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Abstract: Air pollution is a critical global concern with significant impacts on human health and the
environment. This paper presents the design and implementation of a real-time air quality monitoring
system that measures key atmospheric pollutants such as CO, CO, PM2.5, temperature, and humidity. The
system utilizes low-cost, high-sensitivity sensors interfaced with a microcontroller and transmits data via
IoT-based platforms for real-time analysis and visualization. The proposed solution aims to provide
accurate, accessible, and scalable monitoring to support environmental awareness and policy-making.
Experimental results demonstrate the system's reliability and effectiveness in diverse urban environments.

Urban air pollution has become a major environmental challenge, affecting public health, ecosystem
balance, and quality of life. This paper proposes a low-cost, loT-enabled air quality monitoring system
designed to track and analyze key pollutants in real time, including particulate matter (PM2.5 and PM10),
carbon monoxide (CO), carbon dioxide (CO;), temperature, and humidity. The system integrates multiple
environmental sensors with a microcontroller and employs wireless communication protocols to transmit
data to a cloud-based platform for storage, analysis, and visualization. The data can be accessed remotely
via a web or mobile application, allowing city authorities, researchers, and the public to monitor air quality
trends dynamically. Experimental deployment in an urban setting demonstrates the system’s reliability,
scalability, and potential to support data-driven environmental policies and public awareness initiatives..
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I. INTRODUCTION
Air pollution is one of the most pressing environmental issues faced by modern society, particularly in densely
populated urban areas. According to the World Health Organization (WHO), exposure to polluted air contributes to
millions of premature deaths annually, largely due to respiratory and cardiovascular diseases. As industrialization,
vehicular emissions, and urbanization continue to grow, so does the need for effective air quality monitoring and
management systems. Traditional air quality monitoring stations, while highly accurate, are often expensive, stationary,
and limited in coverage. These systems may not provide the granularity needed to capture localized pollution levels,
which can vary significantly across different areas within a city. Furthermore, the data collected by these stations is
often not readily accessible to the general public in real time, limiting public awareness and engagement. In response to
these challenges, this paper proposes a low-cost, portable, and IoT-enabled air monitoring system designed to measure
common atmospheric pollutants including PM2.5, PM10, carbon monoxide (CO), and carbon dioxide (CO5), as well as
environmental parameters such as temperature and humidity. The system employs a microcontroller-based architecture
integrated with various gas and particulate sensors. Wireless communication modules enable seamless transmission of
collected data to a cloud server, where it is stored, analyzed, and visualized via an intuitive dashboard accessible
through web or mobile applications. The primary objective of this project is to provide an affordable, scalable, and real-
time solution for air quality monitoring that can be deployed in various urban locations to support environmental
policy-making, research, and community awareness. This system can help identify pollution hotspots, monitor trends
over time, and potentially trigger alerts when pollutant levels exceed safe thresholds. The remainder of this paper is
organized as follows: Section II discusses related work in the domain of air monitoring technologies. Section III
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outlines the system architecture and components used. Section IV presents the methodology for data collection,
transmission, and visualization. Section V discusses the results from experimental testing, and Section VI concludes the
paper with key findings and future work directions.

