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ABSTRACT: Agriculture accounts for nearly 70% of the world’s available freshwater resources, 

underscoring the importance of irrigation systems to promote sustainable agriculture practices. Traditional 

irrigation practices lead to water waste and undermined crop yield through over- and under-irrigation 

scenarios. We propose a Smart Irrigation System based on Artificial Intelligence (AI), that leverages 

Internet of Things (IoT) sensors and machine learning (ML) algorithms, to maximize water usage. IoT soil 

moisture, temperature, and humidity sensors collect data from the field that the AI model, developed from 

the sensor data, then processes to determine irrigation needs. The irrigation system can automatically 

control water pumps through micro-controllers to efficiently deliver water to the crops in a timely and 

precise manner. Results from field experiments conducted on tomato crop fields demonstrated a 25--30% 

reduction in water usage and 12% increase in crop yield relative to conventional irrigation systems. Thus, 

the system is positioned as a scalable, cost-effective, and sustainable data-driven agricultural solution. 

Keywords: Smart Irrigation, Artificial Intelligence, IoT, Machine Learning, Precision Agriculture, Water 

Management. 

[1] INTRODUCTION 

Water shortage represents one of the major problems of 

contemporary agriculture. Traditional irrigation 

technologies, such as flood irrigation or fixed schedule 

watering, typically resulted in inefficient irrigation 

systems [1][8]. Emerging technology like the Internet 

of Things and Artificial Intelligence provide ways to 

integrate intelligent irrigation schemes that adapt to in 

field conditions instantaneously[2][3][5].  

The proposed AI based Smart Irrigation System 

will:Monitor soil and climate parameters in real time 

and predict irrigation needs based on machine learning. 

Automate water delivery using micro-controllers and 

actuators. 

Reduce water use and improve crop yields. 

The focus of this paper will be an implementation of a 

functional homemade smart irrigation prototype tested 

on tomato crops [4][6][7]. The setup consists of IoT-

based sensors, micro controller and actuators: 

• Soil Moisture Sensor (YL-69): Measures water 

content in the soil.  

• DHT11 Sensor: Monitors temperature and 

humidity. 

[2] METHODOLOGY 

The process of implementing the Smart Irrigation 

System using Artificial Intelligence includes the 

configuration of the hardware, collection of data, 

preprocessing, development of AI model, and 

integration of system. 

2.1 Configuration of Hardware 

• Rain Sensor: Detect rainfall to avoid over-

irrigating. 

• Microcontroller (ESP32/Arduino Uno): 

Responsible for gathering information pulled 

from sensors as well connecting with cloud 

services. 

• Relay Module and DC Water Pump: Automated 

way to control the water.  

 

2.2 Data Gathering 
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• Sensor data is gathered every 10 minutes. 

• Parameters are soil moisture (%), temperature 

(°C), humidity (%), and rainfall detection. 

• The data is sent via Wi-Fi to a cloud database 

(ThingSpeak/Firebase) for storage and 

processing. 

2.3 Data Preprocessing 

• Noise removal involved removing bad data 

from sensor readings. 

• Normalization involved to scale the data 

values for input into the AI model. 

• Feature selection involves the selection of 

certain attributes (soil moisture, humidity, 

temperature, rain) to make predictions 

about irrigation. 

2.4 AI Model Development 

Two AI approaches were utilized for irrigation 

decision-making. 

1. Random Forest Regressor: The prediction of soil 

moisture necessity based on the input attributes. 

2. LSTM (Long Short-Term Memory) Neural 

Network: The learning of time series from soil 

moisture contingencies and associated weather 

conditions. 

Training dataset: 10,000 sensor readings collected 

over 60 days. 

• Output variable: Irrigation necessity (ON/OFF 

or water volume in Liters). 

Model deployment state: The AI model was 

deployed onto a cloud server and was linked to the 

microcontroller via APIs 

 

2.5 Irrigation Decision and Control  

• The trained AI model predicts whether 

irrigation is needed or not.  

• If the predicted soil moisture is less than a 

threshold, the pump is switched on.  

• If it rains or soil moisture is greater than the 

threshold, then no irrigation is applied.  

