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Abstract 

Air pollution has emerged as one of the most serious environmental challenges of the modern era, 

posing significant threats to human health, ecological balance, and overall quality of life. Rapid 

industrialization, urbanization, increasing vehicular emissions, and the extensive use of fossil fuels have 

led to a continuous rise in air pollutant levels, especially in densely populated urban areas. Air pollution 

has emerged as a major environmental and public health concern due to its long-term impact on human 

health, ecological balance, and climate. Continuous exposure to contaminated air can contribute to 

respiratory illnesses, cardiovascular diseases, decreased life expectancy, and environmental 

degradation. Therefore, the implementation of reliable systems for continuous air quality assessment 

has become increasingly important to support environmental monitoring and informed decision-

making. This project presents the design and implementation of a real-time Air Monitoring System that 

continuously measures and evaluates key air quality parameters. The proposed system integrates 

multiple environmental sensors to detect harmful pollutants, including carbon monoxide (CO), carbon 

dioxide (CO₂), nitrogen dioxide (NO₂), ozone (O₃), and particulate matter (PM2.5 and PM10). These 

pollutants are widely recognized as significant indicators of ambient air quality and are commonly 

monitored to evaluate pollution severity and potential health hazards. The acquired sensor readings 

are processed using a microcontroller platform, such as Arduino or Raspberry Pi, which enables 

efficient data collection, filtering, and management. The processed information is subsequently 

transmitted to a cloud-based server for secure storage, real-time monitoring, and historical data 

analysis. A dedicated web or mobile application provides users with remote access to air quality 

information, allowing them to visualize current pollution levels, monitor long-term trends, and receive 

notifications whenever pollutant concentrations exceed predefined safety thresholds. The proposed Air 

Monitoring System is designed to be affordable, portable, and easily scalable, making it suitable for 

deployment across a wide range of environments, including urban regions, industrial facilities, 

educational campuses, and residential communities. By enabling continuous environmental 

surveillance and timely access to air quality information, the system can support pollution management 

strategies and contribute to improved public health and environmental sustainability. By providing 

real-time information and raising public awareness, 

the system 8supports informed decision-making, 

environmental planning, and proactive measures to 

reduce the impact of air pollution on human health 

and the ecosystem. 
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INTRODUCTION 

Air pollution has become one of the most 

significant environmental challenges affecting 

human health, ecosystems, and sustainable 
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development across the globe. Rapid industrialization, urban expansion, increased vehicular traffic, and 

the widespread use of fossil fuels have resulted in a substantial rise in the concentration of harmful 

pollutants in the atmosphere. These pollutants not only degrade air quality but also contribute to global 

warming, climate change, acid rain, and the depletion of natural ecosystems. According to various 

environmental studies, prolonged exposure to polluted air is associated with respiratory disorders, 

cardiovascular diseases, reduced lung function, allergies, and premature mortality. Consequently, 

accurate monitoring and timely assessment of air quality have become essential for protecting public 

health and supporting environmental conservation initiatives. 

 

Air quality monitoring involves the continuous measurement of atmospheric pollutants to determine 

the level of contamination in a particular region. The information obtained from these measurements 

enables environmental agencies, researchers, policymakers, and the general public to evaluate pollution 

trends, identify pollution sources, and implement appropriate control measures. Air Quality Index 

(AQI) values generated from monitoring data provide a standardized method for communicating 

pollution levels and associated health risks. Reliable monitoring systems therefore play a vital role in 

environmental management and public awareness. 

 

Conventional air quality monitoring systems are primarily based on sophisticated analytical 

instruments installed at fixed monitoring stations. These systems generally employ highly accurate gas 

analyzers, particulate matter detectors, and meteorological sensors to measure atmospheric conditions. 

Although such monitoring stations provide precise and reliable measurements, they involve significant 

installation, operation, and maintenance costs. The equipment requires periodic calibration, skilled 

personnel for operation, and dedicated infrastructure, making it economically challenging to establish 

large-scale monitoring networks. As a result, monitoring stations are usually installed only at selected 

locations, leaving many urban, suburban, industrial, and rural areas without adequate air quality 

surveillance. 

