, featuring digital input/output pins, analog inputs, PWM outputs, and moreTheArduino 
IDE (Integrated Development Environment) makes programming the board easier by streamlining the authoring and 
uploading of code. An detachable dual-inline-package (DIP) ATmega328 AVR microcontroller, six analog inputs, a 16 
MHz crystal oscillator, fourteen digital input/output pins (six of which can be used as PWM outputs), a USB port, a power 
jack, an ICSP header, and a reset button are all included in the most recent version, the Arduino Uno R3. All necessary 
components for microcontroller support are included, allowing for USB connection to a computer, battery, or AC-to-DC 
converter powering. Unlike previous boards, the Uno does not use the FTDI USB-to-serial driver chip. For those new to 
embedded electronics, the Arduino Uno is a great choice because of its large support network. 

 

Figure 4 Arduino UNO 

3.4. Relay 

A relay is a switch operated electrically, allowing a low-power signal to command a circuit with high power. It comprises 
an electromagnet, armature, contacts, spring, and enclosure. When the electromagnet is energized by the control signal, 
the armature moves, opening and closing the circuit contacts. Different types of relays include electromechanical, solid-
state, reed, time-delay, and polarized variants. They are utilized in automotive systems, telecommunications, industrial 
automation, home appliances, and power systems. Relays offer a reliable means to control high-power devices safely 
and efficiently, playing a vital role in enabling remote control, automation, and circuit protection. 
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Figure 5 Relay Circuit 

3.5. Water pump 

A submersible pump is designed to operate underwater, wells, boreholes, or reservoirs to raise the water's surface 
through pumping. These pumps are often used to get water from underground sources, such as groundwater wells or 
storage tanks. They are characterized by hermetically sealed motor enclosures, allowing them to function efficiently 
and safely while fully submerged. Submersible pumps are commonly employed in residential, commercial, agricultural, 
and industrial settings for various purposes, including the availability of water, irrigation, drainage, and wastewater 
treatment. 

 

Figure 6 Submersible Pump 

4. Design and implementation 

The Arduino board receives a signal from the detector when the soil begins to dry out, and it uses that signal to activate 
the pump. Once the required moisture content of the soil is reached, the Arduino turns off the pump. The soil moisture 
detector functions as a variable resistor, meaning its resistance changes based on the conductivity between its two 
probes. The conductivity of these probes changes with the moisture content of the soil when they are inserted. 
Resistance is high and conductivity is low in dry soil, while resistance is low and conductivity is high in humid soil.  

Therefore, the resistance of the sensor and soil moisture have an inverse relationship. This shift in resistance can be 
compared to the output voltage. The analog output voltage falls with increasing soil moisture content and vice versa. 
Analog input for the Arduino is provided by the output voltage of the sensor. From 0% to 100%, the Arduino determines 
the soil's moisture content by converting this input into a digital value. The Arduino utilizes a transistor to initiate the 
pump using a relay when the moisture level falls below a preset threshold, like 10 or 20%. The earth gets wetter as the 
pump runs. The moisture content of the soil is continuously monitored by the Arduino. Upon reaching the targeted 
moisture level (such as 90 or 95%), the Arduino deactivates the relay, so stopping the pump. Repetition of this cycle 
guarantees that the plant receives water whenever the soil dries out. 
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Figure 7 Circuit Diagram 

 

 

Figure 8 Flow Chart 
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4.1. Simulation Settings 

 

Figure 9 Simulation Diagram 

4.2. Arduino Code 
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5. Result 

The smart irrigation system demonstrated significant improvements in water management efficiency compared to 
traditional methods. Through continuous monitoring of soil moisture levels,weather conditions, the system effectively 
optimized irrigation schedules to meet the specific needs of crops. Data analysis revealed substantial water savings, less 
waste of water, and enhanced crop quality and output. The results highlight the effectiveness of the smart irrigation 
system in conserving water resources while enhancing agricultural productivity. The automated and real-time 
monitoring features of the system reduce the reliance on manual labor and minimize human error in irrigation 
management. Considerations for scalability, cost-effectiveness, and compatibility with existing agricultural practices 
are addressed to facilitate the adoption of smart irrigation technology in real-world settings. In conclusion, the smart 
irrigation system project demonstrated the possibilities for technologies based on microcontrollers to revolutionize 
water management in agriculture, improving agricultural output, preserving resources, and maintaining the 
environment.Further research and collaboration are needed to address remaining challenges and accelerate the 
adoption of smart irrigation systems that help farmers, communities, and the planet.  

 

Figure 10 Hardware Output 
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6. Conclusion 

In summary, the utilization of Arduino UNO in the Smart Irrigation System signifies a significant leap in agricultural 
technology, providing an effective and automated method for managing water resources. Through the integration of 
diverse components such as moisture sensors, relays, and pumps with the Arduino UNO microcontroller, this system 
guarantees precise and timely watering for plants based on real-time soil moisture readings. The automation facilitated 
by Arduino UNO reduces human involvement, resulting in water conservation and decreased labor expenses. Moreover, 
by preventing both excessive and inadequate watering, the system encourages sustainable farming methods, thereby 
aiding environmental preservation efforts. The affordability and user-friendly interface of the Arduino-based system 
render it accessible to a wide spectrum of users, ranging from small-scale farmers to large agricultural enterprises. 
Ultimately, the Smart Irrigation System employing Arduino UNO emerges as a pivotal instrument for enhancing crop 
yields, curbing water wastage, and propelling the adoption of sustainable agricultural practices within the swiftly 
evolving technological field. 
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