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ABSTRACT: This air quality monitoring system integrates diverse sensing elements, employing an ESP32 

microcontroller as the central processing unit. The system encompasses a gas sensor, smoke sensor, dust sensor, and 

CO2 sensor, each dedicated to quantifying distinct airborne pollutants. These sensors collectively contribute to a 

comprehensive assessment of air quality. Additionally, an ultrasonic sensor is incorporated to measure distance in 

centimeters, offering a means to gauge pollution levels across different spatial zones. Complementing this, a sound 

sensor is employed for acoustic monitoring, facilitating the evaluation of ambient noise levels within a specific 

environment. The system's output is disseminated through a Blynk app, providing a user-friendly interface for real-time 

data visualization and analysis. Furthermore, an LCD display serves as an auxiliary output mechanism, enhancing the 

accessibility of information on-site. This amalgamation of sensors and data dissemination mechanisms creates a robust 

platform for monitoring and analyzing various environmental parameters, making it a versatile tool for comprehensive 

air quality assessment. 
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I. INTRODUCTION 
 

The escalating global issue of air pollution, adversely impacting populations worldwide, necessitates advanced air 

quality monitoring systems to address health concerns. These systems are crucial for tracking diverse pollutants in the 

air, such as those contributing to respiratory infections, heart disease, and cancer. However, conventional air quality 

monitoring systems pose challenges due to their high cost, installation complexities, and maintenance difficulties, 

rendering them inaccessible, particularly in developing nations. To address this gap, there is a compelling need for the 

development of a cost-effective, user-friendly air quality monitoring system that can be deployed across various 

settings. 

 

The primary objective of an IoT-based air and noise pollution monitoring system is to address the pressing issue of 

escalating air pollution, recognizing that clean air is vital for human survival. The adverse effects of air pollution, 

causing significant harm to individuals, underscore the importance of monitoring and mitigating pollution levels. With 

over seven million annual fatalities attributed to air pollution globally, it is imperative to develop innovative solutions. 

The proposed system aims to leverage Internet of Things (IoT) technology to create an efficient air pollution 

monitoring system capable of providing real-time data over a web server. This system is designed to trigger alarms 

when air quality deteriorates beyond predefined thresholds, indicating the presence of harmful gases such as CO2, 

smoke, alcohol, benzene, and NH3. 

 

The IoT-based Air Pollution Monitoring System integrates the MQ135 sensor as the air quality sensor of choice, known 

for its accurate detection of various harmful gases. This sensor will relay air quality data to a web server, presenting 

information on an LCD display and a dedicated webpage. This enables remote monitoring of pollution levels, 

enhancing accessibility and facilitating prompt responses to deteriorating air quality conditions. By employing IoT 

technology, users can remotely access pollution data through computers or mobile devices. The system's versatility is 

highlighted by its ability to trigger devices like exhaust fans or send alert notifications via SMS or email when pollution 

levels surpass predefined thresholds. This innovative approach leverages technology to address the challenges posed by 

air pollution, providing a comprehensive solution for monitoring and managing air quality in diverse environments. 
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II. RELATED WORK 
 

The existing landscape of air and sound pollution monitoring systems has seen significant developments, with the 

integration of IoT technology and the ESP32 microcontroller showcasing promising advancements. However, certain 

drawbacks and limitations persist, paving the way for further refinement and innovation. One notable drawback lies in 

the complexity and cost associated with traditional air quality monitoring systems, which often hinder their widespread 

adoption, especially in resource-constrained environments such as developing countries. The expenses related to 

installation, maintenance, and equipment procurement can be prohibitive, limiting the accessibility of these systems to 

a broader demographic. This underscores the need for more cost-effective and user-friendly alternatives that leverage 

IoT technologies, like the proposed system utilizing ESP32. 

 

Another drawback of existing systems lies in the limited scalability and adaptability to diverse environmental 

conditions. Many current air and sound pollution monitoring systems are designed for specific use cases or fixed 

environments, making them less versatile for deployment in varied settings. The lack of adaptability restricts their 

effectiveness in addressing the dynamic nature of pollution levels across different geographical locations and varying 

urban landscapes. The proposed IoT-based system with ESP32 aims to overcome these limitations by providing a 

scalable and adaptable solution that can be easily deployed in a variety of settings, promoting widespread usability and 

relevance. 

 

Additionally, the reliance on traditional monitoring methods in existing systems may lead to delays in data acquisition 

and analysis. These systems often lack real-time capabilities, which are crucial for promptly responding to fluctuations 

in pollution levels. The proposed IoT system using ESP32 addresses this drawback by enabling real-time data 

monitoring and analysis, facilitated through seamless connectivity to a web server. This ensures that stakeholders 

receive timely information, allowing for immediate responses to mitigate adverse air and sound pollution conditions. 