II. LITERATURE REVIEW
Over the past decade, significant research and development efforts have been directed toward improving air quality
monitoring systems, driven by the rising concern over pollution-related health risks and environmental degradation.
Traditional air quality monitoring networks deployed by government agencies rely on fixed stations equipped with
high-precision instruments. While these stations offer accurate measurements, they suffer from several limitations,
including high installation and maintenance costs, limited spatial coverage, and lack of real-time public access to data
[1].
In recent years, advancements in the Internet of Things (IoT), wireless communication, and sensor technologies have
enabled the development of low-cost, portable air monitoring systems. These systems are capable of providing real-
time environmental data with relatively high accuracy and greater spatial resolution. Several studies have explored the
use of low-cost sensors for monitoring key pollutants such as particulate matter (PM2.5 and PM10), carbon monoxide
(CO), nitrogen dioxide (NO,), and carbon dioxide (COy).
For example, Mead et al. [2] developed a wireless sensor network for air quality monitoring using low-cost gas sensors.
The study demonstrated that, while low-cost sensors may not match the accuracy of reference-grade equipment, proper
calibration and data processing techniques can significantly enhance their performance. Similarly, Kumar et al. [3]
emphasized the importance of sensor calibration and data validation when deploying such systems in urban
environments.
Another significant contribution in the field is the work by Hasenfratz et al. [4], which introduced a mobile sensing
platform based on smartphones integrated with environmental sensors. The system aimed to capture spatio-temporal
variations in urban air quality and demonstrated the feasibility of crowdsourced environmental monitoring.
Several IoT-based approaches have also emerged, leveraging cloud computing and data visualization platforms to
enhance usability and accessibility. In [5], the authors proposed a smart air monitoring system using Arduino and GSM
modules to transmit data to a centralized server, with results displayed on a web interface. This architecture supports
real-time monitoring and remote access, which is essential for large-scale deployments in smart cities.
While existing research showcases the potential of low-cost, sensor-based air quality monitoring, challenges still remain
in terms of sensor accuracy, environmental interference, data reliability, and long-term deployment. Therefore, this
paper builds upon previous work by integrating multiple calibrated sensors, implementing an IoT-based data
transmission system, and developing a user-friendly platform for real-time visualization. This approach addresses both
the technical and practical challenges of urban air monitoring and aims to contribute to more informed decision-making
in environmental management.

OBJECTIVE
The primary objectives of this air monitoring system are:
e To design and develop a low-cost, portable air quality monitoring system using [oT technology.
e To measure key environmental parameters including PM2.5, PM10, CO, CO,, temperature, and humidity in
real time.
e To transmit collected data wirelessly to a cloud-based platform for storage and analysis.
e To provide real-time visualization of air quality data through a user-friendly web or mobile interface.
e To support environmental monitoring, public awareness, and decision-making through accessible and reliable
data.
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III. TECHNOLOGY

The proposed air quality monitoring system leverages a combination of hardware and software technologies to enable
real-time environmental data acquisition, transmission, and visualization. The system architecture is built around the
principles of IoT (Internet of Things), integrating sensor nodes, microcontrollers, communication modules, cloud
computing, and data visualization platforms. Each component plays a critical role in ensuring system reliability,
scalability, and affordability.

Sensors

e To detect various pollutants and environmental parameters, the system utilizes the following sensors:

e PM2.5/PM10 Sensor (e.g., PMS5003 or SDS011): Measures fine particulate matter in the air, which poses
significant health risks when inhaled. These sensors operate based on laser scattering principles to detect
airborne particles.

e Carbon Monoxide (CO) Sensor (e.g., MQ-7): Detects the presence of CO gas, a harmful pollutant often
produced by incomplete combustion from vehicles and industrial sources.

e Carbon Dioxide (CO2) Sensor (e.g., MG-811 or MH-Z19B): Measures CO, concentration, an indicator of
ventilation quality and indoor air freshness.

e Temperature and Humidity Sensor (e.g., DHT22 or BME280): Monitors ambient temperature and relative
humidity, which are important for understanding atmospheric conditions and their impact on pollutant
dispersion.

Microcontroller Unit

An ESP32 or Arduino Uno microcontroller serves as the central processing unit of the system. It reads data from the
connected sensors, processes the readings, and prepares them for transmission. The ESP32 is preferred due to its built-
in Wi-Fi and Bluetooth capabilities, low power consumption, and dual-core processing.

Communication Module
For IoT functionality, the system uses:

e  Wi-Fi Module (ESP32’s built-in or ESP8266): Enables wireless transmission of sensor data to the cloud or
local server. Wi-Fi allows the system to operate in areas with internet coverage without the need for additional
hardware.

e Optional GSM Module (e.g., SIM800L): Used in locations without Wi-Fi availability to transmit data over a
cellular network.

Cloud Platform

The system integrates with a cloud-based IoT platform such as ThingSpeak, Blynk, or Firebase. These platforms
allow real-time data logging, storage, and remote access. They also support integration with APIs for advanced
analytics or connection to mobile/web applications.

