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ABSTRACT 

This project introduces an advanced system for monitoring local weather conditions and sharing the information 

globally through the Internet of Things (IoT). IoT provides a smart infrastructure that interlinks devices across the 

globe, enabling seamless data transmission and remote accessibility. The collected environmental data can be accessed 

online from any location, eliminating the difficulties of traditional cable-based monitoring, especially in agricultural 

fields where such methods are impractical. To address these challenges, the system employs multiple sensors for 

efficient real-time observation of environmental parameters. Key components include the DHT11 for humidity and 

temperature measurement, the FC37 for raindrop detection, as well as additional sensors for gas concentration and soil 

moisture. Together, these sensors ensure accurate and reliable environmental monitoring, making the solution suitable 

for applications in smart agriculture and environmental management. 

Keywords: IoT, Temperature Sensor, Humidity Sensor, Raindrop Sensor, NodeMCU, Gas Sensor, Soil Moisture 

Sensor. 

1. INTRODUCTION 

The Internet of Things (IoT) represents a major shift in the digital era, extending the power of the Internet to 

seamlessly connect physical objects with intelligent communication and data exchange. By creating a framework 

where devices interact with one another as well as with humans, IoT enables smarter and more efficient operations 

across multiple domains. Everyday objects embedded with microcontrollers, communication modules, and sensors are 

capable of exchanging data, thereby transforming into active participants within a connected network. This 

interconnected ecosystem not only makes the Internet more immersive and accessible but also opens the door to 

applications in home automation, transportation, environmental management, and industrial systems. Recent 

advancements in technology have focused heavily on sensing, automation, and monitoring to address growing human 

and environmental needs. Effective environmental monitoring systems are particularly important for detecting and 

managing conditions that exceed safe thresholds, such as high noise levels, carbon monoxide concentrations, or 

radiation exposure. When devices are embedded with sensors and controllers, they create ―smart environments‖ 

capable of generating automatic alerts, warnings, or control actions in real time. Smart monitoring solutions are 

therefore crucial in reducing the negative effects of environmental changes on people, plants, and animals. By 

integrating real-time information into the environment, these systems enhance decision-making and responsiveness. 

Depending on the type of data collected, monitoring applications can be designed for direct detection or for broader 

spatial analysis. The objective of this work is to design and implement a reliable IoT-based weather monitoring system 

that measures and tracks parameters such as temperature, humidity, rainfall, and atmospheric pressure. Data from 

sensors is transmitted to the cloud and visualized on a web interface, enabling users to observe trends and receive 

alerts when values exceed preset limits. This approach provides intelligent, remote, and real-time monitoring, with the 

added benefit of scalable data storage in the cloud 

2. METHODOLOGY 

The proposed weather monitoring framework integrates IoT-based sensing devices, cloud infrastructure, and a cross-

platform mobile application to deliver an efficient solution for real-time and historical environmental data analysis. 

Hardware Components 

The system makes use of several sensors and modules to collect weather-related data: 

1. Raindrop Sensor – for detecting rainfall intensity. 
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2. NodeMCU – serves as the primary microcontroller for sensor integration and communication. 

3. DHT11 Sensor – measures temperature and humidity levels. 

4. MQ-136 Sensor – detects gas concentration in the environment. 

5. Soil Moisture Sensor – monitors soil water content. 

6. BMP180 Sensor – measures atmospheric pressure. 

Data Transmission 

Collected sensor data is transferred using the MQTT (Message Queuing Telemetry Transport) protocol. MQTT is 

lightweight and efficient, making it suitable for low-power IoT devices while ensuring reliable communication with 

the cloud server. 

Cloud-Based Server 

A cloud platform such as AWS IoT or Google Cloud IoT acts as the core hub for managing, processing, and storing 

weather data. An MQTT broker handles real-time data reception, while databases like MongoDB or MySQL are used 

for structured storage and future analysis. 

Mobile Application 

The user interface is built using the Flutter framework, ensuring compatibility across both Android and iOS devices. 

Key features of the app include: 

 Real-time Visualization: Displays current weather conditions using graphs and charts. 

 Historical Data Access: Enables users to review past weather records and analyze trends. 

 Secure Login: Provides authenticated access to ensure data privacy. 

System Workflow 

1. Data Collection: The NodeMCU continuously gathers readings from the connected sensors. 

2. Transmission: Sensor data is sent to the cloud server using the MQTT protocol. 

3. Processing & Storage: The cloud server processes incoming data and stores it in the database. 

4. Mobile Access: Users connect to the Flutter app, which retrieves weather data from the server. 

5. User Interaction: The app presents both live monitoring and historical analysis through an intuitive interface. 

System Benefits 

 Scalability: The modular design allows integration of new sensors and expansion for more users. 

