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Abstract: In addition to contributing to respiratory illnesses, global warming, and ecosystem damage, air pollution is a 
growing environmental and public health concern. Using a Raspberry Pi, we have created an Internet of Things (IoT)-
based machine learning-based air quality monitoring system to track and manage the same. The system retrains sensors 
like DHT11 for temperature and humidity, MQ series for gases including CO, NH3, and CH4, and dust sensor for 
particulate matters. The information collected is transferred in real time to a database that visualizes and analyzes it. The 
suggested method makes use of machine learning algorithms to identify trends, classify air quality indicators, and predict 
pollution trends. This helps valid alerts timely and leads to authorities and individual taking actions proactively, leading to 
better air quality management and healthier living environment. 
Keywords: Air Quality Monitoring, Raspberry Pi, IoT, Environmental Sensing, Gas Sensor, Real-Time Monitoring, Cloud 
Integration, Python Programming, Low-Cost Monitoring System. 
 

I. INTRODUCTION 
Air pollution has now been identified as one of those big environmental challenges for the 21st century. Air pollution has 
risen to dangerous levels with rampant industrialization, urban explosion and growing number of vehicles. Gaseous and 
particulate pollutants include carbon monoxide (CO), nitrogen dioxide (NO�), Sulphur dioxide (SO�), ozone (O�) and 
particulate matter (PM2. 5 and PM10) have adverse effects not only on human health, but also on ecosystems and 
climate. Exposure to them can cause respiratory problems, heart conditions, nervous diseases and even premature death. 
Despite their great accuracy, traditional air quality monitoring systems are constrained by their high cost, intricate 
installation processes, and centralized data collection methods. This limits their deployment to a small number of fixed 
locations and prevents them from offering thorough coverage throughout rural or urban areas. Because of this, a large 
portion of the population is unable to access real-time, localized air quality information. A viable substitute is provided by 
the combination of machine learning (ML) and the internet of things (IoT). Low-cost, networked sensors that 
continuously gather environmental data can be deployed thanks to IoT technology. This data can be processed, examined, 
and utilized in conjunction with machine learning algorithms to forecast pollution trends,  and provide wise suggestions 
for preventative measures.  In this project, we suggest an IoT and machine learning-based smart air quality monitoring 
system with a Raspberry Pi as the central processing unit. The DHT11 (temperature and humidity), the MQ series gas 
sensors (for gases like CO, NO�, and SO�), and the dust sensors (for particulate matter) are among the sensors that 
the Raspberry Pi can interface with. These sensors gather data, which is then sent to cloud platforms for processing and 
storage. Machine learning (ML) models are used to categorize air quality index (AQI) categories, forecast future pollution 
levels, and produce alerts in the event of dangerous conditions. Real-time updates and simple interpretation of air quality 
data are guaranteed by the system's user-friendly design, which is accessible via web and mobile interfaces. This system 
democratizes access to information about air quality, enabling people, communities, legislators, and environmental 
organizations to make well-informed decisions, act quickly, and contribute to a more sustainable and healthier 
environment. 
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II. LITERATURE SURVEY 
[1] Air Quality Monitoring Using Statistical Learning Models for Sustainable Environment, Oct 2024. Although scalable and 

cost-effective, the study's narrow scope and dependence on government data are noted drawbacks. The paper 
suggests a machine learning frame work to predict air quality in Kolkata using data from two sites, achieving high 
accuracy with SVC (97.98%) and RFC (93.29%). Thorough data preprocessing and hyper parameter tuning improved 
Model performance. 

[2] The paper titled "Server Security and Air Quality Monitoring System using Raspberry Pi 4 and Telegram” In the article, 
a Raspberry Pi 4-based system for real-time server room condition monitoring including temperature, humidity, air 
quality, and access security—is presented, along with Telegram alerts. By integrating sensors, a buzzer, and a camera, 
it was 100% successful in identifying irregularities and unwanted access. The system is economical and scalable, but it 
lacks sophisticated predictive analytics and depends on internet access. 

[3] The paper titled "A Literature Review on Prediction of Air Quality Index and Forecasting Ambient Air Pollutants using 
Machine Learning Algorithms” Several machine learning methods for forecasting AQI and ambient pollutants such as 
SO�, NO�, CO, PM10, PM2.5, and O� in various global regions are examined in this review of the literature. 
Models including PCR, SVR, RFR, ANN, and LSTM were tested; PCR fared well in Delhi's winters, while LSTM was 
best at forecasting PM2.5. The review emphasizes the usefulness of machine learning in pollution forecasting, but it 
also points out the necessity of a strong infrastructure and a variety of datasets. 

