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Abstract: Agriculture plays an important role in economic development, but traditional farming methods face challenges
such as water wastage, unpredictable climate conditions, soil degradation, and low crop productivity. Farmers also find
it difficult to continuously monitor field conditions manually. To overcome these problems, this project proposes an Al-
Based Smart Farming Monitoring System using Artificial Intelligence (AI), Internet of Things (IoT), and real-time
monitoring technologies. The system uses sensors to collect environmental data such as soil moisture, temperature,
humidity, and rainfall. The collected data is processed and analysed to support smart irrigation and crop management
decisions. A web dashboard allows farmers to monitor field conditions remotely and receive real-time alerts. The system
also automates irrigation based on soil moisture levels, reducing water wastage and manual effort. The proposed system
improves farming efficiency, supports sustainable agriculture, and helps increase crop productivity.
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1. INTRODUCTION

Agriculture is one of the most important sectors contributing to a country’s economy and food production. However,
traditional farming methods face many challenges such as irregular rainfall, water scarcity, poor soil quality, crop
diseases, and inefficient irrigation practices. Farmers usually depend on manual monitoring, which requires significant
time and labor.

Recent advancements in Artificial Intelligence (Al) and Internet of Things (IoT) technologies have introduced smart
solutions for modern agriculture. IoT sensors can continuously monitor environmental conditions and send data for
analysis in real time. Al-based systems help farmers make better decisions related to irrigation, crop monitoring, and
environmental management.

The proposed Al-Based Smart Farming Monitoring System uses sensors to measure soil moisture, temperature, humidity,
rainfall, and light intensity. The sensor data is transmitted through ESP8266 modules to a Flask-based backend server for
processing and storage. Farmers can access the information through a web dashboard and receive alerts when abnormal
environmental conditions are detected.

The system also supports automated irrigation control based on soil moisture levels. This reduces water wastage,
improves crop productivity, and minimizes manual work. The proposed system aims to provide a cost-effective and
efficient smart farming solution for modern agriculture.

2. RELATED WORK

Modern agriculture increasingly uses IoT, Al, and Machine Learning technologies to improve crop productivity and
farming efficiency. Traditional farming methods often lead to water wastage, delayed disease detection, and lower
agricultural yield due to the lack of continuous monitoring.

Several researchers have proposed smart irrigation systems using soil moisture sensors and wireless communication
technologies. These systems automatically control water supply based on soil conditions, helping reduce water
consumption and improve irrigation efficiency.

Machine Learning techniques are also used in agriculture for crop prediction, disease detection, and environmental
monitoring. Al-powered systems analyze sensor data and provide recommendations for irrigation and crop management.
Researchers have also developed cloud-based agricultural monitoring systems that allow farmers to remotely monitor
environmental conditions using web dashboards and mobile applications. Precision farming techniques using IoT sensors,
drones, and automation technologies have further improved agricultural management.
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Although many smart farming systems exist, challenges such as high implementation cost, limited scalability, and

inefficient monitoring still remain. The proposed Al-Based Smart Farming Monitoring System addresses these issues by
integrating real-time monitoring, automated irrigation, and intelligent analysis into a simple and scalable solution.

3. METHODOLOGY

The proposed Smart Farming Monitoring System uses loT sensors, ESP8266 microcontrollers, a Flask backend server,
and a web dashboard for real-time monitoring and analysis of agricultural fields.

3.1 System Architecture
The system architecture consists of three main components:

Fig 1: System Architecture —~ Smart Agriculture Al Monitor System
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1. Sensor Layer — Collects environmental data such as soil moisture, temperature, humidity, rainfall, and light
intensity.

2. Processing Layer — Uses ESP8266 and Flask server to process and store sensor data.

3. Application Layer — Displays real-time data and alerts through a web dashboard.
The sensor data is continuously collected and transmitted wirelessly to the server using Wi-Fi communication.
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3.2 Functional Block Description

Fig 2: Smart Agriculture Al Monitor System — Block Diagram
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The system uses [oT sensors connected to ESP8266 modules for collecting environmental information from agricultural
fields. The collected data is transmitted to the Flask server, where it is processed and stored in a database.

The system analyzes the data and provides irrigation recommendations. If abnormal conditions such as low soil moisture
or high temperature are detected, alert notifications are generated. Farmers can monitor the field remotely through the
dashboard.

3.3 Dataset Collection and Preparation
The dataset is collected from IoT sensors installed in agricultural fields. The collected parameters include:
e  Soil moisture
e Temperature
e  Humidity
e Rainfall
e Light intensity
The sensor data is cleaned and organized before analysis. Invalid and missing values are removed to improve data
accuracy and system reliability.
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3.4 Real-Time Monitoring and AI-Based Analysis
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The real-time monitoring module continuously collects environmental data from IoT sensors installed in agricultural
fields. The system monitors important parameters such as soil moisture, temperature, humidity, rainfall, and light
intensity. The collected sensor data is transmitted to the Flask backend server using ESP8266 modules through Wi-Fi
communication. The backend server processes, stores, and analyses both current and historical sensor data for monitoring
purposes. Al-based analysis is used to identify abnormal environmental conditions and support smart irrigation planning.
The system automatically generates alerts when critical conditions such as low soil moisture or high temperature are
detected. A web-based dashboard displays real-time sensor values, graphs, and field conditions for farmers. Farmers can
remotely monitor their fields using computers or mobile devices. The system also supports automated irrigation control
based on soil moisture levels to reduce water wastage.

