
Volume 13 Issue 3                                                           @ May - June 2025 IJIRMPS | ISSN: 2349-7300 

 

IJIRMPS2502232462          Website: www.ijirmps.org Email: editor@ijirmps.org 1 
 

Next-Gen Farming: IOT and ML-Enabled Real-

Time Monitoring and Automation 

Dr. Baisa Gunjal1, Bhakti Kangune2, Abhishek Karpe3,  

Rishikesh Wakchaure4, Sakshi Wakchaure5  
 

Department of Information Technology, Amrutvahini college of Engineering, Sangamner 

Abstract 

Modern agriculture faces challenges in optimizing environmental conditions, soil health, and resource 

utilization to maximize crop yield. Traditional farming methods lack real-time monitoring and 

automation, leading to inefficiencies and reduced productivity. To address these issues, this paper 

presents an IOT-based smart agriculture system that integrates weather and soil sensors, automated 

irrigation, and predictive analytics. By continuously monitoring temperature, humidity, soil moisture, 

and nutrient levels, the system enables precise, data-driven decision making. Automated irrigation 

ensures optimal water distribution, reducing wastage and improving crop health. Additionally, 

predictive analytics leverages historical data and machine learning models to provide insights into 

crop growth patterns and potential risks. The proposed system enhances agricultural productivity, 

conserves resources, and promotes sustainable farming practices.  
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INTRODUCTION:  

The rapid advancement of technology in agriculture has revolutionized traditional farming methods, 

addressing critical challenges such as inefficient resource utilization, unpredictable weather patterns, and 

declining soil health. With the global population expected to surpass 10 billion by 2050, the demand for 

sustainable food production continues to grow. Conventional farming methods, which rely on manual 

monitoring and labour-intensive processes, often fail to optimize crop yield and resource efficiency.  

To overcome these challenges, smart agriculture solutions integrating Internet of Things (IOT) and Machine 

Learning (ML) have emerged as transformative tools for enhancing farming efficiency, precision, and 

sustainability. IOT-based sensors enable real-time monitoring of soil conditions, temperature, humidity, and 

water levels, allowing farmers to make data-driven decisions. Meanwhile, ML algorithms analyze 

environmental data, predict crop health, and optimize irrigation, fertilizer application, and yield estimation.  

This research presents an IOT and ML-driven smart agriculture system designed to improve crop 

prediction, resource management, and real-time monitoring. The system integrates weather sensors, soil 

moisture detectors, and automated irrigation mechanisms to enhance farming efficiency while reducing 

water wastage and excessive fertilizer usage. By leveraging real-time environmental data and predictive 

analytics, the proposed system enables precision farming, ensuring higher productivity, reduced costs, and 

improved sustainability.  
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Furthermore, automated decision-making and chatbot assistance provide farmers with real-time insights, 

recommendations, and alerts, making modern agriculture more accessible and data-driven. The integration 

of AIpowered chatbots allows farmers to receive instant solutions for challenges related to crop health, 

irrigation schedules, and weather conditions.  

The primary objective of this study is to develop a scalable and cost-effective smart agriculture system that 

integrates IOT, ML, and automation to enhance farming productivity, sustainability, and efficiency. The 

research further explores future advancements, including multilingual chatbot support, blockchain-based 

crop tracking, and AI-driven disease detection, paving the way for next-generation precision agriculture.  

This research presents a smart agriculture system that utilizes IOT sensors, ML models, and automated 

irrigation to optimize crop growth, resource management, and farming efficiency. The proposed system 

aims to improve decisionmaking processes for farmers, reduce operational costs, and promote sustainable 

agriculture. By leveraging advanced data analytics and automation, this system contributes to a more 

resilient and productive agricultural ecosystem, ensuring food security for a growing global population.  

LITERATURE SURVEY:  

1.  A Multi-Modal Approach for Crop Health MappingUsing Low Altitude Remote Sensing, IOT & 

ML,uferah shafi1, rafia mumtaz 1, (senior member,ieee), naveed iqbal1, syedmohammad hassanzaidi1, 

(senior member, ieee), syedali raza zaidi2,(member, ieee), imtiaz hussain3, and Zahid [1]  

2. The integration of IOT and Machine Learning (ML) in agriculture has gained significant attention due to 

its ability to enhance crop yield prediction, resource management, and decision-making. Modern agricultural 

challenges, including climate variability, soil degradation, and inefficient water usage, demand data-driven 

solutions. IOT-enabled real-time monitoring systems combined with ML-based predictive analytics provide 

farmers with insights to optimize farming practices, automate irrigation, and enhance productivity. 2.1 

Machine Learning for Crop Yield Prediction [2] 

3.Conducted a comprehensive analysis of ML techniques applied to crop yield prediction, selecting 50 key 

studies from a dataset of 567 research papers. The study identified temperature, rainfall, and soil type as the 

most influential factors in yield estimation. Among the various ML models, Artificial Neural Networks 

