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Abstract:

The IoT-Based Weather Forecasting System is an advanced embedded solution designed for smart agriculture and environmental
monitoring. This system leverages IoT and embedded technology to provide real-time data collection and remote-control
accessibility across India. It integrates various sensors to monitor real-time temperature, humidity, and soil moisture, ensuring
continuous environmental tracking. The collected data is transmitted to a mobile application and a cloud server for seamless
monitoring. A key feature of this system is its wild animal detection mechanism, which sends instant alerts to the owner, enhancing
farm security. Additionally, the system includes a hazard alarm siren, which can be remotely turned on and off to warn against
potential threats. The project also integrates an automated fire response system that activates a water pump upon fire detection,
minimizing damage risks. Furthermore, an automatic farm cover mechanism ensures protection against rain by closing the cover
when rainfall is detected.
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I. INTRODUCTION

In the era of smart technology, weather forecasting and environmental monitoring have become crucial for
agriculture, disaster prevention, and resource management. This project presents an loT-based Weather
Forecasting System, which leverages embedded technology and cloud computing to provide real-time
environmental data and automated control mechanisms. The system is designed to be remotely accessible from
any location in India, ensuring seamless monitoring and control through an integrated mobile application. This
intelligent weather monitoring system continuously tracks real-time temperature, humidity, and soil moisture
levels, sending the collected data to an application and a centralized server for further analysis. A unique
feature of this system is its ability to detect wild animals and immediately notify the owner, helping prevent
damage to crops and livestock. Furthermore, the system incorporates an intelligent hazard alarm siren that can
be remotely activated or deactivated by the owner, enhancing safety measures. To improve farm protection,
the project integrates an automated fire detection and suppression mechanism—whenever a fire is detected,
the system automatically triggers a water pump to extinguish the fire. Additionally, in response to changing
weather conditions, the system features an automatic farm cover mechanism, which closes the farm cover
upon rain detection to protect crops from excessive water exposure.
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II. BLOCK DIAGRAM
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Fig 2(a): block diagram of weather forecasting system

HI.METHODOLOGY

The methodology for the Weather Forecasting System is designed to incorporate [oT and embedded system
principles to enable real-time monitoring and control of various environmental factors for efficient
agricultural management. The system integrates multiple sensors, wireless communication, and automation
mechanisms to offer a seamless user experience. The following sections outline the methodology used for
each feature of the system:

ITI.1. System Architecture Design

The system is based on an ESP32 microcontroller, which serves as the central processing unit for managing
data collection, communication, and automation tasks. The ESP32 is programmed to interface with various
sensors (temperature, humidity, soil moisture, fire detection, and animal motion) and trigger corresponding
actions such as alerts, data transmission, and automation. The device is powered by a reliable energy source
and utilizes the ESP Rain Maker platform for seamless integration with cloud services and remote control
via mobile applications.

I11.2. Real-time Temperature and Humidity Monitoring

The system employs DHT22 sensors for real-time monitoring of temperature and humidity. These sensors
are interfaced with the ESP32 microcontroller, which reads the sensor data at periodic intervals. The data is
then sent via Wi-Fi to a dedicated mobile application for user access. The system ensures continuous data
collection and provides an up-to-date display of temperature and humidity levels on the application,
facilitating informed decision-making for agricultural management.
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I11.3. Real-time Soil Moisture Monitoring

To monitor the soil's water content, the system uses capacitive soil moisture sensors, which are connected to
the ESP32. The moisture levels are measured and sent to a cloud server, which stores the data for further
analysis. The system can alert the user when moisture levels fall below the optimal threshold, enabling the
farmer to take timely action for irrigation purposes.

I11.4. Wild Animal Detection

A passive infrared (PIR) sensor is incorporated to detect any motion in the vicinity of the crops. The sensor
is calibrated to detect wild animals near the farming area. When an animal is detected, the system sends an
immediate notification to the mobile application, alerting the farmer or landowner. The notification ensures

that the user can take prompt action, either by activating a deterrent system or investigating the situation
further.

I11.5. Hazard Alarm Siren Integration

The system includes an integrated hazard alarm siren that can be activated remotely via the mobile
application. The siren is used to signal an emergency, such as an approaching fire or any other critical issue
detected by the system. The application interface allows the user to turn the siren on or off according to their
needs. This feature enhances the system's safety by providing a quick warning mechanism.

I11.6. Fire Detection and Water Pump Activation

A flame sensor, along with a heat detection module, is used to detect the presence of fire in the farming area.
When fire is detected, the system automatically triggers a water pump to start, providing immediate fire-
fighting action. This automated mechanism helps prevent fire disasters by ensuring that water is delivered to
the fire site without delay.

II1.7. Rain Detection and Farm Cover Closure

Rainwater detection is facilitated by a rain sensor that detects precipitation in the farming area. Upon
detecting rain, the system sends a signal to a motorized cover mechanism, which automatically closes the
farm's cover. This ensures that crops are protected from the rain, minimizing damage from excess water and
ensuring proper cultivation conditions.

