www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 4 April 2026 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

INTERNATIONAL JOURNAL OF CREATIVE

éb? RESEARCH THOUGHTS (IJCRT)

An International Open Access, Peer-reviewed, Refereed Journal

W

SMART MONITORING AND PREDICTIVE
WIND MITIGATION SYSTEM FOR PADDY
FARMS

Mrs.K.Soniya Lakshmi  2Ms.S.A.Meghavarshi 3Ms.C.Monishaa *Ms.S.Senthamil
ni

Assistant Professor Final Year Student Final Year Student Final Year Student

Department Of Computer Science And Engineering,
Vivekanandha College Of Engineering For Women, Tiruchengode, India

Abstract: Coastal paddy farming is highly susceptible to environmental challenges like strong winds
and excessive soil moisture, which often cause crop lodging, reduced yields, and economic losses for
farmers. This study proposes an innovative, sustainable system to monitor environmental conditions and
predict risks using a simple artificial intelligence approach. The system uses an ESP32 microcontroller
integrated with an anemometer for wind speed measurement and a soil moisture sensor for real-time soil
monitoring. Data is processed and displayed on a field-mounted unit, providing farmers with immediate,
easy access. Beyond real-time monitoring, the system features a Python-based predictive model. Trained
on historical wind speed and soil moisture data, it identifies patterns and forecasts high-risk events such
as wind speeds above 10 m/s combined with soil moisture exceeding 40% that heighten lodging risk.
This proactive capability enables timely preventive actions. A protective wind screen around the paddy
field further reduces wind impact, boosting crop stability. Low-cost, readily available components make
the system affordable and deployable in rural areas. Overall, this practical, scalable solution enhances
crop protection, optimizes field conditions, and minimizes losses. Future work includes IoT remote
monitoring, automated alerts, and advanced machine learning for greater accuracy.

Index Terms: Smart agriculture, ESP32, Soil moisture sensor, Anemometer, Predictive analysis, Crop
lodging, Real-time monitoring.

I.INTRODUCTION

The growing impact of climate variability and extreme weather has severely reduced agricultural
productivity, especially in coastal regions. Coastal paddy farming is particularly vulnerable to strong
winds, excessive soil moisture, and erratic rainfall, which cause crop lodging, yield losses, and economic
hardship for farmers. Despite advances in agricultural technology, many small-scale and rural operations
still depend on traditional methods lacking real-time monitoring and prediction, leaving farmers reactive
and prone to crop failure.

This underscores the need for affordable, intelligent systems that monitor key parameters like wind
speed and soil moisture while delivering early risk warnings. However, monitoring alone falls short
predictive analytics is crucial to spot patterns and foresee hazards.

Sensor-based smart agriculture systems with microcontrollers offer a promising path to greater
efficiency and sustainability. By collecting and analyzing field data, often with basic Al, they enable
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proactive decisions. This project introduces such a low-cost system for coastal paddy fields using an
ESP32 microcontroller.

It integrates an anemometer for wind speed and a soil moisture sensor for continuous monitoring. Data
is processed in real time and shown on a field-mounted display for farmer access. A Python predictive
model, trained on historical data, flags high-risk events like wind speeds over 10 m/s paired with soil
moisture above 40% that signal lodging threats.

A wind barrier screen further shields crops, enhancing stability. Affordable components make it ideal
for rural deployment. Ultimately, the system boosts protection, yield reliability and profitability through
integrated monitoring, prediction, and physical safeguards.

II.LRELATED WORKS

With the rapid advancement of smart agriculture and precision farming technologies, several systems
have been developed to improve crop monitoring, environmental analysis, and yield optimization.
Researchers have proposed various solutions utilizing sensors, microcontrollers, and 10T technologies
to monitor field conditions and support informed decision-making. This section reviews significant
works on agricultural monitoring systems, sensor-based crop protection techniques, and predictive
farming approaches. One notable development in smart agriculture is the 1oT-based crop monitoring
system, which measures key environmental parameters such as soil moisture, temperature, and humidity.
Sensors deployed in the field collect real-time data, which is transmitted to cloud platforms for remote
monitoring and analysis. These systems enable continuous tracking of crop conditions and optimization
of irrigation practices. However, many solutions emphasize monitoring without providing predictive
insights or risk assessment capabilities.