 

Another limitation of traditional monitoring systems is their inability to provide highly localized and 

real-time information across a wide geographical region. Air pollution levels often vary considerably 

over short distances due to traffic density, industrial emissions, construction activities, and 

meteorological conditions. A limited number of monitoring stations cannot accurately represent 

pollution levels in every neighborhood or locality. Consequently, residents may not receive timely 

information regarding the air quality in their immediate surroundings. This limitation reduces the 

effectiveness of pollution management strategies and delays preventive actions during hazardous 

pollution events. 

 

Recent advancements in the Internet of Things (IoT) have created new opportunities for developing 

intelligent environmental monitoring systems capable of overcoming these challenges. IoT refers to a 

network of interconnected physical devices equipped with sensors, embedded processors, 

communication modules, and cloud computing capabilities that enable automatic data collection, 

processing, and exchange through the Internet. By integrating sensing technologies with wireless 

communication and cloud-based analytics, IoT enables continuous environmental monitoring with 

minimal human intervention. These capabilities make IoT an ideal platform for designing affordable, 

scalable, and real-time air quality monitoring systems. 

 

An IoT-based Air Quality Monitoring System utilizes multiple environmental sensors to detect and 
measure the concentration of harmful atmospheric pollutants. Commonly monitored pollutants include 

Carbon Monoxide (CO), Carbon Dioxide (CO₂), Nitrogen Dioxide (NO₂), Sulphur Dioxide (SO₂), 
Ozone (O₃), and airborne particulate matter such as PM2.5 and PM10. Carbon monoxide is a toxic gas 

primarily emitted from vehicle exhausts and incomplete combustion processes, while elevated carbon 
dioxide concentrations indicate poor ventilation and contribute to climate change. Nitrogen dioxide and 

sulphur dioxide are produced by industrial activities, thermal power plants, and transportation systems, 
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causing respiratory irritation and environmental degradation. Fine particulate matter, especially PM2.5, 

is considered one of the most dangerous pollutants because its microscopic particles can penetrate deep 
into the lungs and bloodstream, leading to severe health complications. Continuous monitoring of these 

pollutants provides valuable information regarding environmental conditions and potential health 
hazards. 

 
The sensing unit of the proposed system consists of gas sensors and particulate matter sensors 

connected to an embedded microcontroller such as Arduino, ESP32, ESP8266, or Raspberry Pi. These 
microcontrollers perform real-time data acquisition, signal conditioning, and preliminary processing of 

sensor readings. They also coordinate communication between sensing devices and cloud platforms 
while ensuring efficient power consumption and reliable system operation. Modern microcontrollers 

provide sufficient computational capability to process environmental data while supporting multiple 

communication interfaces required for Internet connectivity. 
 

Wireless communication technologies play a crucial role in IoT-based environmental monitoring 
systems. Depending on the application requirements, data collected from the sensors can be transmitted 

through Wi-Fi, GSM, LoRa, ZigBee, Bluetooth, or NB-IoT networks. Among these technologies, Wi-
Fi is commonly used for indoor and campus-based monitoring applications due to its high data 

transmission rate and ease of deployment. GSM-based communication enables monitoring in remote 
areas where wireless broadband infrastructure may not be available, whereas LoRa technology supports 

long-range communication with low power consumption, making it suitable for smart city applications. 
The selection of communication technology depends on coverage area, power requirements, data 

transmission frequency, and deployment cost. 
 

Once the environmental data are transmitted through the communication network, they are stored in 
cloud-based databases where they can be processed, analyzed, and visualized. Cloud computing 

provides virtually unlimited storage capacity, secure data management, and high computational 
resources for analyzing historical and real-time air quality information. Advanced analytical techniques, 

including statistical analysis, trend forecasting, anomaly detection, and machine learning algorithms, 
can be applied to identify pollution patterns and predict future air quality conditions. Historical datasets 

also assist environmental researchers in understanding seasonal variations, pollution sources, and long-

term environmental changes. 
 

The availability of cloud-based services enables users to access air quality information through web 
dashboards or mobile applications from virtually any location with Internet connectivity. Interactive 

dashboards display pollutant concentrations using graphs, gauges, and Air Quality Index indicators, 
making the information easily understandable for both technical and non-technical users. Users can 

monitor current pollution levels, compare historical records, observe daily or seasonal trends, and 
download reports for further analysis. The system can also generate automated notifications via mobile 

applications, email, or SMS whenever pollutant concentrations exceed predefined safety thresholds. 
Such early warning mechanisms allow individuals, healthcare organizations, industries, and 

government authorities to take timely preventive measures to reduce exposure to hazardous pollutants. 
 