 

Furthermore, the existing systems may lack comprehensive integration of both air and sound pollution monitoring, 

focusing predominantly on one aspect while neglecting the other. This siloed approach limits the holistic understanding 

of environmental conditions. The proposed system employing IoT and ESP32 addresses this limitation by integrating 

both air and sound pollution monitoring capabilities. This comprehensive approach provides a more nuanced 

understanding of the environmental context, allowing for more informed decision-making and effective pollution 

management strategies. In conclusion, while existing systems have made strides in monitoring air and sound pollution, 

the drawbacks highlight the importance of continued innovation, as demonstrated by the proposed IoT-based solution 

leveraging the ESP32 microcontroller. 

 

                                               
                                                                              Fig. Sound sensor 
 
A sound sensor is a device that converts sound waves into electrical signals. It combines a microphone and processing 
circuitry on a small board. It measures sound intensity and produces a digital output signal using a microphone and 
LM393 level comparator chip. 
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Sound sensors can be classified into two main types: 

Microphones: Microphones work by converting sound vibrations into electrical signals. There are two main types of 

microphones: dynamic microphones and condenser microphones. Dynamic microphones are more rugged and 

durable, while condenser microphones are more sensitive and have a wider frequency response. 

 

Piezoelectric sensors work by converting mechanical stress into electrical signals. They are less sensitive than 

microphones, but they are also more rugged and can be used to detect a wider range of noise quality. 

 
Fig. Gas Sensor 

 
The detection and monitoring of gases in the environment are crucial for maintaining air quality and ensuring public 

health and safety. This paper discusses the development and implementation of a gas sensor designed for environmental 

monitoring. We explore the underlying principles of gas sensing, the materials used, the sensor design, and the testing 

and calibration processes. The performance of the sensor in detecting various gases, including carbon monoxide (CO), 

nitrogen dioxide (NO2), and ozone (O3), is evaluated. We also consider the sensor's potential applications in urban air 

quality monitoring, industrial safety, and environmental research. 

 

Air pollution is a significant concern globally, affecting the environment and human health. Accurate detection and 

monitoring of gaseous pollutants are essential for mitigating these effects. Gas sensors are devices that can detect the 

presence and concentration of gases in the atmosphere. This paper focuses on the design and implementation of a gas 

sensor that can be used for continuous environmental monitoring. 

 

The increasing concern over air quality and industrial safety has led to the development of more advanced gas sensors. 

This paper presents the design, fabrication, and performance evaluation of a novel gas sensor capable of detecting a 

range of harmful gases, including carbon monoxide (CO), nitrogen dioxide (NO2), and methane (CH4). The sensor 

utilizes a combination of metal oxide semiconductors and nanomaterials to enhance sensitivity and selectivity. 

Experimental results demonstrate the sensor's efficacy in detecting low concentrations of target gases with high 

accuracy and rapid response times. 

 

The sensor comprises a sensing element made from a composite of metal oxide semiconductors (MOS) and carbon 

nanotubes (CNTs). The MOS provides the primary sensing capability, while the CNTs enhance conductivity and 

sensitivity. The fabrication process involves the deposition of MOS materials onto a silicon substrate, followed by the 

incorporation of CNTs through a chemical vapor deposition (CVD) process. The sensor is then packaged and connected 

to an electronic circuit for signal processing 
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III. PROPOSED METHODOLOGY 
 

The proposed methodology for implementing an IoT-based air and sound pollution monitoring system is rooted in the 

deployment of a networked array of specialized sensors, leveraging advanced connectivity technologies and 

sophisticated data analytics platforms. The system strategically incorporates air quality sensors deployed in key 

locations to measure diverse pollutant levels, encompassing particulate matter, gases, and volatile organic compounds 

(VOCs). Simultaneously, sound sensors are strategically positioned to capture ambient noise levels and patterns within 

the environment. 

 

The sensor nodes communicate their data to a central data management system through either wireless or wired 

communication protocols, facilitating seamless data transfer. This central data management hub serves as the nexus for 

aggregating and coordinating the information gathered by the distributed sensor network. Subsequently, the amassed 

data undergoes real-time processing and analysis, facilitated by cloud-based analytics platforms. This approach ensures 

that the system operates with efficiency and agility, enabling timely responses to dynamic environmental conditions.  

 

End-users, including authorities, environmental agencies, and individuals, gain access to the monitoring system through 

web or mobile applications. These user interfaces provide intuitive visualizations of pollution data, real-time alerts, and 

access to historical data trends. By offering a user-friendly experience, the proposed system empowers stakeholders to 

make informed decisions based on the comprehensive insights derived from the amalgamated air and sound pollution 

data. 

 

The IoT-based Air Pollution Monitoring System integrates the MQ135 sensor as the air quality sensor of choice, known 

for its accurate detection of various harmful gases. This sensor will relay air quality data to a web server, presenting 

information on an LCD display and a dedicated webpage. 

