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Abstract 

This study provides an integrated approach to enhance irrigation systems by fusing machine learning 

(ML) with Internet of Things (IoT) technologies. Agriculture is a major contributor to India’s economy, 

which is referred to as the backbone of the country. However, its production is highly dependent on 

several environmental and agronomic factors, with water being a critical resource. Irrigation consumes 

about 84% of the total available water in India; however, a significant portion is wasted due to poor 

management. We created a mechanism to automatically regulate water release valves based on the 

amount of soil moisture present in the crop’s root zone to overcome this difficulty. This system uses a 

predictive ML model that estimates more accurate irrigation durations. Furthermore, we integrated 

real-time soil sensors to collect critical data including nutrient level, pH, temperature, and rainfall, 

transmitting this information wirelessly to a mobile/web app. The app provides accurate real-time data 

and regulates valves to maintain optimal soil moisture levels. This innovative fusion of ML and IoT 

technologies empowers farmers with data-driven decision-making capabilities, ultimately leading to 

improved crop management and enhanced agricultural sustainability. 
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INTRODUCTION 

A sustainable food supply depends on agriculture using water as efficiently as possible, a problem 

that is becoming more urgent as global water shortages grow. Water is frequently wasted using 

traditional irrigation techniques because of overwatering or ineffective scheduling. However, new 

technologies have provided new approaches. The Internet of Things (IoT) and machine learning (ML) 

can be combined to make modern irrigation systems more intelligent, adaptable, and effective. 

 

While actuators manage the water distribution mechanism in an IoT-enabled irrigation system, 

sensors continuously track the soil moisture, meteorological conditions, and plant health. To determine 

the best watering schedule, ML algorithms evaluate the input from these sensors. They then modified 

irrigation in real-time according to crop needs and 

meteorological circumstances. 

 

By combining IoT and ML, we can reduce water 

usage while simultaneously increasing crop 

production and lowering labor expenses [1–2]. 

 

The foundation of many economies globally, 

agriculture is changing due to technological 

advancements. Ensuring sustainability and efficiency 

is crucial, and water resource management is a 

crucial issue at the center of this shift. 

 

In this regard, there has been considerable interest 

in the combination of IoT and ML technology [3]. 
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The goal of the “Automatic Irrigation System” project is to completely transform the irrigation process 

through a creative and all-encompassing approach. Irrigation is an important agricultural method that 

supplies water to crops or land through channels to promote growth. It serves as a possible primary 

source of income [4]. 

 

However, the urgent need to conserve water and minimize water waste while optimizing resource 

usage remains a complex challenge. Our project addresses this challenge by combining advanced ML 

algorithms with real-time data obtained from IoT-enabled soil sensors. 

 

This contributes to less water wastage and increased farm profitability. This holistic approach has the 

potential to transform the agricultural sector, ensuring food security and economic stability for farming 

communities [5]. 

 

LITERATURE REVIEW 

Experts have proposed several innovative ideas for automatic irrigation systems. An overview of the 

research being conducted in this field of technology can be found below. 

 

Chawla and Kumar (2019) [6] conducted research on autonomous plant watering systems. The soil 

moisture content was determined using a moisture sensor. Depending on the moisture or humidity level 

of the soil, the water pump is turned on or off. An Arduino was used in this investigation along with the 

Arduino IDE. By minimizing work and preserving crop health, this method enables farmers to monitor 

water usage in accordance with their crops. 

 

Research gap: The moisture content of the soil was measured using our project’s soil moisture sensor. 

When the soil moisture level drops, the sensor detects it and activates a water pump, which 

automatically hydrates the plant. When the soil becomes wet and the plants get enough water, the sensor 

determines that the soil has enough moisture, at which point the water pump shuts off automatically. 

 

An Android app and a soil moisture sensor were used in Goud et al.’s (2019) planned automatic 

watering system [7]. Sensors, controllers, and GSM kits are among the hardware components of the 

system. The field-installed sensor measures the moisture content of the soil and outputs the voltage 

interpreted by the controller. The user can remotely regulate water sources and receive notifications 

when the water supply starts or stops, owing to the GSM. 