The portability and scalability of IoT-based monitoring systems make them highly suitable for 
deployment in smart cities, industrial zones, educational institutions, healthcare facilities, agricultural 

fields, transportation corridors, and residential communities. Multiple sensor nodes can be installed 
across different locations to create a distributed monitoring network capable of generating highly 

localized air quality information. The collected data from these distributed nodes provide a 

comprehensive understanding of pollution distribution across a city or region, enabling authorities to 
implement more effective environmental policies and pollution control strategies. 

 
In addition to supporting environmental management, IoT-based air quality monitoring systems 

contribute significantly to public awareness and community participation. Easy access to real-time air 
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quality information encourages citizens to adopt environmentally responsible practices, avoid outdoor 

activities during severe pollution episodes, and support initiatives aimed at reducing emissions. 
Educational institutions and research organizations can also utilize the collected data for academic 

research, environmental studies, and the development of predictive pollution models. 
 

Overall, IoT-enabled Air Quality Monitoring Systems represent a practical and efficient alternative 

to conventional monitoring infrastructure. By integrating low-cost sensors, embedded computing 

platforms, wireless communication technologies, cloud computing, and real-time visualization tools, 

these systems provide continuous, reliable, and location-specific air quality information at significantly 

lower deployment costs. Their flexibility, affordability, and scalability make them an attractive solution 

for modern environmental monitoring applications, supporting smarter cities, healthier communities, 

and sustainable environmental management. 

 

This real-time accessibility helps in early detection of hazardous conditions and enables people to 

take timely preventive measures. By integrating IoT technology with environmental monitoring, the 

system plays a vital role in identifying pollution sources, predicting air quality trends, increasing public 

awareness, and supporting government and environmental agencies in effective decision-making for 

pollution control and sustainable development 

 

LITERATURE SURVEY 

Air pollution has become one of the major environmental challenges worldwide due to rapid 

industrialization, urbanization, increasing vehicular emissions, and climate change. Conventional air 

quality monitoring stations provide highly accurate measurements; however, their high installation, 

maintenance, and operational costs restrict widespread deployment. Consequently, researchers have 

increasingly focused on Internet of Things (IoT)-based monitoring systems that employ low-cost 

sensors, embedded controllers, cloud computing, and wireless communication to enable real-time 

environmental monitoring. Recent reviews have shown that IoT technologies significantly improve the 

spatial coverage and affordability of air quality monitoring while introducing challenges related to 

sensor calibration, data reliability, interoperability, and scalability. 

 

Arkhan and Saputra [1] proposed an IoT-enabled air quality monitoring system capable of 

continuously acquiring environmental data using low-cost sensors and Internet connectivity. Their work 

demonstrated the feasibility of replacing expensive conventional monitoring stations with cost-effective 

embedded platforms. Similarly, Hermawan and Setiyono [2] developed a NodeMCU-based air quality 

warning system that provided real-time pollutant monitoring and user notifications. Although these 

systems successfully demonstrated real-time monitoring capabilities, their implementations primarily 

focused on basic sensing and cloud connectivity without considering long-term scalability, 

comprehensive pollutant monitoring, or advanced environmental analytics. 

 

The integration of inexpensive gas sensors with embedded microcontrollers has received 

considerable attention for portable air quality monitoring. Kumar et al. [3] developed an Arduino Uno 

and MQ135-based monitoring system capable of measuring gaseous pollutants in real time. The 

proposed architecture was economical and easy to implement; however, the monitoring capability 

remained limited to a small number of pollutants and depended heavily on sensor calibration for 

measurement accuracy. Thanushree and Vaishnavi [4] further demonstrated the effectiveness of 

embedded systems for environmental sensing, highlighting the suitability of microcontroller-based 

architectures for continuous pollution monitoring while emphasizing the need for improved sensor 

accuracy and reliability. 