 Cross-Platform Support: The Flutter app ensures accessibility on both Android and iOS platforms. 

 Efficient Communication: MQTT provides a low-latency, energy-efficient method for transmitting IoT data. 

6. Overall, the proposed architecture combines IoT sensing, cloud computing, and mobile technology to deliver a 

reliable, scalable, and user-friendly weather monitoring solution 

3. MODELING AND ANALYSIS 

 

Fig 1: Architecture or Block Diagram 

4. RESULTS AND DISCUSSION 

1. System Implementation Overview 

The developed system successfully integrated IoT-based weather monitoring sensors with cloud storage and a 

Flutter-based mobile application for real-time data visualization and environmental analysis. Key components 

included: 
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 IoT sensors: DHT11 (temperature and humidity), BMP180 (barometric pressure), and MQ135 (air quality). 

 Microcontroller: ESP32 for wireless data transmission. 

 Cloud Platform: Firebase Realtime Database and Firebase Cloud Functions. 

 Mobile App: Flutter app for cross-platform access, offering user-friendly dashboards and data history. 

2. Real-Time Data Acquisition 

The IoT system demonstrated reliable real-time environmental data acquisition. On average, sensor data was 

updated every 15 seconds, with minimal latency (~1-2 seconds) in cloud synchronization. This responsiveness is 

essential for applications in early warning systems, precision agriculture, and smart city management. 

Parameter Sensor Avg. Latency Accuracy Observed 

Temperature DHT11 ~1.2s ±1°C 

Humidity DHT11 ~1.5s ±3% RH 

Air Quality MQ135 ~1.8s Moderate Precision 

Pressure BMP180 ~1.1s ±1 hPa 

3. Cloud Integration Performance 

The Firebase backend effectively handled concurrent data uploads and real-time push updates to the Flutter 

application. Data retention, synchronization, and user access management were efficiently managed using Firebase 

Authentication and Firestore Rules. Scalability tests indicated smooth performance under simultaneous requests 

from up to 50 simulated devices. 

4. Flutter App Analysis 

The Flutter-based mobile application was evaluated based on performance, usability, and user engagement: 

 Performance: Average load time ~2 seconds. 

 User Experience (UX): Received positive feedback (average 4.5/5 in test surveys) for intuitive navigation and 

modern UI design. 

 Cross-Platform Consistency: Uniform experience across Android and iOS devices. 

Key features of the app included: 

 Interactive data charts (line and bar graphs using charts_flutter) 

 Daily, weekly, and monthly environmental trends 

 Notification alerts for extreme weather conditions 

5. Environmental Data Trends 

Over a one-month deployment period, the system collected over 100,000 data points, revealing meaningful 

environmental patterns such as: 

 Temperature spikes in the afternoons (2–4 PM) 

 Air quality dips during peak traffic hours (7–9 AM, 5–7 PM) 

 Humidity fluctuations correlating with local rainfall events 

These trends were validated with public meteorological data sources (e.g., OpenWeatherMap API), with correlation 

scores of >0.89, indicating high reliability of the system. 

6. Comparative Analysis with Traditional Systems 

Feature Traditional Systems Proposed IoT-Cloud System 

Real-time Monitoring Limited Yes 

Remote Access Partial Full via Mobile App 

Data Visualization Basic Advanced Charts via Flutter 

Custom Alerts Manual Setup Automated via Firebase 

Cost High Low to Moderate 
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7. Limitations Observed 

 Sensor accuracy may degrade over time without calibration. 

 Firebase free-tier limitations affect scalability for large deployments. 

 Internet dependency—data loss during connectivity outages unless local caching is implement 

5. CONCLUSION 

The proposed weather monitoring and prediction framework adopts a two-stage approach by combining sensor data, 

bus mobility, and deep learning methods. It offers real-time weather updates for stations and buses, thereby supporting 

effective daily planning. The system is designed to be reliable for both monitoring and forecasting weather 

conditions.In addition, the IoT-enabled weather monitoring model emphasizes climate awareness by gathering 

environmental data through sensors, storing it on the cloud (via platforms such as ThingSpeak), and delivering instant 

updates to a mobile application. The design prioritizes simplicity, efficiency, and accessibility.Overall, these 

developments underline the growing role of IoT and intelligent algorithms in weather prediction. They highlight how 

cost-effective solutions and predictive capabilities can enhance accuracy, usability, and accessibility of weather data 

for different sectors, including agriculture, industry, and the general public. 
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