 

Research gap: No Android application was used in our project. An Arduino, a timer module, an LED, 

a relay, a motor, and a soil moisture sensor were used. The soil moisture sensor employs Arduino to 

determine the soil moisture content and hydrate the plant if the moisture level falls below the threshold 

value. A timer module is included so that every 24 hours, the plant receives the necessary amount of water. 

 

Aggarwal and Kumar (2019) suggested an Arduino-based system that gathers data on crops, 

including moisture, pH, temperature, and humidity [8]. Artificial intelligence was used to analyze the 

gathered data to produce extremely precise outcomes. The system comprises three components: an 

artificial neural network model for data analysis and irrigation control, an Internet/Android app for data 

access and storage, and IoT-based data gathering. 
 

Archana and Priya provided a strategy that included placing soil moisture and humidity sensors in 

the root zone of plants [9–10]. Based on the detected readings, the microprocessor controlled the water 

supply of the field. However, farmers cannot learn the condition of the field from their technologies. 

 

PROBLEM STATEMENT 

In the twenty-first century, agriculture will encounter several difficulties, especially in areas with 

limited water resources. Efficient water management is crucial. Traditional irrigation methods sometimes 
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squander a large amount of water, which is detrimental to the environment and lowers the agricultural 

yield. This project addresses the pressing need for an intelligent automated irrigation system that 

optimizes water utilization and maintains optimal crop health. 

 

Requirements 

Hardware Requirements 

● Microcontroller: Microchip ATmega328P or Arduino UNO 

○ Operating voltage: 5V 

○ Input voltage: 7-20V 

○ Digital I/O pins: 14 

● Soil moisture sensor 

○ Operating voltage: 3.3V - 5V 

○ Dimensions: 3 cm × 1.5 cm (PCB) and 6 × 3 cm (probe) 

○ Cable length: 20 cm 

● Submersible pump 

○ Voltage: 180V-230V 

○ Maximum lifting height: 1.85 meters 

○ Power consumption: 18W 

○ Pipe size: 32 mm to 110 mm, with adjustable length 

● Relay module 

○ Supports single or multiple channels 

○ Operating voltage: 5V DC, 100 mA 

○ Load capacity: 30V 10A DC or 250V 10A AC 

● Power supply 

○ AC socket: 220V 

● RTC Module (DS3231 - AT24C32 IIC Precision RTC) 

○ Operating voltage: 3.3V - 5.5V 

○ Accuracy: ±2ppm (0–40°C), equivalent to ~1 min/month 

○ Backup battery: 3V-5V lithium coin battery 

● USB Cable: D-Type USB for power and data 

● Breadboard and jumper wires 

○ Various jumper wires (Male-to-Female, Male-to-Male, and Female-to-Female) for connecting 

the components 

 

Software Requirements 

● Arduino IDE 

○ Version: 1.8.16 (recommended) 

○ An open-source software used to write and upload code to Arduino boards. 

● CPU requirements 

○ Processor: Intel Core i5 (6th generation or above) 

○ Alternatively, an AMD processor equivalent 

● Memory (RAM) 

○ Minimum: 4-8 GB 

○ Recommended: 16 GB or higher for optimal performance 

● Operating system 

○ Ubuntu (Linux) or Microsoft Windows 10 

● Disk space 

○ Minimum: 5 GB of free storage 

● Python 

○ Version: 3.10.0 

○ Jupyter Notebook is recommended for prototyping and testing 

○ Any Python IDE can be used for development 
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This system uses the ATmega328P or Arduino UNO to control and automate tasks such as monitoring 

soil moisture with a sensor and controlling water flow using a submersible pump. The Real-Time Clock 

(RTC) module keeps track of time while the relay switches high-power devices on or off. The software 

is centered on the Arduino IDE for programming the microcontroller and Python (via Jupyter Notebook) 

for additional functionality and analysis. For development, an Intel Core i5 (or AMD equivalent) 

processor, sufficient RAM, and either Ubuntu or Windows 10 are required to ensure a smooth 

performance. 