 

Cloud-enabled monitoring platforms have further enhanced the usability of IoT-based environmental 
monitoring systems. Valagulam et al. [5] proposed a NodeMCU-based cloud monitoring architecture 

that enabled remote visualization of environmental parameters through web services. Likewise, 
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Desavale et al. [6] developed an IoT-based monitoring framework capable of transmitting air quality 

data to cloud servers for continuous observation. These studies improved remote accessibility and data 
management; nevertheless, they largely concentrated on data visualization and lacked intelligent 

decision-support mechanisms such as predictive analytics, adaptive warning systems, or comprehensive 
historical trend analysis. 

 
Recent research has attempted to improve the reliability of low-cost sensing through artificial 

intelligence and machine learning. Kashid et al. [7] introduced a machine learning-assisted IoT 
environmental monitoring system that improved sensor performance and environmental data 

interpretation. Their results demonstrated that intelligent data processing can reduce measurement 
uncertainty and enhance monitoring accuracy. However, the computational complexity associated with 

machine learning models may increase system cost and energy consumption, making their deployment 

difficult for resource-constrained embedded platforms. 
 

Several researchers have investigated environmental monitoring beyond urban air pollution by 
integrating multiple environmental parameters within IoT frameworks. Ghodake and Mulani [8] 

designed a sensor-based automated irrigation system capable of continuously monitoring environmental 
conditions for agricultural applications, demonstrating the flexibility of embedded sensing 

technologies. Similarly, Ghodake and Mulani [9] proposed a microcontroller-based irrigation 
monitoring system that employed distributed sensors for real-time environmental observation. Although 

these systems primarily targeted precision agriculture, their sensing architecture provides valuable 
insights into the design of distributed environmental monitoring networks. 

 
Voice-assisted and intelligent IoT platforms have also been explored to improve user interaction. 

Kamble and Mulani [10] implemented a Google Assistant-based device control system that 
demonstrated seamless interaction between embedded hardware and cloud-based services. Although 

the work was not specifically designed for air quality monitoring, it illustrates the potential of 
integrating smart user interfaces with IoT-enabled environmental monitoring platforms. 

 
Distributed environmental monitoring has become increasingly important for smart cities and 

precision agriculture. Kedar and Mulani [11] proposed an IoT-based soil, water, and air quality 

monitoring system for pomegranate farming that simultaneously monitored multiple environmental 
parameters. Their work demonstrated the effectiveness of integrated environmental sensing for 

agricultural decision-making. Extending this concept, Mulani et al. [12] developed an IoT-based air, 
water, and soil monitoring platform capable of simultaneously monitoring multiple environmental 

parameters using wireless communication and cloud technologies. Such integrated monitoring systems 
significantly improve environmental awareness by providing comprehensive information rather than 

monitoring individual parameters independently. 
 

The design of embedded IoT monitoring systems depends heavily on efficient hardware and software 
integration. Godse and Mulani [13] presented the fundamental concepts of embedded systems that 

continue to serve as the technological foundation for modern IoT-enabled monitoring devices. These 
principles facilitate reliable sensor interfacing, efficient data acquisition, and low-power embedded 

computing required for continuous environmental monitoring. 
 

IoT technologies have also been successfully applied to various real-time monitoring applications 
beyond environmental sensing. Pol et al. [14] developed a real-time IoT system for landslide prediction 

and monitoring that demonstrated the capability of cloud-enabled distributed sensor networks for early 

warning applications. Gadade et al. [15] proposed an IoT-based smart school bus monitoring system 
capable of real-time location tracking and remote data communication, while Thigale et al. [16] 

highlighted the transformative role of IoT in healthcare monitoring through continuous sensing and 
remote data analysis. These studies collectively demonstrate the scalability, reliability, and adaptability 

of IoT technologies across diverse application domains. 
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Recent developments further emphasize integrating weather monitoring and environmental 

intelligence within IoT ecosystems. Dandage et al. [17] developed an IoT-powered weather monitoring 

and irrigation automation system that continuously measures atmospheric parameters using wireless 

sensor networks. Similarly, Godase et al. [18] comprehensively reviewed IoT-enabled environmental 

monitoring for automated irrigation, highlighting the importance of distributed sensing, cloud 

connectivity, and intelligent decision-making. Furthermore, Mulani et al. [19] discussed recent 

advances in Artificial Intelligence of Things (AIoT), emphasizing how the integration of AI with IoT 

can improve environmental monitoring through intelligent analytics, anomaly detection, and predictive 

decision support. 