• The control of the pump is performed by relays 

linked to the microcontroller.   

2.6 User Interface and User Control  

• A mobile/web dashboard displays real-time 

sensor data, the status of the irrigation, and 

advice from the AI system.  

• The system can be overridden or controlled 

directly by the farmer at any time.  

2.7 Workflow 

1. Sensors take readings of the farm in real time.  

2. Data is uploaded to the cloud database for 

processing.  

3. AI model processes the data and forecasts 

irrigation requirement.  

4. Decisions are sent to microcontroller.  

5. Pump is switched ON or OFF automatically.  

6. Farmer receives notification on a mobile app of 

any actions taken by the irrigation system. 

III. SYSTEM ARCHITECTURE 

The Smart Irrigation System being developed 

follows a layered architecture that combines IoT 

sensing, AI-based decision-making, and automation 

in irrigation control. The architecture is represented 

as four main layers: Perception, Processing, 

Decision, and Application.[9] 

 

 

 

3.1 Perception Layer (Data Acquisition) 

• The crop field has sensors for measuring 

soil moisture, temperature, humidity, and 

rainfall. 

• These sensors provide readings pertaining 

to environmental and/or soil conditions on 

a continuous basis. 

• Initial processing occurs with the 

microcontroller (ESP32/Arduino Uno). 

 

3.2 Processing Layer (Data Transmission and 

Storage) 

• The microcontroller transmits sensor 

readings via Wi-Fi to a cloud database 

(ThingSpeak/Firebase). 
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• Stored data is then preprocessed to filter out 

noise and anomalies.[10-16] 

• Normalized data is then used a predictor 

within the AI-based prediction model. 

 

3.3 Decision Layer (AI Model and Control Logic) 

• A machine learning model (Random 

Forest/LSTM) analyzes soil and weather 

data to assess irrigation need. 

• The model outputs: 

o If soil moisture < threshold → 

Irrigation would be required. 

o If rainfall or soil moisture is 

sufficient → Irrigation can be 

skipped. 

• The irrigation decision would be sent back 

to the microcontroller. 

• The microcontroller would trigger the relay 

module to turn on or off the water pump. 

 

3.4 Application Layer (User Engagement) 

• The mobile/web application dashboard 

• allows users to monitor soil moisture, 

weather, and irrigation status in real time. 

• Farmers would receive alerts regarding 

irrigation events.[17-19] 

• There is a manual override if farmers want 

to control the pumps on their own. 

IV. EXPERIMENTAL RESULT  

4.1 Experimental Setup 

• To test the proposed Smart Irrigation 

System, a 20m × 20m piece of farmland 

planted with tomatoes was monitored over 

60 days to verify our experimental setup. 

• Sensors used for the different parameters 

included soil moisture, temperature & 

humidity via a DHT11 sensor, and a rain 

sensor. 

• The system was controlled with an ESP32 

microcontroller with relay module, 

operating a 12V DC water pump used to 

control irrigation within the plot. 

• An AI model using a Random Forest 

Regressor was previously trained using 

10,000 readings from the sensors. 

• The baseline for comparison was 

traditional manual irrigation utilizing a 

fixed schedule consisting of irrigation 

twice daily.[20-23] 

4.2 Observations 

• The prediction of irrigation needs based on 

different environmental parameters by the 

AI model works with a 91% accuracy. 

• Irrigation only occurred when needed 

avoiding excess or inefficient irrigation. 

• Water usage was significantly lower than 

previous models.  

Fig 1: Result Graph 

 

V. CONCLUSION 
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This study shows a successful Smart Irrigation 

System utilizing Artificial Intelligence to decrease 

water use and increase crop yield. The system will 

incorporate IoT-enabled sensor devices and cloud 

data storage in conjunction with AI predictive 

models for real-time determination of environmental 

and soil conditions, irrigation requirements, and 

pump delivery of the water by microcontroller. Tests 

of the system were conducted on tomato crops and 

showed that the proposed system improved 

productivity by about 12% and decreased water 

consumption by 30% compared to standard 

irrigation practices.  
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