[4] The paper titled " Key Themes, Trends, and Drivers of Mobile Ambient Air Quality Monitoring: A Systematic Review 
and Meta-Analysis” The emergence of portable, affordable, and highly accurate sensors for tracking hyper local 
pollution is highlighted by this systematic review, which examines 304 studies on mobile air quality monitoring. 
Bicycles and handheld electronics are examples of mobile platform that facilitate public engagement and real-time 
exposure monitoring. Sensor calibration, data variability, and integration into policy systems are obstacles despite the 
system's scalability and flexibility. 

[5] The paper titled “Analysis of Air Pollution Data in India between 2015 and 2019” This study analyzes India’s air 
pollution data (2015–2019), revealing high PM2.5 and PM10 levels, especially in northern regions, using ground and 
satellite sources. It establishes a national baseline to assess the effectiveness of policies like NCAP. Despite improved 
monitoring, rural and early-year data gaps remain significant challenges. 

 

III. SYSTEM ANALYSIS 
A. Existing System 
Traditional air quality monitoring systems are primarily managed by governmental or large environmental agencies. These 
systems typically use sophisticated and expensive equipment to measure pollutant levels accurately. However, they are 
costly to install and maintain, cover only limited geographic areas, and often lack real-time data accessibility. Due to their 
complexity and high operational costs, widespread deployment especially in rural or economically weaker regions is 
challenging, leading to gaps in air quality monitoring and public awareness. 
Drawbacks 
High deployment and maintenance costs frequently impede the accessibility and scalability of traditional air quality 
monitoring systems. Usually, only certain urban areas are covered by these systems, leaving rural areas unmonitored. 
Their efficacy is further hampered by their intricate setup and lack of real-time data, which postpones prompt reactions 
to pollution spikes. Furthermore, these systems are difficult to scale, and the public and decision-makers frequently 
cannot access the data they offer, which limits the possibility of proactive measures and public awareness-raising. 
B. Feasibility Study 
The Feasibility Study for the proposed IoT and Machine Learning-based air quality monitoring system indicates strong 
viability across multiple dimensions. Technically, the system is supported by well-established, low-cost components such 
as Raspberry Pi and affordable sensors, making it easy to implement using existing technologies and software libraries. 
Economically, the solution is highly cost-effective due to the use of inexpensive hardware and open-source tools, ensuring 
that it can be scaled up at a low additional cost. Operationally, the system is easy to deploy with minimal setup 
requirements and offers user-friendly interfaces for real-time monitoring. In terms of the environment, it encourages 
sustainability by utilizing low-power Internet of Things devices and offering crucial data to lessen the effects of pollution. 
Last but not least, the system is very scalable, making it simple to expand to new areas or integrate more sensors without 
sacrificing functionality, making it suitable for both urban and rural settings. 
 

IV. SYSTEM SPECIFICATIONS 
A. Hardware Requirements 
The air quality monitoring system requires several key hardware components for effective operation. A Raspberry Pi 
(Model 3 or 4) serves as the main processor, handling data collection, sensor control, and cloud connectivity using 
Python. It connects to sensors like the DHT11, which measures temperature and humidity, and various MQ series gas 
sensors (e.g., MQ-2, MQ-7, MQ-135) that detect harmful gases such as CO, NO�, and VOCs. 
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A dust sensor (like GP2Y1010AU0F or PMS5003) monitors particulate matter (PM2.5 and PM10). These sensors interface 
with the Raspberry Pi through GPIO or analog/digital pins. For data transmission, a Wi-Fi or cellular module is used, 
enabling real-time cloud updates. The system also needs a stable 5V power supply, and appropriate cables and connectors 
for reliable sensor integration. 
B. Software Requirements 
The software architecture of the air quality monitoring system combines multiple tools to enable smooth data collection, 
analysis, and visualization. It runs on Raspbian OS, with Python as the main programming language for handling sensors, 
cloud communication, and machine learning, while C++ or Java may be used for performance-heavy tasks. Data is stored 
and processed on cloud platforms like AWS. Google Cloud, or Azure, using protocols like MQTT and HTTP/HTTPS for 
communication. Machine learning libraries such as Tensor Flow, scikit-learn, and Kera’s help analyze and predict air quality 
trends. Data is managed using databases like MySQL, MongoDB, or Firebase, and analyzed with tools like Pandas and 
NumPy. Visualization is done through web interfaces and dashboards built with HTML, CSS, and JavaScript for real-time 
monitoring. 