(ANN) demonstrated high predictive accuracy. Additionally, advanced deep learning models such as 

Convolutional Neural Networks (CNN), Long Short-Term Memory (LSTM), and Deep Neural Networks 

(DNN) were shown to significantly enhance crop yield prediction accuracy, making them valuable for 

precision agriculture applications. [3] 

4. Reddy et al. (2021) explored the role of machine learning in agricultural decision-making, emphasizing 

its impact on crop selection and farm management. The study highlighted that weather patterns, climate 

variability, and environmental conditions strongly influence agricultural productivity. While AI-driven 

methods enhance crop yield estimation, certain challenges persist. Neural Networks, for instance, struggle 

with error reduction and efficiency optimization, impacting prediction reliability. Additionally, supervised 

learning techniques face difficulties in capturing complex, nonlinear relationships between input and output 

variables, particularly in fruit grading and disease detection. The study concluded that incorporating 

advanced AI models could improve crop classification, yield forecasting, and precision farming 

strategies.[4] 
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5. Ramzan et al. (2022) introduced an IOT-driven smart agriculture system that integrates machine learning 

and ensemble learning algorithms to enhance real-time environmental monitoring. Traditional farming often 

relies on manual labor, leading to inefficiencies in crop selection and resource management. The study 

identified soil electrical conductivity (EC), temperature, and humidity as key parameters affecting crop 

health and productivity. The proposed system consisted of two core components: one that utilized historical 

data for predictive modeling, and another  that processed real-time IOT-based environmental data using ML 

models. Field testing demonstrated that the system improved crop prediction accuracy and optimized 

resource usage, making it a cost-effective solution for farmers. [5] 

6. Investigated how IOT technology is transforming agriculture, particularly in India, where farming 

remains a primary occupation. As urbanization and industrialization continue to reduce available 

agricultural land, concerns over food security have increased. One of the critical challenges in farming is 

the lack of precise crop selection methods based on environmental conditions. The study proposed an IoT-

based system that uses sensor networks to collect real-time data on soil moisture, temperature, and 

humidity. Additionally, an automated irrigation system was implemented to optimize water distribution 

based on real-time soil conditions. By enabling precision farming, the system contributes to sustainability, 

resource efficiency, and improved agricultural productivity. [6] 

OBJECTIVE:  

1.  Develop a real-time weather monitoring system using a DHT11 sensor to accurately measure 

temperature and humidity, enabling farmers to track environmental conditions effectively. Design an 

automated soil moisture monitoring and irrigation control system utilizing soil moisture.  

2. Implement predictive analytics to provide crop yield estimations and fertilizer recommendations based 

on user-defined NPK values and real-time environmental data, promoting precision farming and 

sustainable agriculture. Develop a user-friendly Chatbot interface that offers real-time system updates 

and assistance, enhancing user interaction, decision-making, and accessibility for farmers. 

3. Email Report Delivery: The system must be capable of sending the generated report to the registered 

user’s email automatically upon request or submission. 

4. Secure Logout and Session Management: Implement proper authentication and session handling such 

that once the user logs out, using the browser’s back button does not allow access to previously visited 

pages or functionalities. This ensures security and prevents unauthorized changes. 

5. Multilingual Support: Integrate a language translator within the application to support multiple 

languages. This enables users from different linguistic backgrounds to interact with the application more 

effectively and increases accessibility. 

METHODOLOGY: 

1. System Design and Architecture: Develop a structured framework that integrates weather monitoring, 

soil analysis, automated irrigation, predictive analytics, and user interaction.  

2. Sensor Selection and Deployment: Deploy highprecision sensors to monitor temperature, humidity, 

rainfall, soil moisture, pH levels, and nutrients.  

3. Data Collection and Transmission: Implement a real-time data acquisition system that transmits sensor 

data to a central unit or cloud storage using wireless protocols.  

4. Data Processing and Analytics: Use machine learning algorithms to analyze environmental data, predict 

crop yield, and optimize resource utilization.  
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5. Automated Irrigation Control: Design an intelligent irrigation system that dynamically adjusts water 

supply based on real-time soil moisture data.  

6. User Interface and Interaction: Develop an interactive dashboard and Chatbot to provide realtime 

updates, alerts, and recommendation.   

PROBLEM DEFINITION:  

The agricultural industry faces multiple challenges that hinder its ability to meet the rising global food 

demand while maintaining environmental sustainability. Traditional farming methods often lead to 

inefficient resource utilization, with excessive use of water, fertilizers, and pesticides, increasing both costs 

and environmental degradation. Despite the availability of modern data collection tools, many farmers lack 

the skills and resources to analyze the data effectively for decision-making.  