Data Visualization

Collected data is visualized on a web dashboard or mobile application. Graphs, gauges, and alerts are used to make
air quality information easily understandable by the general public, researchers, and policy-makers. Tools like
ThingSpeak MATLAB analytics, Blynk widgets, or custom-built dashboards using Node-RED are employed to
visualize trends and detect anomalies.

Power Supply

The system is designed to be energy-efficient and may be powered using:

Rechargeable lithium-ion batteries, or

Solar panels for continuous, sustainable operation in remote or outdoor areas.
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IV. SYSTEM ARCHITECTURE DIAGRAM

V. MAJOR FIELD APPLICATION
The development of an IoT-based air quality monitoring system has broad and impactful applications across various
fields, particularly in urban planning, public health, industrial safety, environmental science, and smart city
infrastructure. The following subsections highlight the major areas where this system can be deployed to generate
actionable insights and improve quality of life.
A. Urban Environmental Monitoring
In densely populated urban areas, pollution levels can vary significantly across neighborhoods due to traffic congestion,
construction activities, and industrial emissions. Deploying distributed air monitoring systems across a city allows
municipal authorities to identify pollution hotspots, track changes in air quality over time, and develop data-driven
environmental policies. Real-time data can help enforce emission regulations, guide traffic management strategies, and
promote greener urban planning.
B. Public Health and Awareness
Poor air quality is closely linked to respiratory illnesses, cardiovascular diseases, and other health complications. This
system can serve as a tool for health departments and medical researchers to correlate air quality data with public health
trends, supporting preventive healthcare initiatives. Additionally, by making air quality data accessible to the public via
mobile applications or online dashboards, individuals can make informed decisions about outdoor activities, especially
those with pre-existing health conditions or sensitivities.
C. Smart Cities and IoT Ecosystems
As cities evolve into smart urban environments, integrating real-time environmental monitoring becomes essential. This
air monitoring system can be embedded into existing smart infrastructure such as traffic lights, street lamps, or public
transportation systems. When integrated with other smart systems (e.g., weather monitoring, traffic control), it enhances
the city’s ability to respond dynamically to environmental challenges, improving sustainability and livability.
D. Industrial and Occupational Safety
In industrial zones and manufacturing plants, maintaining air quality is critical for ensuring worker safety and
regulatory compliance. This system can be deployed within industrial environments to continuously monitor for
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harmful gases and particulates. Real-time alerts can be configured to notify personnel when pollutant concentrations
exceed safe thresholds, enabling prompt action to mitigate hazards and maintain a safe workplace.

E. Educational and Research Institutions

Universities, environmental research centers, and academic institutions can benefit from using this system in both
teaching and research. Students and researchers can collect and analyze real-world air quality data, facilitating projects
related to environmental science, data analytics, IoT, and public policy. The system also provides a hands-on platform
for STEM education, fostering innovation and environmental awareness among students.

F. Disaster Response and Emergency Monitoring

During natural disasters such as wildfires, dust storms, or chemical spills, air quality can deteriorate rapidly. Portable
and battery-powered air monitoring units can be deployed in affected areas to provide emergency response teams with
real-time information about hazardous conditions. This enables timely evacuation decisions and targeted deployment of
resources.