3.5 Performance Evaluation Metrics

Rewk time Sensor Dats Momtering -~ Merformance Over Time

- Tl M o Twmarwon ¥ o Iy % o Al inry
- i - "

vy W
E

- piite S ey
FZrTia 0 A (f" e Buta St L) dnren 0

N e

© 1IJARCCE This work is licensed under a Creative Commons Attribution 4.0 International License 1727


https://ijarcce.com/
https://ijarcce.com/

IJARCCE ISSN (O) 2278-1021, ISSN (P) 2319-5940

m International Journal of Advanced Research in Computer and Communication Engineering

Impact Factor 8.471 :: Peer-reviewed & Refereed journal :: Vol. 15, Issue 5, May 2026
DOI: 10.17148/IJARCCE.2026.155236

The performance of the Smart Farming Monitoring System was evaluated based on sensor accuracy, real-time data
transmission, server response time, and monitoring efficiency. The system continuously monitored environmental
parameters such as soil moisture, temperature, humidity, and rainfall using IoT sensors connected through ESP8266
modules. The Flask backend server processed sensor data efficiently and updated the dashboard in real time. The system
generated automated alerts whenever abnormal environmental conditions such as low soil moisture or high temperature
were detected. Historical sensor records and graphical analysis improved monitoring accuracy and decision-making. The
evaluation results showed that the system reduced water wastage, improved irrigation efficiency, and supported reliable
smart farming practices.

3.6 Backend Integration and Automation

The backend of the Smart Farming Monitoring System was developed using Python and Flask for handling real-time
communication, data processing, and automation tasks. IoT sensors connected through ESP8266 modules transmitted
environmental data such as soil moisture, temperature, humidity, and rainfall to the Flask server using Wi-Fi
communication. The server processed, validated, and stored the sensor data in a database for monitoring and future
analysis. The system automatically updated the dashboard with real-time sensor readings and generated alerts whenever
abnormal environmental conditions were detected. Automated irrigation control was also implemented based on soil
moisture levels, helping reduce manual effort and water wastage while improving farming efficiency.

3.7 Methodology Summary

The Smart Farming Monitoring System integrates [oT sensors, ESP8266 microcontrollers, a Flask backend server, and a
web dashboard to provide real-time agricultural monitoring and intelligent irrigation management. The system
continuously collects environmental data such as soil moisture, temperature, humidity, rainfall, and light intensity from
agricultural fields. The collected sensor data is transmitted wirelessly to the Flask server, where it is processed, analyzed,
and stored for monitoring purposes. The web dashboard displays real-time sensor values, historical records, graphical
analysis, and automated alerts for farmers. The system also supports automated irrigation based on soil moisture
conditions, reducing water wastage and manual labor. By combining IoT, automation, and Al-based analysis, the
proposed methodology improves crop monitoring, irrigation efficiency, and sustainable farming practices.

4. RESULTS AND DISCUSSION

The Smart Farming Monitoring System was tested using real-time sensor data collected from agricultural environments.
The system successfully monitored soil moisture, temperature, humidity, and rainfall conditions in real time.

The web dashboard displayed live sensor values, graphical analysis, and alert notifications effectively. Automated
irrigation control worked efficiently based on soil moisture conditions, reducing unnecessary water usage.

The Flask backend server provided reliable communication between IoT devices and the monitoring dashboard.
Historical data storage improved analysis and monitoring accuracy.

The proposed system demonstrated:
e Improved irrigation efficiency
e Reduced water wastage
e  Real-time environmental monitoring
e  Better crop management
e Reduced manual labor
The system proved to be reliable, scalable, and suitable for smart agriculture applications.

5. CONCLUSION AND FUTURE WORK

The Al-Based Smart Farming Monitoring System provides an efficient solution for modern agriculture using IoT and Al
technologies. The system continuously monitors environmental conditions using sensors and provides real-time data
analysis through a Flask-based backend and web dashboard.

The proposed system improves irrigation management, reduces manual effort, minimizes water wastage, and supports

sustainable farming practices. Real-time monitoring and automated alerts help farmers make better agricultural decisions
and improve crop productivity.
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In the future, the system can be enhanced using advanced technologies such as Machine Learning, cloud computing,
drones, and mobile applications. Additional features such as crop disease prediction, weather forecasting, and intelligent
recommendation systems can further improve smart farming efficiency.
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