V. PROJECT DESCRIPTION 
A. Overview of the Project 
This project offers a clever and effective method of monitoring pollution levels by integrating machine learning with an 
Internet of Things-based air quality monitoring system. It uses sensors to gather environmental data in real time, then 
uses predictive analysis to evaluate trends in air quality. Designed for affordability and ease of deployment, the system 
delivers actionable insights that help individuals and authorities respond promptly to health risks. Its use promotes 
environmental awareness, enhances public health, and facilitates sustainable urban planning. The system has the potential 
to greatly alleviate pollution-related issues on a global scale with continued improvements. 
B. System Architecture 

 
Fig.1 System Architecture of Proposed Model 

C. Module Description 
 Raspberry Acts as the main controller to collect and process air quality data. 
 Air Quality Sensors Sensors like MQ Gas Sensor (e.g., MQ-135), Dust Sensor (e.g., GP2Y1010AU0F) 31 2024-25 

Dept. of AIML, Vemana IT Air Quality Monitoring Using Raspberry Pi measure pollution levels. 
 Temperature & Humidity Sensor DHT11 sensor monitors environmental conditions.  
 Wi-Fi Module Sends the collected data to cloud services or a live dashboard.  
 Power Supply Provides continuous power to the Raspberry Pi and sensors. 
 Alert System Sends notifications (email/Voice) when air quality crosses safe limits. 
 

VI. SYSTEM IMPLEMENTATION 
A. Introduction 
Setting up the Raspberry Pi with the necessary operating system Is a crucial first step in implementing the air quality 
monitoring system? 
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The process begins by and installing Raspbian, the recommended Linux-based OS for Raspberry Pi, which provides 
compatibility with the required tools. Using software like Win32DiskImager, the Raspbian image is written to an SD card, 
making it bootable for the Raspberry Pi. On the first boot, basic configurations like time zone and storage expansion are 
set up, and the graphical desktop environment (LXDE) is launched. This setup is essential to prepare the Raspberry Pi for 
running sensor scripts, managing data, and supporting machine learning tasks, forming the foundation for the entire 
monitoring system. 
B. Screenshots 

 
Fig. 1  Software Implementation of Raspberry Pi 

 
 

 
Fig. 2  Booting Process of Raspberry Pi 
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Fig. 3  The Administration of the Linux System 

 

 
Fig. 4  The Distribution and Linux Kernel Map 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Illustrates the proposed hardware model, highlighting the connection between the sensors and the Raspberry Pi 
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Fig. 6 The results obtained from the proposed model, demonstrating the range detected within the local server 

Environment 

 
Fig. 7 The output data received in the IDLE Shell, indicating values that fall below the specified range 

 
Fig. 8 The results obtained from the proposed model, indicating values above the specified range within the local server 
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Fig. 9 The output received in the IDLE Shell, where data exceeding the specified range triggers an email notification to 

the user, confirmed by the message 'Email Sent Successfully' 
 

 

 

 
Fig. 10 The results retrieved from Thing Speak, which can be accessed globally successfully' 

VII. SYSTEM TESTING 
A. Tests Conducted 
System included a testing series of black-box and white-box tests to verify the proper functionality of all components. The 
main tests were: 
• Functional Testing: Verify sensors are calibrated correctly to detect air quality parameters 
• System Testing (Real-world Testing): Deploy system outdoors or in real environments to monitor performance across 

different conditions. 
• User Acceptance Testing (Real-world Testing): Final field testing with real users (e.g., public health officials, 

researchers) to validate usability and reliability. 
• Performance Testing (Response Time): Measure the time between pollutant detection and alert generation or data 

logging. 
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• Functional Testing (Accuracy Check): Check accuracy of readings against a laboratory-grade air quality monitor. 
• Functional Testing (Connectivity and Data Logging): Test Wi-Fi/Mobile hotspot connectivity and ensure sensor data is 

logged correctly to the cloud or local storage 
• System Testing (Alert System Validation): Test the system's ability to trigger alerts (e.g., Email) when air quality 

exceeds thresholds. 
• Integration Testing (Alert System Validation): Validate that sensors, data processing units, and alert mechanisms work 

seamlessly together. 
VIII. CONCLUSIONS AND FUTURE ENHANCEMENTS 

A. Conclusions 
An intelligent and effective way to monitor pollution levels is with an IoT-based air quality monitoring system that 
incorporates machine learning. This system enables people and authorities to take prompt action to reduce health risks 
by fusing real-time sensor data with predictive analysis. The solution is appropriate for a variety of environments due to 
its low cost, simplicity of deployment, and data-driven insights. Sustainable urban planning, environmental awareness, and 
public health are all enhanced by this project. Such systems have the potential to greatly lessen pollution-related issues 
globally with ongoing development and improvement. 
B. Future Enhancements 
There is a great deal of room for improvement in the suggested system. Pollutant detection can be enhanced by 
incorporating extra sensors to measure volatile organic compounds (VOCs) and ozone (O�).  
With better forecasting models, enhanced machine learning algorithms can yield predictions that are more accurate. 
Accurate mapping of pollution hotspots can be made possible by incorporating GPS data. Improved air quality 
management may be possible with additional integration with automated systems like air purifiers, HVAC controls, or 
drone surveillance. Increasing user awareness and engagement can be achieved by extending data visualization through 
interactive dashboards.  
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