Another key research area involves microcontroller-based agricultural monitoring systems. These
employ platforms like Arduino or ESP32 to gather and process data from sensors such as soil moisture,
temperature, and humidity probes. Processed data is displayed locally via LCD modules or sent to
external devices, with alerts triggered for abnormal conditions. While these systems enhance field
monitoring, they typically lack advanced features like pattern recognition and predictive modeling.

Some researchers have proposed sensor-based crop protection systems to mitigate environmental risks.
These target threats from excessive wind, rainfall, or pests for instance, anemometer-equipped wind
monitoring systems that measure speed and issue warnings during extreme weather. Although they raise
awareness, such systems often depend on manual intervention without automated or predictive
mechanisms.

In recent years, loT-enabled smart farming platforms have facilitated remote monitoring and control of
agricultural fields. Leveraging wireless communication, they transmit sensor data to cloud-based
dashboards for real-time visualization and analysis. Farmers can thus oversee conditions remotely and
plan activities more efficiently. However, many 10T solutions prioritize data collection and visualization
over predictive analytics and risk prevention. Another emerging area involves machine learning
techniques in agriculture. These analyze historical data to detect patterns and predict outcomes like crop
yield, soil conditions, or weather risks. Such models have demonstrated strong potential for better
decision-making and uncertainty reduction. Yet, most are deployed as standalone software, not fully
integrated with real-time sensor hardware.

Although existing systems offer valuable functions like real-time monitoring, alert generation, and
remote access, they often function independently. Few combine environmental monitoring, predictive
analysis, and physical protection into a cohesive framework. The proposed system addresses these gaps
by integrating real-time sensor-based monitoring of wind speed and soil moisture, a predictive model
for high-risk condition detection, and a physical wind barrier into a unified, cost-effective solution. This
holistic approach enhances crop stability, supports proactive decision-making, and boosts productivity,
especially in vulnerable coastal paddy farming regions.
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IH1.METHODOLOGY

The methodology of the proposed system focuses on designing and implementing an intelligent
agricultural monitoring and protection system for coastal paddy fields. The system enhances crop safety
and productivity through real-time environmental monitoring, data processing, predictive analysis, and
physical protection mechanisms. It integrates sensors, a microcontroller, a display unit, and a predictive
model to continuously observe field conditions and identify potential risks. The overall development
process includes data acquisition, signal processing, risk prediction, visualization, and wind mitigation.
By combining monitoring with prediction, the system enables proactive decision-making to prevent crop
damage.

3.1 Sensor Module

This module collects real-time environmental data from the field using sensors. It includes a soil
moisture sensor to measure water content and detect saturation levels, plus an anemometer to gauge
wind speed and identify conditions prone to crop lodging. Data from these sensors is transmitted
continuously to the processing unit for analysis. The sensors are strategically placed within the field to
ensure accurate, representative readings of environmental conditions. Their continuous operation
enables timely detection of sudden changes that may harm crop health.

3.2 Processing Module (ESP32)

The ESP32 microcontroller serves as the central processing unit here. It receives signals from the soil
moisture sensor and anemometer, processes the data, and converts it into readable values. The ESP32
monitors conditions continuously, performs initial threshold comparisons, and leverages its processing
power and connectivity for real-time agricultural applications. It also handles multiple sensor inputs
simultaneously without data loss. The module ensures system responsiveness and accuracy under
varying environmental conditions.

3.3 Display Module

The display module provides a user-friendly interface for farmers to view field conditions in real time.
It features an LCD screen showing key parameters like soil moisture levels and wind speed. It also
displays predicted risk levels (Low, Medium, or High), enabling quick assessment and preventive action
without technical expertise. The clear, simple format ensures non-technical users can interpret data
easily. This boosts usability and encourages regular farmer monitoring.

3.4 Wind Mitigation Module

This module offers physical protection against strong winds. It deploys a protective screen as a barrier
in front of the crop field to reduce wind intensity. By minimizing gust impacts, it prevents lodging and
enhances stability, complementing monitoring and prediction. The screen design reduces airflow
without blocking natural ventilation entirely. This maintains a balanced microenvironment while
providing protection.