 

From the above literature, it is evident that substantial progress has been made in IoT-enabled 

environmental monitoring. However, several research challenges remain unresolved. Most existing 

systems monitor only a limited number of pollutants, provide basic visualization without intelligent 

alert mechanisms, or lack scalability for large-area deployment. Furthermore, many low-cost sensor-

based systems suffer from calibration issues, communication constraints, and limited integration of 

multiple environmental parameters. Recent reviews also identify data quality, interoperability, sensor 

reliability, and scalable cloud integration as persistent challenges in IoT-based air quality monitoring 

systems. 

 

Motivated by these limitations, the proposed work develops a low-cost, ESP8266-based IoT air 

quality monitoring system capable of simultaneously monitoring particulate matter, harmful gases, 

temperature, and humidity with real-time cloud connectivity, automated threshold-based alerts, remote 

accessibility, and a scalable architecture suitable for deployment in smart cities, educational institutions, 

industries, and residential environments. This integrated approach aims to improve affordability, 

usability, scalability, and environmental awareness while addressing several limitations identified in 

previous studies. 

 

PROPOSED METHODOLOGY 

The principal objective of this project is to design, develop, and implement an Internet of Things 

(IoT)-based Air Quality Monitoring System capable of continuously measuring and reporting 

environmental conditions in real time. The proposed system aims to provide an affordable, reliable, and 

scalable solution for monitoring atmospheric pollution using the ESP8266 microcontroller. By 

combining low-cost environmental sensors, wireless communication technology, and cloud-based data 

management, the system seeks to overcome the limitations of conventional air quality monitoring 

stations, which are often expensive, geographically limited, and difficult to deploy on a large scale. 

 

One of the primary objectives is to continuously monitor important environmental parameters that 

directly influence air quality and human health. The system is designed to measure the concentration of 

particulate matter, specifically PM2.5 and PM10, which are among the most harmful airborne pollutants 

due to their ability to penetrate deep into the respiratory system. In addition to particulate matter, the 

proposed system monitors the concentration of hazardous gases such as Carbon Monoxide (CO), 

Carbon Dioxide (CO₂), and Ammonia (NH₃). These gases are selected because of their significant 

impact on environmental quality and public health. Carbon monoxide is a highly toxic gas generated 

mainly through incomplete combustion of fuels, while elevated carbon dioxide concentrations indicate 

poor air circulation and contribute to greenhouse gas emissions. Ammonia emissions from agricultural 

activities, industrial processes, and waste management facilities can also degrade air quality and 

adversely affect human health. The integration of temperature and humidity sensors further enhances 

the system by providing additional environmental information that influences pollutant behavior and 

atmospheric conditions. 

 

Another important objective is to ensure continuous real-time acquisition of environmental data 

through the integration of multiple sensing devices. Each sensor continuously measures its 
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corresponding environmental parameter and transmits the readings to the ESP8266 microcontroller for 

processing. The microcontroller performs data acquisition, preliminary filtering, and formatting before 

forwarding the information to cloud-based services. Continuous monitoring enables the detection of 

rapid fluctuations in pollution levels, allowing timely identification of hazardous environmental 

conditions that may otherwise remain unnoticed with periodic manual measurements. 

 

The project also aims to utilize the integrated Wi-Fi capability of the ESP8266 microcontroller to 

establish reliable wireless communication with cloud platforms. Unlike conventional monitoring 

systems that require dedicated communication hardware, the ESP8266 incorporates wireless 

networking functionality within a compact and cost-effective embedded platform. This built-in 

capability simplifies system architecture, reduces hardware complexity, lowers power consumption, 

and minimizes overall implementation cost. By leveraging Internet connectivity, the system enables 

uninterrupted transmission of environmental data to remote servers for storage, visualization, and 

analysis. 

 

A further objective is to develop a cloud-enabled monitoring platform capable of securely storing 

large volumes of environmental data collected over extended periods. Cloud storage provides 

centralized access to historical and real-time information while eliminating the need for local storage 

limitations. The stored datasets can be used for environmental analysis, pollution trend identification, 

seasonal variation studies, and predictive modeling. Long-term data collection also supports 

researchers, environmental agencies, and policymakers in evaluating the effectiveness of pollution 

control measures and identifying emerging environmental concerns. 