 

Workflow Diagram 

The workflow shown in Figure 1 focuses on optimizing irrigation by measuring soil moisture, 

watering based on initial readings, and rechecking the moisture levels after watering. The collected data 

were stored and analyzed using ML to identify patterns between the moisture levels and irrigation 

duration. Over time, the system learns to predict the ideal amount of water needed to ensure that plants 

receive sufficient water without waste. By continuously refining its predictions, the process becomes 

more efficient, promoting water conservation while maintaining healthy soils and crops. 

 

DATA FLOW DIAGRAM 

Figure 2 illustrates an automated irrigation system that uses sensors, microcontrollers, and ML to 

optimize water usage. Here is an explanation of the key components: 

1. Sensors collecting data from the ground: Soil moisture sensors were used to gather real-time data 

on the soil water levels. 

2. Microcontroller: The main component that analyzes sensor data and decides what to do next 

using either an ML model or preset rules is the microcontroller. It manages all the different facets 

of irrigation. 

3. Automatic water flow in the field: By automating the water pump, the system ensures that water 

enters the field in accordance with the requirements identified by sensor data. 

4. Pump activation: The microprocessor initiates the pump and supplies water to the field when required. 

 

 
Figure 1. Workflow diagram of the ML-enhanced 

irrigation system. 
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Figure 2. Data flow diagram of the automated irrigation system. 

 

5. Collecting data for regular intervals: To track the moisture content of the soil and maintain the 

ML model current, the system collects data at predetermined intervals. 

6. Displaying necessary data to the farmer: With a connected device, the farmer may monitor the 

soil conditions and system performance by sharing vital information (such as a smartphone). 

7. Full control in case of emergency: The farmer can assume complete manual control of the system 

in the event of a problem or emergency. 

8. Improving model from all the incoming data: The machine learning model is regularly updated 

by the gathered data, improving the system’s ability to forecast the best times for water plants. 

9. Improved model prevents water wastage: The system becomes more effective as it learns and 

develops, using precisely the proper amount of water for the crops and cutting down on waste. 

 

This device helps farmers save water while guaranteeing that crops obtain the right amount of 

moisture by providing automation and control to enhance water management in agriculture. 

 

RESULTS 

A microcontroller (such as an Arduino or ESP32) processes sensor data and monitors soil conditions 

using sensors (primarily soil moisture sensors) in an autonomous watering system. A solenoid valve or 

water pump is triggered by a microcontroller to irrigate plants when the soil becomes dry. When the 

desired moisture level was attained, the water flow was immediately halted. This method guarantees 

effective irrigation, water conservation, and optimal plant health. The basic setup of the automatic 

irrigation system is shown in Figures 3–6. 

 

  
Figure 3. The basic setup of the automatic  

irrigation system - sensor and microcontroller 

Figure 4. Water pump and relay module setup 
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Figure 5. Complete hardware assembly of the  

automatic irrigation system. 

Figure 6. Testing of the automatic irrigation 

system. 
 

CONCLUSION AND FUTURE SCOPE 

In this project, we presented an innovative approach to minimize water waste during irrigation through 

the integration of ML and IoT technologies. Our project addresses the crucial need for sustainable 

agricultural practices by harnessing the power of data-driven decision-making and automation. 
 

We developed a predictive ML model capable of forecasting the optimized time for keeping the valve 

open based on key parameters, such as soil moisture, rainfall, temperature, and land area (Figure 1). 

Farmers are empowered to make well-informed decisions on crop management and resource allocation 

thanks to the integration of this model into an intuitive mobile application. Moreover, real-time soil sensor 

data, including vital indicators such as nutrient levels, temperature, and pH, ensure that farmers receive 

timely alerts and recommendations for nutrient supplementation (Figure 2). Our ML model regularly 

updates the data to maintain accuracy, even when weather changes, reduces water wastage, and enhances 

overall efficiency. Our project represents a holistic and sustainable approach to conserve water, promising 

higher yields, resource optimization, and greater food security in agricultural communities. 
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