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Abstract  

This paper confers the blueprint and execution of an air quality monitoring system utilizing an ESP32 

microcontroller, along with SHT31, MQ-6, and MQ-9 sensors. The system is developed to presents 

instantaneous data on various environmental variables such as temperature, humidity, and the 

concentration of hazardous gases. The SHT31 sensor measures temperature and humidity with high 

accuracy, while the MQ-6 and MQ-9 sensors determines the presence of gases like LPG, methane, 

carbon monoxide, and other combustible gases. Data from these sensors are processed by the ESP32 

and transmitted to a remote server via Wi-Fi for real-time monitoring and analysis. This system aims 

to provide an affordable, efficient, and scalable solution for environmental monitoring in urban and 

industrial areas, aiding in pollution control and public health protection  
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I. INTRODUCTION 

 The increasing levels of air pollution in urban and industrial areas give rise to 

remarkable risks to ecosystem. Air quality monitoring have become crucial for identifying 

pollution sources, assessing the efficiency of measuring the control, and informing the public 

about potential health hazards. Air quality traditional monitoring systems are often expensive, 

complex, and lack the flexibility needed for widespread deployment.  

 Recent advancements in Internet of Things (IoT) technologies offer promising 

solutions for developing cost-effective, scalable, and real-time monitoring systems of air 

quality. This paper confers the blueprint and execution of a structure making use of ESP32 

microcontroller, along with SHT31, MQ-6, and MQ-9 sensors.  

 The ESP32 is a effective, affordable microcontroller with integrated Wi-Fi and 

Bluetooth abilities, making it best possible for IoT applications. The SHT31 sensor provides 

accurate measurements of temperature and humidity, essential parameters for understanding 

environmental conditions. The MQ-6 and MQ-9 sensors detect various hazardous gases, 

including LPG, methane, and carbon monoxide, which are common pollutants in urban and 

industrial settings.  

 By integrating these sensors with the ESP32, the proposed system can continuously 

monitor air quality limiting factors and transmit the input to a remote server for real-time 

analysis and visualization. This approach not only enhances the accessibility and reliability of 
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air quality data but also supports proactive measures for pollution control and public health 

protection.  

 This paper outlines the system's hardware and software architecture, describes the 

sensor calibration and data processing methods, and discusses the results from initial 

deployments. The proposed solution demonstrates the potential of IoT-based systems in 

addressing the challenges of monitoring the air quality and management.  

 

II. LITERATURE SURVEY 

 The increasing concern over air pollution has led to significant research and 

development in the field of monitoring the air quality. Traditional monitoring systems, such 

as those deployed by governmental agencies, utilize large, stationary stations equipped with 

high precision instruments to measure pollutants. Though, these systems are expensive, 

require significant maintenance, and lack the spatial coverage needed for comprehensive 

monitoring. 

 Recent advancements in IoT and sensor technologies have given the method for more 

accessible and scalable monitoring solutions ofair quality. Portable and minimum in cost air 

quality sensors has developed, allowing for dense networks of monitoring points. For 

instance, Kumar et al. explored the deployment of portable sensors to create high-resolution 

air quality maps, demonstrating the feasibility of using low-cost sensors for large-scale 

monitoring.  

 Microcontrollers like the ESP32 have gained popularity in IoT applications due to 

their affordability, integrated Wi-Fi and Bluetooth abilities. Espressif Systems highlighted the 

versatility of the ESP32 for IoT applications, noting its wide range of compatible sensors and 

ease of integration. In previous studies utilized the ESP32 for environmental monitoring, like 

temperature and humidity sensing.  

 The SHT31 sensor, known for its error free and exceptional in estimating temperature 

and humidity, has been employed in various environmental monitoring applications. Liu et al. 

demonstrated the sensor's effectiveness in providing stable and precise data in harsh 

environments.  

 Gas sensors like MQ-6 and MQ-9 are broadly used for sensing hazardous gases. The 

MQ-6 sensor is sensitive to LPG and methane, making it suitable for detecting leaks and 

ensuring safety in industrial settings. The MQ-9 sensor, with its sensitivity to carbon 

monoxide and other combustible gases, it is dangerous for monitoring quality of air and 

detecting potential health hazards. Studies by Zhang et al. have shown the effectiveness of 

these sensors in realtime gas detection applications.  

 Combining these sensors with the ESP32 microcontroller, recent projects have 

developed integrated air quality monitoring systems. For instance, Gupta et al. implemented a 

similar classification monitoring the air quality in urban, highlighting the benefits of real-time 

data collection and remote access. These systems have proven to be cost-effective and 

scalable, providing valuable data for pollution control and public health protection.  

 Overall, the integration of IoT technologies with advanced sensors offers a promising 

approach to air quality monitoring. The use of ESP32, SHT31, MQ-6, and MQ-9 sensors 
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provides a comprehensive solution for environmental monitoring, addressing the limitations 

of traditional systems.  

