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ABSTRACT:

The "Smart Agriculture Monitoring System Using AR & loT for Better Crop Production with Al Analytics" aims to revolutionize farming through the integration
of Internet of Things (loT), Augmented Reality (AR), and Artificial Intelligence (Al). The system monitors critical environmental factors such as soil moisture,
temperature, and humidity using sensors, which are connected via NodeMCU to Firebase for real-time data storage. The data is fetched into a Unity-based AR
application for visualization, allowing farmers to view sensor data and crop yield predictions in an interactive AR environment. Additionally, a Python Flask-
based Al web app predicts crop yield based on sensor data and weather conditions. It also detects plant diseases from uploaded images using image processing
and deep learning techniques, providing timely diagnostic support. The system empowers farmers with data-driven insights to optimize crop production, mitigate
risks, and enhance decision-making. Future scope includes the integration of more advanced Al models, mobile applications, and drone technology to expand
functionality. This project contributes to sustainable agriculture by improving productivity while leveraging smart technologies.

In addition to real-time monitoring, the system's Al-powered crop yield prediction model provides a unique advantage to farmers by analyzing environmental
data and offering yield forecasts. This predictive capability allows farmers to make informed decisions about irrigation, fertilization, and harvest timing. The
integration of weather data further refines these predictions, making the system adaptable to dynamic agricultural conditions. The Al also plays a crucial role in
diagnosing plant diseases by analyzing images uploaded by farmers, enabling early detection and providing actionable insights to mitigate crop damage.
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Introduction

The "Smart Agriculture Monitoring System Using AR & loT for Better Crop Production with Al Analytics" integrates modern technologies to
revolutionize farming practices. By utilizing 10T sensors such as soil moisture and DHT sensors, the system collects real-time data from the farm
environment, which is uploaded to the cloud. This data is then visualized in an AR environment via a Unity-based Android app, providing farmers with
interactive, real-time insights. Additionally, Al-powered analytics predict crop yield based on weather conditions and diagnose plant diseases using
image analysis, enhancing productivity and sustainable farming practices.

Obijectives

. Real-time Monitoring: Implement loT-based sensors to monitor soil moisture, temperature, and humidity, and transmit the data to the
cloud for real-time visualization.
. Augmented Reality Visualization: Develop a Unity-based AR app to display sensor data interactively, allowing farmers to view real-

time environmental conditions.

. Al Crop Yield Prediction: Use Al algorithms to predict crop yield based on sensor and weather data, helping farmers make informed
decisions.
. Plant Disease Detection: Implement an Al-powered image analysis feature to diagnose plant diseases, enabling early intervention.

. Enhance Agricultural Efficiency: Facilitate data-driven farming for better crop production and sustainable agricultural practices.
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International Journal of Research Publication and Reviews, Vol (6), Issue (5), May (2025), Page — 9156-9159 9157

Methodology

The methodology of the Smart Agriculture Monitoring System encompasses a systematic approach to integrating Internet of Things (loT), Augmented
Reality (AR), and Artificial Intelligence (Al) technologies for enhanced agricultural productivity. The process begins with the deployment of loT
sensors to collect real-time environmental data from the farm. This data is then processed and visualized using AR applications, while Al analytics
predict crop yields and diagnose plant diseases. This comprehensive methodology ensures effective monitoring, data analysis, and user engagement,
ultimately leading to informed decision-making in farming practices.

3.1. key Points

The methodology for the Smart Agriculture Monitoring System involves several key components:

. loT Sensor Deployment: Soil moisture and DHT sensors are strategically placed in the fields to collect real-time data on soil moisture levels,
temperature, and humidity. The data is transmitted wirelessly to a central system via NodeMCU.