 

The proposed system is also intended to provide remote accessibility through a user-friendly web 

dashboard or mobile application. Users should be able to access current air quality information 

regardless of their physical location, provided Internet connectivity is available. The visualization 

interface is expected to display sensor readings using intuitive graphical representations such as charts, 

gauges, numerical indicators, and Air Quality Index (AQI) values. Historical trends and statistical 

summaries enable users to understand changes in environmental conditions over time. Such 

accessibility increases public awareness and supports informed decision-making regarding outdoor 

activities, workplace safety, and pollution management. 

 

Another major objective is to implement automated monitoring without requiring continuous human 

supervision. Traditional environmental monitoring frequently involves manual inspection, data 

recording, instrument calibration, and report generation, making it labor-intensive and time-consuming. 

The proposed IoT-based system is designed to operate autonomously after installation. Environmental 

data are automatically collected, processed, transmitted, and archived without manual intervention. This 

automation improves operational efficiency while minimizing the possibility of human errors associated 

with manual data collection and recording. 

 

The project also seeks to incorporate an intelligent alert mechanism capable of notifying users 

whenever pollutant concentrations exceed predefined safety limits. Automatic notifications may be 

delivered through mobile applications, email, web interfaces, or other communication platforms. Early 

warning alerts enable residents, industries, healthcare organizations, and environmental authorities to 

take immediate preventive actions, such as limiting outdoor exposure, improving ventilation, or 

initiating pollution control measures. The implementation of such warning systems significantly 

enhances the practical usefulness of continuous environmental monitoring. 

 

Reducing the overall cost of air quality monitoring is another important objective of the proposed 

work. Conventional monitoring stations require sophisticated analytical instruments, specialized 

infrastructure, regular maintenance, and trained personnel, resulting in substantial installation and 

operational expenses. The proposed system utilizes affordable sensors, open-source hardware, and low-
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cost communication technologies, making it economically feasible for educational institutions, 

residential societies, industries, municipal authorities, and research organizations. Lower deployment 

costs also facilitate the installation of multiple monitoring nodes across larger geographical regions, 

thereby improving spatial coverage and monitoring accuracy. 

 

Scalability and flexibility represent additional objectives of the proposed system. The architecture is 

designed to support future expansion by allowing additional sensors and communication modules to be 

integrated with minimal hardware modifications. New environmental parameters such as ozone 

concentration, sulphur dioxide, volatile organic compounds, atmospheric pressure, noise levels, or 

ultraviolet radiation can be incorporated depending on application requirements. Similarly, the 

communication infrastructure can be upgraded to support emerging IoT technologies, including 

LoRaWAN, NB-IoT, or fifth-generation (5G) wireless networks. Such flexibility ensures that the 

system remains adaptable to evolving environmental monitoring needs. 

 

Another objective is to improve environmental awareness among the general public by making real-

time air quality information easily accessible. When citizens have continuous access to localized 

pollution data, they become more conscious of environmental conditions and are more likely to adopt 

sustainable practices that reduce emissions. Public access to environmental information also promotes 

transparency and encourages community participation in pollution reduction initiatives. 

 

The proposed system is further intended to support smart city development by serving as a distributed 

environmental sensing platform. Smart cities increasingly rely on IoT technologies to monitor 

infrastructure, transportation, energy consumption, and environmental quality. The developed air 

quality monitoring system can function as one component of a larger smart city ecosystem, where data 

collected from multiple sensor nodes contribute to integrated urban management systems. 

Environmental information can be combined with traffic, weather, and industrial activity data to support 

intelligent urban planning and pollution mitigation strategies. 

 

The project also aims to enhance research opportunities by generating comprehensive environmental 

datasets suitable for scientific analysis. Researchers can utilize the collected information to investigate 

pollution dynamics, evaluate seasonal variations, develop predictive air quality models, and apply 

artificial intelligence or machine learning techniques for pollution forecasting. The availability of 

continuous environmental data also supports interdisciplinary research involving environmental 

science, public health, wireless communication, embedded systems, and data analytics. 

Reliability and operational stability constitute another significant objective of the proposed design. 