 

III. EXISTING SYSTEM 

 Traditional monitoring the air quality systems typically involve the routine of large, 

stationary monitoring stations equipped with high-precision instruments. These 

classifications are often functioned by governmental agencies and research institutions to 

measure various contaminants such as particulate matter (PM10, PM2.5), nitrogen dioxide 

(NO2), sulphur dioxide (SO2), carbon monoxide (CO), ozone (O3), and other hazardous 

gases.  

 

Components: 

1. High-Precision Sensors: These sensors provide accurate and reliable measurements of 

air pollutants.  

2. Analytical Instruments: Instruments such as gas chromatographs and spectrometers of 

mass are used for detailed chemical analysis.  

3. Data Logging Systems: Systems that collect, store, and transmit data to centralized 

servers for analysis.  

4. Detection and Maintenance Equipment: Detection and maintenance are necessary to 

make sure the structure is error free and reliable to sensors and instruments.  

 

Disadvantages: 

1. High Cost: Traditional systems are expensive to purchase, install, and maintain. High 

precision sensors and analytical instruments require significant financial investment.  

2. Complexity: The setup and operation of these systems require specialized knowledge 

and trained personnel, fewer accessible for widespread use.  

3. Limited Spatial Coverage: Due to its high cost and size, traditional monitoring stations 

are usually deployed sparsely, resulting in limited spatial coverage. This can lead to gaps 

in data, especially in areas not directly near the monitoring stations.  

4. Low Temporal Resolution: Traditional systems often have lower temporal resolution, 

meaning they may not capture real-time variations in air quality. Data is typically 

collected at regular intervals (e.g., hourly or daily), which might miss short-term 

pollution events.  

5. Maintenance Requirements: Regular maintenance and detection are necessary to assure 

data accuracy, adding to the maintenance costs and complexity.  

6. Inflexibility: Systems cannot be easily relocatable. Once installed, they are typically 

fixed in place, limiting their flexibility to monitor different locations as needed.  

7. Data Accessibility: Data from traditional systems is often not easily accessible to the 

public in real-time. It usually requires processing and dissemination through official 

channels, which can delay public awareness and response.  
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IV. PROPOSED SYSTEM  

 In this proposed method monitoring system of air quality leverages the ESP32 

microcontroller and integrates it with the SHT31, MQ-6, and MQ-9 sensors. The system is 

intended to provide instantaneous monitoring of environmental variables like temperature, 

humidity, and the concentration of hazardous gases like LPG, methane, and carbon 

monoxide.  

 

Components: 

1. ESP32 Microcontroller: Integrated Wi-Fi and Bluetooth abilities for easy data 

transmission. Low power consumption and cost-effective. Adequate processing power 

for sensor data collection and transmission.  

2. SHT31 Sensor: Measures temperature and humidity with high accuracy. Communicates 

with the ESP32 via the I2C interface.  

3. MQ-6 Sensor: Detects LPG and methane gases. Outputs an analog signal relative to the 

gas concentration.  

4. MQ-9 Sensor: Detects carbon monoxide and other combustible gases. Outputs an analog 

signal proportional to the gas concentration.  

 

Advantages: 

1. Cost-Effectiveness: Utilizes affordable components, making it accessible for widespread 

use. Lowers the overall cost of air quality monitoring compared to traditional systems.  

2. Real-Time Monitoring: Provides continuous real-time data on air quality parameters. 

Enables timely detection of pollution events and hazardous conditions.  

3. Scalability: Easily scale up the system by deploying multiple units across different 

locations. Ideal for creating a dense network of monitoring points.  

4. Ease of Deployment: Compact and portable, making it easy to install and relocate as 

needed. Suitable for both stationary and mobile monitoring applications.  

5. Wireless Data Transmission: Utilizes Wi-Fi to transmit data to remote servers for 

storage and analysis. Ensures that data can be retrieved remotely in real-time.  

6. Low Power Consumption: ESP32 is intended for low power applications, extending the 

system's operational life, especially when powered by batteries or solar panels.  

7. Flexibility and Customization: The system can be customized to include additional 

sensors for other pollutants or environmental parameters. Firmware updates and software 

customization can be done remotely.  

8. User Accessibility: Data can be visualized through web dashboards or mobile 

applications, making it accessible to the public and stakeholders. Enhances community 

awareness and engagement regarding air quality issues.  

9. Proactive Environmental Management: Supports proactive measures by providing 

actionable insights and early warnings about air quality deterioration. Helps in 

formulating timely responses to mitigate adverse health impacts.  
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10. Research and Educational Tool: Useful for academic and research purposes, offering a 

hands-on approach to studying environmental science and IoT applications. Encourages 

citizen science initiatives by enabling communities to monitor their local air quality.  