3.5 Power Supply Module

The power supply module ensures reliable operation of all components. It delivers stable electrical
power to sensors, ESP32 micro-controller, and display unit. This is critical for uninterrupted
performance in variable field conditions. The module includes voltage regulation to protect against
fluctuations. A stable supply improves longevity and ensures consistent data acquisition.
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3.6 Predictive Analysis Module

This module uses basic Al to forecast crop risks. Python analyzes historical sensor data on wind speed
and soil moisture to identify patterns and correlations linked to lodging. The system categorizes risks as
Low, Medium, or High, enabling preemptive actions like reinforcement. This transforms data into
actionable insights for better protection and decisions. The model improves over time with more field
data, enhancing accuracy and performance.

IV.SYSTEM ARCHITECTURE

The proposed system architecture is designed to develop an intelligent and cost-effective monitoring
and protection system for coastal paddy farming. The system integrates sensor technologies, a
microcontroller unit, a display interface, and a predictive analysis module to continuously monitor
environmental conditions and provide early warnings of potential risks. The architecture ensures
efficient data collection, processing, visualization, and decision-making to enhance crop protection and
reduce losses. Each component in the architecture performs a specific function to ensure smooth
operation of the system. The sensor unit continuously monitors important environmental parameters
such as soil moisture and wind speed. The soil moisture sensor measures the water content present in
the soil, while the anemometer detects wind speed conditions that may affect crop stability. These
sensors collect real-time data from the field and transmit it to the central processing unit.

The central controller of the system is the ESP32 micro-controller, which acts as the main processing
unit. It receives data from the sensors and processes the readings by converting them into meaningful
values. The controller analyzes the data and compares it with predefined threshold values to determine
whether the field conditions are safe or risky. This processing mechanism enables the system to identify
unfavorable environmental conditions at an early stage. The predictive analysis component is an
important part of the system architecture. This module uses Python-based analysis to process historical
data collected from the sensors. By identifying patterns and correlations between soil moisture and wind
speed, the system predicts potential risk conditions such as crop lodging. The predicted results are
classified into different risk levels such as Low, Medium, and High. This predictive capability enhances
the system by enabling proactive decision-making.

The display system provides real-time visualization of field conditions. It consists of an LCD or display
unit that shows parameters such as soil moisture levels, wind speed, and predicted risk levels. This user-
friendly interface allows farmers to easily understand the condition of the field and take appropriate
actions when necessary. The wind mitigation module is designed to physically protect crops from strong
winds. It includes a protective screen installed in front of the paddy field, which acts as a barrier to
reduce wind intensity. By minimizing the impact of strong winds, this module helps prevent crop
lodging and improves crop resilience. This physical protection mechanism complements the monitoring
and prediction capabilities of the system.

The architecture also includes a power supply module that ensures continuous and stable operation of
all system components. It provides the required power to sensors, the ESP32 micro-controller, and the
display unit. A stable power supply is essential for accurate data acquisition and uninterrupted system
performance in field conditions.

The system architecture ensures continuous communication between all components. Sensors
continuously send real-time data to the ESP32 micro-controller, enabling constant monitoring of
environmental conditions. This continuous flow of information allows the system to detect sudden
changes in soil moisture or wind speed and respond accordingly.
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Another important aspect of the architecture is the integration of monitoring, prediction, and protection
within a single platform. Unlike traditional systems that focus only on data collection, the proposed
system combines real-time sensing with predictive analytics and physical mitigation. This integrated
approach improves system efficiency and enhances crop safety.

COMMON GND (All Modules)

The architecture also emphasizes real-time decision-making. The microcontroller processes incoming
sensor data instantly and determines the risk level based on both current and historical data analysis. If
a high-risk condition is detected, the system immediately informs the farmer through the display module,
enabling timely preventive measures.

The system further supports scalability and future enhancements. The ESP32 microcontroller provides
built-in connectivity features, allowing the system to be extended with loT-based remote monitoring
and automated alert systems. This enables farmers to monitor field conditions remotely and receive
notifications during critical situations. Another important feature of the architecture is the coordination
between hardware and software components. The sensors collect data, the microcontroller processes it,
and the predictive model analyzes patterns to generate risk levels. This coordinated operation ensures
that the system functions efficiently and responds quickly to changing environmental conditions.

The architecture also supports effective data visualization and user interaction. By displaying real-time
values and risk predictions on a simple interface, the system ensures that farmers can easily interpret the
information without requiring technical knowledge. This improves usability and practical
implementation in rural areas.