The monitoring system should operate continuously for extended durations with minimal maintenance 

requirements while maintaining consistent measurement performance. Stable wireless communication, 

efficient sensor integration, reliable cloud connectivity, and effective power management are essential 

to ensuring uninterrupted system functionality under varying environmental conditions. 

 

Finally, the overall objective of the project is to develop a comprehensive, intelligent, and sustainable 

air quality monitoring solution that combines embedded systems, Internet of Things technology, 

wireless communication, cloud computing, and environmental sensing into a unified platform. The 

proposed system is expected to provide accurate, continuous, and real-time environmental information 

while remaining affordable, portable, energy-efficient, and easy to deploy. By enabling proactive 

monitoring of atmospheric pollution, the system can support environmental protection initiatives, 

improve public health awareness, assist policymakers in evidence-based decision-making, and 

contribute to the development of healthier, cleaner, and smarter communities (see Figure 1). 

 

RESULT 

The Air Quality Monitoring System successfully displays real-time environmental parameters 

through a digital dashboard. The measured CO₂ level is 191 ppm, which is within a safe range. The AQI 
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value is 382, indicating very poor air quality and suggesting that the air is highly polluted and may be 

harmful to health. The recorded temperature is 28°C, showing normal ambient conditions, while the 

humidity is 23%, indicating relatively dry air (see Figure 2). 

 

 
Figure 1. Air Quality Monitoring System 

 

 
Figure 2. Output of Air Quality Monitoring System result 

 

Overall, the system effectively monitors and visualizes air quality parameters in real-time, helping 

users quickly assess environmental conditions and take necessary precautions when pollution levels are 

high. 

 

CONCLUSION 

The IoT-based Air Monitoring System offers a practical, efficient, and cost-effective approach for 

continuous monitoring of environmental air quality. By integrating multiple environmental sensors with 

a Wi-Fi-enabled ESP8266 microcontroller, the system is capable of measuring critical air quality 

parameters such as particulate matter (PM2.5 and PM10), harmful gases, temperature, and humidity in 

real time. The collected sensor data are processed locally and transmitted to a cloud-based platform, 

enabling secure storage, remote accessibility, and continuous monitoring through web or mobile 

applications. This real-time data acquisition and communication eliminate the need for manual data 

collection while ensuring that environmental information is always available for analysis and decision-

making. One of the major advantages of the proposed system is its ability to provide timely detection 

of hazardous air pollutants. Continuous monitoring allows users, industries, healthcare organizations, 
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and government agencies to identify deteriorating air quality conditions at an early stage and take 

appropriate preventive measures to minimize health risks. Automated alerts and remote monitoring 

capabilities further enhance the effectiveness of the system by enabling immediate response whenever 

pollutant concentrations exceed permissible safety limits. Such proactive monitoring contributes 

significantly to reducing human exposure to harmful pollutants and improving overall public health. 

The proposed system is designed using low-cost hardware components and open-source technologies, 

making it economically feasible for large-scale deployment. Its compact architecture, wireless 

connectivity, and modular design allow easy installation in diverse environments, including urban areas, 

industrial zones, educational institutions, hospitals, agricultural fields, and residential communities. 

Furthermore, the scalable design enables the integration of additional environmental sensors and 

advanced data analytics, making the system adaptable to future smart city and environmental 

monitoring applications. Overall, the IoT-based Air Monitoring System represents a reliable, scalable, 

and intelligent solution for modern environmental monitoring. By combining embedded systems, 

Internet of Things technology, cloud computing, and wireless communication, the proposed system 

facilitates continuous air quality assessment, supports environmental sustainability initiatives, enhances 

public awareness, and assists policymakers in implementing effective pollution control strategies. Its 

adoption can contribute significantly to healthier living environments, improved environmental 

management, and the development of sustainable smart cities. 

 

REFERENCES 

1. Arkhan MG, Saputra ZRE. Air quality monitoring system based Internet of Things. Brilliance: 

Research of Artificial Intelligence. 2024;4(2):669-673. doi:10.47709/brilliance.v4i2.4924. 

2. Hermawan RB, Setiyono. Air quality warning system design using NodeMCU and IoT platform. J 

Telematika. 2025;20(1):1-10. doi:10.61769/telematika.v20i1.745. 