The effects of climate change further intensify these issues, as unpredictable weather patterns and extreme 

climate events threaten crop yields, requiring adaptive solutions based on real-time information. 

Additionally, pest and disease management remains a critical concern, as early detection is often 

challenging, leading to significant crop losses. Limited access to advanced agricultural technologies, 

particularly for small-scale and rural farmers, further restricts productivity improvements and the adoption 

of innovative farming techniques.  

Moreover, the growing consumer demand for transparency in food production highlights the need for better 

traceability in agricultural practices. Addressing these issues requires a technologically driven approach, 

integrating IOT and machine learning to optimize resource usage, improve decision-making, and enhance 

agricultural resilience. By leveraging these innovations, farming can become more efficient, sustainable, 

and adaptable, ensuring long-term food security while minimizing environmental impact.  

The use of IOT and Machine Learning (ML) in agriculture offers a smart and efficient approach to 

addressing issues such as resource wastage, climate uncertainty, and pest infestations. IOT sensors 

continuously track soil moisture, temperature, and weather conditions, enabling automated irrigation, 

precise fertilizer use, and proactive pest management. ML algorithms analyze this data to forecast crop 

yields, identify potential risks, and enhance decisionmaking, ensuring better productivity with minimal 

resource use. Additionally, cloud-based platforms and AI-driven insights make advanced agricultural 

technologies more accessible,particularly for small-scale farmers. By adopting these innovations, 

agriculture can become more sustainable, resilient, and capable of meeting the increasing global food 

demand while reducing its environmental footprint. 

SYSTEM REQUIREMENTS:  

1. Database: SQLite Database SQLite is on open source database which is mainly a RDBMS i.e. 

relational database management system. As a database server, primary function of this software is to 

storing and retrieving data as requested by other from end software applications like java which 

may or may not run either on the same computer or on different computer. This can be across the 

network either in internet or intranet.  

 

2. Software Requirement:  

• Technology: python, Django  

• IDE: Vs Code  
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• Operating System: Windows 8  

• IOT Platform  

 

3. Hardware Requirement:  

• Node MCU  

• Jumper Wire  

• Soil Moisture Sensor  

• DHT11 Temperature   

• Humidity Sensor  

• LDR  

SYSTEM ARCHITECTURE:   

 

Fig(a): System Architecture diagram 

This diagram illustrates a smart agriculture monitoring system using IoT and wireless sensors (S1–S4) 

deployed in the field to collect real-time data such as temperature, humidity, and soil moisture. The data is 

transmitted to an IoT module, which stores it in a database. Users interact with the system by sending 

requests, which are processed and analysed by a prediction model to provide outputs like crop yield 

estimation and fertilizer recommendations. A chatbot interface can also offer real-time updates, enhancing 

user experience and supporting precision farming 

IMPLEMENTATION: 

The implementation of the proposed system involves integrating IOT sensors, machine learning models, 

and an interactive Chatbot to assist farmers in making data-driven agricultural decisions. The system is 

designed to optimize crop selection, fertilizer usage, and provide real-time support through a Chatbot 

interface. The following steps outline the implementation process:  
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1. Login/Register - 

Users can create an account by registering with a unique username and password. Once registered, they can 

log in to access the application's features, including crop prediction, fertilizer recommendations, and 

Chatbot assistance.  

2. Crop Prediction - 

This module helps farmers determine the best crop to grow based on soil and environmental conditions. It 

provides two options:  

• "I know what to plant" – Users who already have a crop in mind can select it and input details 

such as soil type and area size. The system processes these inputs and provides an estimated yield.  

• "Yet to decide the crop" – Users who are unsure about which crop to plant can enter soil type and 

land area. The system uses machine learning algorithms to analyse the data and suggest the most 

suitable crop with an estimated yield.  

3. Fertilizer Recommendation - 

Based on the selected crop and soil nutrient levels (NPK values), the system provides personalized fertilizer 

recommendations. This ensures balanced nutrient application, preventing overuse or deficiency and 

optimizing crop growth.  

4. Chatbot Assistance -  

A chatbot module is integrated to assist users with queries related to crop selection, fertilizer usage, weather 

updates, and general farming practices. The chatbot provides real-time guidance, improving user experience 

and decision-making.  

5. Download Report - 

Users can generate and download a detailed report containing crop predictions, fertilizer recommendations, 

and farming insights. This report helps farmers keep track of their agricultural data and make informed 

decisions.  

6. Sign Out - 

After using the application, users can log out securely, returning to the login/register page for future access. 

This ensures data security and ease of use.  
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Fig(b): Use Case Diagram  

 

Fig(c): Hardware kit Diagram 

FUNCTIONAL REQUIREMENTS:  

1. Real-Time Data Acquisition – The system must continuously collect environmental parameters such as 

temperature, humidity, soil moisture, and nutrient levels through IOT sensors.  