VI. ADVANTAGES AND APPLICATIONS
The integration of low-cost sensors, microcontrollers, and IoT technologies in the proposed air monitoring system
offers numerous advantages over traditional monitoring methods. These benefits, combined with the system's
adaptability, allow it to be deployed in a wide range of practical applications across various sectors.
Advantages
Cost-Effectiveness
Traditional air quality monitoring stations are expensive to install and maintain, limiting their deployment in large
numbers. The proposed system uses affordable sensors and readily available hardware, significantly reducing overall
costs. This enables large-scale deployment in both urban and rural areas.
Portability and Flexibility
Due to its compact design and low power consumption, the system is easily portable and can be installed in fixed or
mobile locations. It can operate in environments with or without access to mains power, using battery or solar energy.
Real-Time Monitoring
The system supports continuous, real-time monitoring of key pollutants and environmental conditions. This enables
instant access to data and timely responses to hazardous air quality levels.
Wireless Connectivity and Remote Access
Through Wi-Fi or GSM modules, data is transmitted to cloud platforms where it can be stored, visualized, and analyzed
remotely. This feature eliminates the need for on-site data retrieval and supports centralized monitoring.
Scalability and Customization
The modular design of the system allows for the easy integration of additional sensors and functionalities, depending on
the specific needs of an application or environment.
Public Awareness and Engagement
By making air quality data available via web and mobile dashboards, the system encourages public awareness and
engagement in environmental protection efforts.
Data Logging and Analysis
Cloud integration enables long-term data logging, trend analysis, and reporting, which are valuable for research, policy-
making, and urban planning.
Applications
Urban Air Quality Management
Municipal bodies can deploy this system across various city zones to monitor pollution levels in real time. The data can
inform traffic policies, identify industrial violations, and guide environmental regulations.
Public Health Monitoring
Healthcare agencies and researchers can use the system to track air quality trends and their correlation with respiratory
diseases, allergies, and other health conditions, enabling proactive interventions.
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Smart City Integration

The system can be embedded within smart city frameworks, integrated with traffic signals, public transport, and
emergency alert systems to improve urban environmental intelligence.

Industrial Emission Control

In manufacturing plants, construction sites, and mining operations, the system can be used to monitor hazardous gas
emissions and particulate matter, ensuring compliance with occupational safety and environmental standards.
Educational and Research Use

Educational institutions can adopt the system for academic projects, lab experiments, and environmental research,
providing students with hands-on experience in IoT and environmental monitoring.

Agricultural Monitoring

Air quality affects crop health and livestock. The system can help farmers monitor greenhouse gas emissions and dust
levels in and around agricultural areas.

Disaster Management and Emergency Services

During events like wildfires, chemical spills, or dust storms, the system can provide emergency responders with vital air
quality data, aiding in risk assessment and decision-making.

Indoor Air Quality Monitoring

The system can also be adapted for indoor environments such as schools, hospitals, offices, and homes, where air
quality significantly affects comfort, productivity, and health.

VII. CONCLUSION AND FUTURE SCOPE

Conclusion

This paper presented the design and development of a low-cost, loT-based air quality monitoring system capable of
measuring key environmental parameters such as PM2.5, PM10, CO, CO,, temperature, and humidity in real time. The
system integrates affordable sensors with microcontroller-based data acquisition, cloud-based storage, and user-friendly
data visualization platforms. Through its modular architecture and wireless connectivity, the system offers a portable,
scalable, and efficient solution for continuous environmental monitoring. The successful implementation and testing of
the system demonstrate its potential as a viable alternative to traditional air monitoring stations, particularly in areas
with limited resources or where dense spatial monitoring is required. By providing accessible real-time data, the system
not only supports environmental research and policy-making but also promotes public awareness and engagement in
pollution control efforts.

Future Scope

While the current system offers a robust foundation for air quality monitoring, several areas remain for future
enhancement:

Sensor Calibration and Accuracy

Future iterations can incorporate machine learning-based calibration models and sensor fusion techniques to improve
the accuracy and reliability of low-cost sensors compared to reference-grade instruments.

Advanced Analytics

Integrating data analytics, pattern recognition, and predictive models can enable forecasting of pollution levels and the
detection of pollution events or trends.

Mobile and Drone Integration

Mounting the system on mobile platforms such as vehicles or drones could allow for dynamic, large-area air quality
mapping in real time.

Energy Optimization

Implementing solar-powered modules and power-saving algorithms can further enhance the system's suitability for
remote and off-grid deployments.
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Expanded Sensing Capabilities
Future versions can include additional sensors for monitoring pollutants such as NO,, SO,, ozone (O3), and volatile
organic compounds (VOCs), expanding the system’s environmental monitoring capabilities.

Community Participation
Crowdsourcing data from multiple citizen-owned devices can create a dense air quality network, enhancing coverage
and promoting environmental responsibility among the public.
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