3. Kumar M, Mishra G, Sharma A, Shaini A, Saxena S. Air quality monitoring using MQ135 gas 

sensor and Arduino Uno. Int J Latest Technol Eng Manag Appl Sci. 2025;14(5):1097-101. 

doi:10.51583/IJLTEMAS.2025.140500119. 

4. D. Thanushree and G. Vaishnavi, "Air Quality Detection Using Embedded Systems," International 

Journal of Advanced Research in Computer and Communication Engineering, 2021, 

doi:10.17148/IJARCCE.2021.10741. 

5. Valagulam CR, Ananthaneni A, Threlok Boiena T. Monitoring of cloud-based air quality using 

NodeMCU. Int J Res Appl Sci Eng Technol. 2023;11(7):687-692, doi:10.22214/ijraset.2023.54738.  

6. Desavale R, Rakibe O, Kad Deshmukh S, Palkar P, Thombare NS. IoT based air quality monitoring 

system. Int J Res Appl Sci Eng Technol. 2025;13(9):988-991. doi:10.22214/ijraset.2025.74165.  

7. Kashid MM, Karande KJ, Mulani AO. IoT-based environmental parameter monitoring using a 

machine learning approach. In: Balas VE, Sharma N, Chakrabarti A, editors. Proceedings of the 

International Conference on Cognitive and Intelligent Computing (ICCIC 2021). Lecture Notes in 

Networks and Systems. Vol. 374. Singapore: Springer; 2022. p. 43-51. doi:10.1007/978-981-16-

9907-5_5.  

8. Ghodake RG, Mulani AO. Sensor based automatic drip irrigation system. J Res. 2016;2(2):53-56.  

9. Ghodake RG, Mulani AO. Microcontroller based automatic drip irrigation system. In: Bhate D, 

Deshpande A, Mahalle P, Perumal T, editors. TechnoSocietal 2016: Proceedings of the 

International Conference on Advanced Technologies for Societal Applications. Advances in 

Intelligent Systems and Computing. Vol. 734. Cham (CH): Springer; 2018. p. 109-115. 

doi:10.1007/978-3-319-70548-4_11. 

10. Kamble A, Mulani AO. Google assistant-based device control. Int J Aquat Sci. 2022;13(1):550-

555. 

11. Kedar MS, Mulani AO. IoT based soil, water and air quality monitoring system for pomegranate 

farming. J Electron Comput Netw Appl Math. 2021;8(6):1-7.  

12. Mulani AO, Bang AV, Birajadar GB, Deshmukh AB, Jadhav HM, Liyakat KKS. IoT based air, 

water, and soil monitoring system for pomegranate farming. Ann Agri-Bio Res. 2024;29(2):71-86.  

13. Godse AP, Mulani AO. Embedded Systems. 1st ed. Pune (IN): Technical Publications; 2009.  



 

International Journal of Environmental Noise and Pollution Control 

Volume 4, Issue 2 

 

 

© STM Journals 2026. All Rights Reserved 11  
 

14. R. S. Pol, M. V. Bhalerao, and A. O. Mulani, "A Real-Time IoT-Based System for Prediction and 

Monitoring of Landslides," International Journal of Food and Nutritional Sciences, vol. 11, no. 7, 

2022. 

15. Gadade B, Mulani AO, Harale AD. IoT based smart school bus and student monitoring system. Nat 

Campano. 2024;28(1):730-737.  

16. Thigale SP, Jadhav HM, Mulani AO, Birajadar GB, Nagrale M, Sardey MP. Internet of Things and 

robotics in transforming healthcare services. Afr J Biol Sci. 2024;6(6):1567-1575.  

17. Dandage AS, Rupnar VR, Pise TA, Mulani AO. IoT-powered weather monitoring and irrigation 

automation: transforming modern farming practices. Int J Digit Commun Analog Signals. 

2025;11(1):1-8. 

18. Godase V, Mulani AO, Takale S, Ghodake R. Comprehensive review of automated field irrigation 

using soil image analysis and IoT. J Adv Electr Eng Devices. 2025;3(1):46-55. 

19. Mulani AO, Godase VV, Takale SR, Ghodake RG. Advancements in artificial intelligence: 

transforming industries and society. Int J Artif Intell Things Commun Ind. 2025;1(2):1-5. 

 