 

 
             

  Fig 1. Proposed System Architecture 
 

The versatility of the proposed methodology extends to its capacity to integrate seamlessly with existing infrastructure, 

including smart city platforms and industrial monitoring systems. This integration enhances the overall efficacy of 

environmental monitoring by providing a comprehensive view of conditions. Such a holistic perspective allows for 

effective decision-making, as authorities can identify pollution hotspots, implement targeted pollution control 

measures, and proactively mitigate environmental challenges. In essence, the proposed methodology establishes a 

robust framework for real-time monitoring, analysis, and decision support in the realm of air and sound pollution, 

contributing to the advancement of sustainable and responsive environmental management practices. 
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IV. WORKING MODULE 
 

The functionality of the air quality monitoring system is underpinned by the integration of diverse sensors and the 

ESP32 microcontroller. The project's working module involves a cohesive interaction among the gas sensor, smoke 

sensor, dust sensor, CO2 sensor, ultrasonic sensor, and sound sensor, all orchestrated by the ESP32 microcontroller. 

The gas sensor, equipped to detect specific gases present in the air, facilitates the quantification of pollutant levels, 

contributing crucial data for comprehensive air quality assessment. Simultaneously, the smoke sensor specializes in 

detecting smoke particles, aiding in the identification and measurement of combustion-related pollutants. Additionally, 

the dust sensor plays a pivotal role in measuring particulate matter concentrations, providing insights into airborne 

particle pollution. The CO2 sensor focuses on monitoring carbon dioxide levels, an essential metric for assessing 

indoor air quality and potential ventilation needs. 

 

The ultrasonic sensor, employed in the project, serves a dual purpose by measuring distances in centimeters. This 

functionality is particularly valuable for spatial monitoring, allowing for the assessment of pollution levels in different 

areas. By leveraging ultrasonic waves, the sensor provides accurate distance measurements, contributing to the project's 

environmental monitoring capabilities. Furthermore, the sound sensor is integral for monitoring the ambient noise level 

within a specific environment. This sensor detects sound signals, enabling the system to assess noise pollution levels 

and contributing to a more comprehensive understanding of the overall environmental conditions. 

 

The ESP32 microcontroller acts as the central processing unit, orchestrating the operation of the sensors and facilitating 

seamless communication between the various components. It manages data acquisition from the sensors and processes 

the information to derive meaningful insights into air quality and environmental parameters. The LCD display serves as 

a user interface, presenting real-time information on pollutant levels, distance measurements, and noise levels for on-

site monitoring. 

 

The Blynk app complements the system by providing a user-friendly interface for remote monitoring and control. 

Through this application, users can access data visualizations, receive alerts, and monitor environmental conditions in 

real-time. The collaborative synergy of these components creates a robust air quality monitoring system capable of 

offering valuable insights into pollutant concentrations, spatial variations, and ambient noise levels, contributing to 

informed decision-making and effective environmental management.  

 

 
 

Fig 2. System Working Use Case 
 

The air quality monitoring system incorporates a comprehensive array of sensors and a central ESP32 microcontroller 

for environmental parameter assessment. The sensing components include a gas sensor, smoke sensor, dust sensor, and 

CO2 sensor, specifically designed for measuring distinct airborne pollutants. The gas sensor provides data on various 
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gases present in the air, the smoke sensor quantifies particulate matter from combustion processes, the dust sensor 

gauges airborne particulate concentration, and the CO2 sensor measures carbon dioxide levels. Additionally, an 

ultrasonic sensor is employed for precise distance measurement in centimeters, offering valuable insights into pollution 

levels across different spatial zones. The sound sensor is utilized to detect ambient noise, facilitating the monitoring of 

noise levels in a specific environment. The ESP32 microcontroller acts as the central processing unit, orchestrating the 

seamless integration of sensor data and enabling real-time analysis. This integrated system provides a comprehensive 

and technical approach to monitoring air quality and environmental conditions, ensuring a thorough assessment of 

pollutant levels and noise in a given area. 

 

V. EXECUTION OF PROJECT 
 

1. Overall project:  

 

 
     

2. Air quality displayed on LCD display: 
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3. Noise quality displayed on LCD display: 

 

 
 

4. Distance of object from the sensor displayed on LCD display: 

 

 
 

VI. CONCLUSION 
 

In conclusion, the air quality monitoring system featuring an ESP32 microcontroller, an array of sensors including gas, 

smoke, dust, and CO2 sensors, alongside an ultrasonic sensor and a sound sensor, constitutes a comprehensive and 

technologically advanced solution for environmental monitoring. By utilizing specialized sensors, the system adeptly 

quantifies various pollutants in the air, providing a nuanced understanding of environmental conditions. The 

incorporation of an ultrasonic sensor enables precise distance measurement in centimeters, enhancing the system's 

capability to monitor pollution levels across diverse spatial zones. Additionally, the integration of a sound sensor 

facilitates the monitoring of ambient noise levels in specific environments, contributing to a holistic assessment of the 

overall environmental quality. The utilization of the ESP32 microcontroller serves as a robust central processing unit, 

orchestrating the seamless operation and integration of the diverse sensor inputs. The data visualization and real-time 

monitoring aspects are augmented through the integration of a Blynk app and an LCD display, providing users with 

accessible and immediate insights into air quality parameters. This amalgamation of cutting-edge sensors, 

microcontroller technology, and user interface components establishes a sophisticated and versatile air quality 

monitoring system poised to contribute significantly to environmental assessment and management. 
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