2. Automated Irrigation Management – It should regulate irrigation based on soil moisture levels, ensuring 

efficient water usage without manual intervention.  

3. Predictive Analysis – Machine learning models must analyze historical and real-time data to forecast 

crop health, growth trends, and potential risks.  

4. Remote Access and Control – Farmers should be able to monitor environmental conditions and manage 

irrigation remotely via a web or mobile application.  

5. Alert and Notification System – The system should send real-time alerts regarding extreme weather 

conditions, drought, or insufficient soil nutrients.  

6. Data Storage and Management – A secure database  should be implemented to store historical data for 

future reference and analysis.  
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7. User Authentication and Security – A secure login system should be in place to allow only authorized 

users to access and manage the system.  

8. Report Generation – The system should generate detailed reports on environmental conditions, water 

consumption, and crop health to assist in decisionmaking. 

NON-FUNCTIONAL REQUIREMENTS: 

1. Scalability– The system should be designed to handle multiple sensors and support large agricultural 

areas without affecting performance.  

2. Reliability – It should function continuously withminimal downtime to ensure consistent monitoring 

and data collection.  

3. Security – Data communication and storage must be encrypted to prevent unauthorized access and 

ensure privacy.  

4. Efficiency – The system should process and analyze data in real-time to provide immediate insights for 

better decision-making.  

5. User-Friendly Interface – The web and mobile applications should have a simple and intuitive interface, 

making them accessible to users with limited technical knowledge.  

6. Energy Efficiency – IOT devices and sensors should be optimized for minimal power consumption to 

enhance battery life and reduce operational costs.  

7. Maintainability– The system should be modular, allowing easy updates, troubleshooting, and seamless 

integration of new features when required.  

8. Data Accuracy – Sensors and predictive models should deliver precise results to ensure reliable 

agricultural recommendations. 

RESULT: 

 

Fig (c): Comparison Bar Chart 
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Fig(d): Line Chart 

CONCLUSION:  

The proposed smart agriculture system aims to address critical challenges faced by farmers, including low 

productivity, inefficient resource utilization, and financial instability. By integrating IOT-based real-time 

monitoring, automated irrigation, and predictive analytics, the system provides a data-driven approach to 

improving agricultural efficiency.  

The crop prediction module assists farmers in selecting the most suitable crop based on soil type and 

environmental conditions, while the fertilizer recommendation system ensures the timely and optimal 

application of nutrients. Additionally, the chatbot feature enhances user interaction by providing real-time 

insights and guidance on farming practices.  

With the use of IOT sensors and machine learning algorithms, by continuously monitoring soil moisture, 

temperature, and nutrient levels, the system enables precise decision-making. Automated irrigation ensures 

efficient water management, reducing wastage and improving crop health. Predictive analytics further 

enhances productivity by forecasting crop yields and identifying potential risks.  

Implementing this system can significantly reduce manual effort, enhance agricultural output, and support 

sustainable farming practices. As technology continues to advance, future improvements can incorporate 

more sophisticated AIdriven recommendations, expanded automation, and enhanced sensor capabilities, 

making precision farming more accessible and effective for farmers worldwide.  

FUTURE SCOPE:  

The smart agriculture system has immense potential for future advancements to enhance efficiency and 

sustainability. Integrating advanced AI and machine learning can improve crop disease detection, weather 

forecasting, and yield prediction. Expanding IOT capabilities with additional sensors for air quality and pest 

monitoring will provide deeper insights into farm conditions. Blockchain technology can be implemented 

for secure data storage and traceability of agricultural products. Drones equipped with sensors and cameras 

can automate farm monitoring and pesticide spraying. A user-friendly mobile application with multilingual 

support can make the system more accessible to farmers. Additionally, linking the system with government 

databases will provide real-time agricultural updates. AIpowered chatbots with voice assistance can further 

enhance user interaction. Utilizing renewable energy sources like solar power will ensure sustainable 

operation, especially in remote areas. These enhancements will make precision farming more efficient, 

data-driven, and accessible, benefiting farmers and promoting sustainable agriculture. 
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APPLIACATION: 

1. Smart Irrigation Management 

Automatically controls water supply based on real-time soil moisture data, preventing over- or under-

irrigation and conserving water. 

2. Crop Health Monitoring 

Detects abnormal environmental patterns that may lead to crop stress, enabling early intervention and 

reducing crop loss. 

3. Predictive Farming Analytics 

Uses machine learning to forecast crop yields, identify best sowing/harvesting times, and suggest 

fertilizers based on soil data. 

4. Remote Farm Monitoring 

Farmers can monitor field conditions anytime, anywhere through a mobile/web dashboard, reducing the 

need for physical field visits. 

5. Multilingual Chatbot Support 

Assists farmers in local languages with recommendations and answers, making technology accessible to 

non-tech-savvy users. 
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