. Data Storage and Processing: Collected data is uploaded to Firebase, ensuring real-time access for further analysis. This allows seamless
integration between the 10T sensors and the data visualization and analytics components.

e Augmented Reality Visualization: A Unity-based Android app retrieves the data from Firebase and presents it in an interactive AR format,
enabling farmers to visualize environmental conditions directly overlaid on the real-world farm environment.

e Al Analytics: A Flask-based web application processes the sensor data alongside weather information to predict crop yields. This
application also includes a feature for diagnosing plant diseases. Farmers can upload images of plant leaves, which are analyzed using a
convolutional neural network (CNN) to identify potential diseases.

e  Feedback Loop: Results from Al analytics, including crop yield predictions and disease diagnoses, are sent back to Firebase. This data is
then visualized in the AR app, creating a feedback loop that aids farmers in decision-making and enhances their ability to manage crops
effectively.

3.2. 10T Sensor Deployment and Data Collection

The first part of the Smart Agriculture Monitoring System focuses on the deployment and integration of loT sensors within the agricultural
environment. Soil moisture sensors and DHT sensors are installed throughout the farm to collect essential data on soil moisture content, temperature,
and humidity levels. These sensors are connected to a NodeMCU microcontroller, enabling wireless data transmission to a cloud-based platform,
Firebase. This setup allows for real-time monitoring and data logging, providing a foundational layer for subsequent data analysis and visualization
components of the system.

3.3. Algorithms

The Smart Agriculture Monitoring System utilizes various algorithms to analyze data collected from 10T sensors and provide insights for farmers:

3.3.1. Data Processing Algorithms: These algorithms clean and preprocess data from soil moisture and DHT sensors, ensuring accuracy and reliability
for further analysis.

3.3.2. Machine Learning Algorithms for Crop Yield Prediction:
. Linear Regression: Used to model the relationship between environmental factors and crop yield.
e  Random Forest: Employed for its ability to handle complex interactions and provide robust predictions.

3.3.3. Convolutional Neural Networks (CNN): Applied for the plant disease detection feature, where images of plant leaves are analyzed to identify
symptoms of disease. The CNN processes the image data, extracting features and classifying the type of disease based on learned patterns.

3.3.4. Data Visualization Algorithms: These algorithms convert processed data into visually informative formats in the AR application, helping farmers
make data-driven decisions.

4, Result and discussion

4.1. Result
The Smart Agriculture Monitoring System has demonstrated significant outcomes in enhancing agricultural productivity and efficiency.
1) Data Accuracy and Timeliness: The integration of 10T sensors provided real-time data on soil moisture and environmental conditions,
allowing farmers to make informed decisions quickly.
2)  Yield Prediction: Machine learning algorithms achieved accurate crop yield predictions, enabling better resource allocation and
planning.
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3)

Overall, the system facilitated a more sustainable and data-driven approach to modern farming.

4.2. Discussion

Disease Detection: The CNN-based image analysis effectively identified plant diseases, providing farmers with timely alerts and
treatment recommendations.

The Smart Agriculture Monitoring System effectively addresses key challenges faced by farmers, such as optimizing resource use, increasing crop

yields, and early disease detection. By combining 10T, Al, and AR technologies, the system provides a comprehensive solution for modern agriculture.

Real-time data collection allows for informed decision-making, while predictive analytics improve planning and resource allocation. The integration of

disease detection enhances crop health management, ultimately leading to sustainable farming practices. Future enhancements could include expanding

the system to incorporate more sensors, improve algorithms for higher accuracy, and enhance user experience through more interactive AR features.

5. Figure
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Fig. 1 - (a) Block diagram; (b) Flow chart.
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6. Conclusion

The Smart Agriculture Monitoring System successfully integrates loT, Al, and AR technologies to enhance agricultural practices. By providing real-
time data monitoring, predictive analytics for crop yields, and early disease detection, the system empowers farmers to make informed decisions,
ultimately improving productivity and sustainability. The results demonstrate the potential for such systems to revolutionize traditional farming
methods. Future enhancements and broader sensor integration could further optimize the system, promoting a more resilient agricultural framework in
the face of changing environmental conditions.
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