I11.8. Remote Control via Mobile Application

The entire system can be controlled remotely via a mobile application, which connects to the system through
the ESP RainMaker platform. Users can monitor real-time data (temperature, humidity, soil moisture) and
receive alerts for wild animal motion, fire detection, and more. The application also enables the control of
the hazard alarm siren and automatic farm cover closure. The use of the ESP RainMaker platform ensures
secure cloud connectivity, allowing users to manage their agricultural operations from anywhere in India.
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Fig.3(a): circuit diagram of whether forecasting system
V. WORKING PRINCIPLE:

The ToT-based Weather Forecasting System operates by continuously monitoring environmental parameters
such as temperature, humidity, soil moisture, fire hazards, rain, and wild animal movement. The system is
designed to provide real-time data to users via an application and send alerts when specific conditions are
detected.

V.1. Sensor Data Collection:

The system utilizes various sensors to gather environmental data:

Temperature & Humidity Sensor (DHT11/DHT22): Measures real-time temperature and humidity levels.
Soil Moisture Sensor: Monitors the moisture content in the soil and sends data to the server.

PIR Motion Sensor: Detects movement of wild animals near the farm and triggers an alert.

Rain Sensor: Detects rainfall and automatically activates the farm cover to protect crops.

Flame Sensor: Detects fire incidents and triggers an automatic response.
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V.2. Data Processing Using ESP32

The ESP32 microcontroller processes the sensor data and transmits it to the cloud using ESP Rain Maker,
which enables remote access from anywhere in India. It ensures real-time monitoring and allows users to
control the system via a mobile application.

V.3. Automatic Responses and Alerts:

If the temperature or humidity reaches critical levels, users receive notifications.

If soil moisture is low, the system can automatically turn on the water pump for irrigation.

If a wild animal is detected, an alert message is sent to the owner.

In case of fire detection, the system automatically activates the water pump to prevent damage.

When rain is detected, the farm cover automatically closes to protect crops.

The hazard alarm siren can be remotely controlled by the owner to warn workers or scare away animals.
V.4. Cloud Connectivity & Remote Access:

All collected data is transmitted to an online cloud database via ESP Rain Maker. The user can access real-
time data and system controls through a mobile or web-based application from anywhere in India.

V.S. Power Supply & Sustainability:

The system is powered using solar energy, ensuring sustainable operation in remote areas without relying on
external power sources.

VI. RESULT & DISCUSSION
Proposed IoT—Bas.e d Traditional Weather =~ Other Modern loT-Based
Feature Weather Forecasting e e
Monitoring Systems  Weather Systems
System
Technology IoT and embedded Satellite imaging, radar, ToT with cloud computing

systems using ESP32  and meteorological data

Used and ESP RainMaker collection and Al-based analytics
Can be controlled from Limited to . Available for specific smart
Control . .. meteorological . .
- anywhere in India via farming and smart city
Accessibility an anplication departments and anplications
PP localized data centers pp
. Monitors temperature, Relies on periodic data  Provides real-time
Real-Time - . . o .
o humidity, and soil collection and manual ~ monitoring but lacks direct
Monitoring . . . .
moisture in real time  processing user control
Wild Animal  Integrated motion No direct animal Some advanced systems
Detection sensors detect wild detection mechanism integrate Al for animal
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Proposed IoT—Bas.e d Traditional Weather =~ Other Modern loT-Based
Feature Weather Forecasting o e
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System
animals and send alerts tracking but are not widely
to the owner used

Owner can remotely Sirens are controlled
Hazard Alarm turn the siren on/off to manually or based on =~ Mostly automated alarm
System alert about potential predefined weather systems in smart city setups
hazards conditions

Fire Detection Fire detection triggers Fire response depends  Some systems have fire

an automatic water on external fire-fighting alarms but lack automatic
and Response ) .
pump system services response mechanisms
No automatic rain cover Some smart farming
. . Farm cover . .
Rain Detection . system; farmers use solutions include automated
automatically closes . . :
and Response . manual protection irrigation adjustments but
when rain is detected . s
methods lack rain cover mechanisms
ends data to the server .
S o . Data is recorded Cloud-based storage and
Data and application using manually and stored in  analytics but limited direct
Transmission ESP32 and ESP Rain y ail y
Maker meteorological centers  user access

VI. CONCLUSION

The Weather Forecasting System with IoT and Embedded Technology is a comprehensive and innovative
solution for farmers to monitor and control various environmental parameters in real-time. The system's ability
to monitor temperature, humidity, soil moisture, and detect wild animals, along with its integration with
hazards alarm siren, fire technology, and automated farm cover closure, makes it a unique and valuable tool
for farmers. the use of ESP32 microcontroller and ESP Rain Maker software enables the system to be
controlled remotely from anywhere in India, providing farmers with real-time data and alerts to make informed
decisions. The system's advanced features, such as fire technology and automated farm cover closure,
demonstrate the potential for [oT and embedded technology to revolutionize the agricultural industry. the
project's outcome is expected to have a significant impact on the agricultural sector, enabling farmers to
improve crop yields, reduce losses, and enhance their overall quality of life. The system's scalability and
adaptability make it suitable for deployment in various farm settings, and its user-friendly interface ensures
that farmers can easily navigate and utilize the system's features. Overall the Weather Forecasting System with
IoT and Embedded Technology is a groundbreaking project that showcases the potential of IoT and embedded
technology to transform the agricultural industry. Its innovative features, advanced technology, and user-
friendly interface make it an ideal solution for farmers seeking to improve their farming practices and increase
their productivity.
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