The system architecture is designed to ensure reliable and continuous monitoring of field conditions. By
integrating multiple modules into a unified system, it enables accurate detection of environmental risks
and supports early intervention. This continuous monitoring helps in preventing crop damage and
improving agricultural productivity. Another important aspect of the architecture is the modular design
approach. Each module, such as sensing, processing, prediction, display, and protection, performs a
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specific function. This modular structure simplifies system development, maintenance, and future
upgrades without affecting the overall system performance.

Furthermore, the system emphasizes reliability and efficiency. By continuously analyzing sensor data
and predicting potential risks, the system provides a dependable solution for coastal paddy farming. The
integration of monitoring, prediction, and protection mechanisms ensures that crops are safeguarded
against environmental challenges.

V. RESULTS AND DISCUSSION

The proposed coastal paddy monitoring and protection system was successfully designed and
implemented to evaluate its effectiveness in real-time environmental monitoring and risk prediction. It
integrates a soil moisture sensor, anemometer, ESP32 microcontroller, display unit, and predictive
analysis module to continuously observe field conditions and deliver early warnings.

During testing, the sensor module accurately measured soil moisture levels and wind speed across varied
conditions. The soil moisture sensor reliably detected water content changes during irrigation and
saturation events, while the anemometer captured wind speed fluctuations. Collected data transmitted
continuously to the ESP32 without delays, ensuring robust real-time monitoring.

The processing module efficiently converted raw sensor data into interpretable values and compared
them against predefined thresholds. The system stably identified critical scenarios, such as elevated soil
moisture paired with high wind speeds known lodging triggers flagging them accurately.

The Python-based predictive analysis module was validated with sample historical data on soil moisture
and wind speed. It identified patterns effectively, classifying risks as Low, Medium, or High. High-risk
alerts triggered consistently when parameters exceeded safe limits (e.g., moisture >40%, wind >10 m/s),
confirming the correlation approach's validity. This enables proactive rather than reactive decisions. The
display module delivered clear, real-time views of parameters and risk levels. Farmers could easily
interpret screen data and act preventively without technical skills. The intuitive interface enhances field
accessibility and usability.

The wind mitigation module, using a protective screen, significantly reduced strong wind impacts on
crops. This barrier improved stability during gusty periods, forming a comprehensive solution with
monitoring and prediction to minimize damage. The system operated reliably across tests, backed by a
stable power supply. All modules coordinated seamlessly for smooth data flow from sensing to output.

Overall analysis confirms the system tackles coastal paddy challenges via real-time monitoring, early
detection, and preventive tools. Unlike manual methods, it provides superior accuracy, speed, and
decision support.

However, the basic predictive model, limited by dataset size, may reduce accuracy in extreme variability.
Future enhancements could incorporate advanced ML algorithms, expanded datasets, and 10T remote
monitoring for better performance and scalability. The results affirm this as a practical, efficient, cost-
effective solution for crop protection and loss reduction in coastal regions.

VI. CONCLUSION

There is strong potential for the proposed system to significantly improve crop protection and yield
stability in coastal paddy farming. By continuously monitoring critical environmental parameters such
as soil moisture and wind speed via sensors and real-time processing, the system identifies unfavorable
field conditions early. This allows farmers to implement timely preventive measures, reducing crop
lodging risk, minimizing yield losses, and boosting overall productivity.

[JCRT2604212 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] b421


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 4 April 2026 | ISSN: 2320-2882

The integration of a predictive analysis module further enhances effectiveness, transforming the
system from a monitoring tool into a proactive decision-support platform. By analyzing historical data
and detecting patterns, it forecasts high-risk conditions and classifies them into risk levels (Low,
Medium, High). This empowers informed advance decisions rather than post-damage reactions.

Beyond monitoring and prediction, the physical wind mitigation mechanism offers practical on-field
protection against strong winds. Low-cost components like the ESP32 microcontroller and basic
sensors ensure affordability and suitability for rural/coastal deployment.

Future enhancements could integrate advanced machine learning for precise predictions, plus 10T
remote monitoring and automated alerts. Additional sensors and refined analytics would boost
reliability and performance.

Overall, the proposed system marks a key advance in intelligent, sustainable agriculture. Combining
sensor monitoring, predictive analysis, and physical protection, it provides a practical, scalable
solution for safer crops, optimized practices, and reduced economic losses.
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