 Overall, In proposed monitoring system of air quality utilizing the ESP32, SHT31, 

MQ-6, and MQ-9 sensors offers a robust, low cost, and scalable result for real time 

environmental monitoring. It addresses the limitations of traditional systems, providing 

enhanced spatial coverage, real-time data, and greater availability, that are critical for 

effective pollution control and public health protection.  

 

V. SYSTEM DESIGN  

Hardware Components: 

 ESP32 Microcontroller: Central unit for processing the data and wireless 

communication.  

 SHT31 Sensor: Measures temperature and humidity; connected via I2C interface.  

 MQ-6 Sensor: Detects LPG and methane; connected via analog input.  

 MQ-9 Sensor: Detects carbon monoxide; connected via analog input.  

 Power Supply: Can be a USB power source, battery, or solar panel.  

 PCB and Enclosure: Custom PCB for neat assembly and an enclosure to protect 

components.  

 

Software Components: 

 ESP32 Firmware: Developed using Arduino IDE.  

 Remote Server: Receives, stores, and processes data.  

 Web Interface: Visualizes data in real-time.  

 

VI. IMPLEMENTATION 

Hardware Setup: 

 Connect the SHT31 sensor to the ESP32 via the I2C interface (SDA and SCL pins).  

 Connect the MQ-6 and MQ-9 sensors to the ESP32 via analog input pins (A0  and A1).  

 Ensure proper power supply connections to all components.  

 

ESP32 Firmware Development: 

 Initialization: Initialize I2C communication for the SHT31 sensor. Configure analog 

inputs for the MQ-6 and MQ-9 sensors.  

 Data Acquisition: Periodically read temperature and humidity data from the SHT31 

sensor. Read analog values from the MQ-6 and MQ-9 sensors and convert them to gas 

concentration levels.  

 Data Processing: Process raw sensor data to meaningful values (e.g., gas concentration 

in ppm).  

 Wi-Fi Connectivity: Connect the ESP32 to a local Wi-Fi network.  

 Data Transmission: Use MQTT protocol to transmit data to a remote server.  
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Example Arduino code snippet for the ESP32:  
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Remote Server Setup: 

 Database: Set a database to store historical sensor data.  

 MQTT Broker: Configure an MQTT broker (e.g., Mosquitto) to handle incoming data 

from the ESP32.  

 Data Processing: Implement scripts to process and analyze incoming data.  

 Web Interface: Create a web-based panel using HTML, CSS, and JavaScript to display 

real-time data and historical trends.  

 Calibration and Testing: Calibrate sensors using known reference values to ensure 

accuracy. Conduct field tests in various environments to validate system performance 

and reliability.  

 Deployment: Install the system in desired locations (e.g., urban areas, industrial sites). 

Ensure proper power supply and network connectivity. Monitor system performance and 

make necessary adjustments.  

 

VIII. RESULTS  

 The monitoring system of air quality is utilized in various environments, including 

urban, industrial, and residential areas, to validate its performance. The subsequent results 

were found from the field tests:  

1. Temperature and Humidity Monitoring: The SHT31 sensor provided accurate 

temperature and humidity readings. Data collected showed consistency with local 

weather station data, indicating high reliability.  

 Example data over a 24-hour period: Temperature range: 16°C to 35°C, Humidity range: 

42% to 75%  

2. Gas Concentration Monitoring: The MQ-6 sensor successfully detected variations in 

LPG and methane levels. The MQ-9 sensor accurately measured carbon monoxide 

concentrations.  

 Example data over a 24-hour period: LPG concentration: 0 to 200 ppm, Methane 

concentration: 0 to 150 ppm, Carbon monoxide concentration: 0 to 50 ppm  

3. Data Transmission and Accessibility: The ESP32 microcontroller reliably transmitted 

data to the remote server via Wi-Fi. Data was successfully received, stored, and 

visualized in instantenous on the web interface. Users were able to access the data and 

historical trends through web dashboard spontaneously.  

4. System Performance: The system operated continuously with minimal downtime. 

Power consumption was within expected limits, making the system suitable for battery or 

solar power. The system was able to detect pollution events, such as sudden spikes in gas 

concentrations, and provide timely alerts.  

 

Discussion: 

1. Accuracy and Reliability: The SHT31 sensor demonstrated high accuracy in measuring 

temperature and humidity, validated by comparisons with standard weather station data. 
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The MQ-6 and MQ-9 sensors effectively detected LPG, methane, and carbon monoxide 

concentrations, showing sensitivity to changes in gas levels.  

2. Real-Time Monitoring: The system's ability to provide real-time data was crucial in 

identifying pollution events as they occurred. This feature is a significant advantage over 

traditional monitoring systems ofair quality, often has lower temporal resolution.  

3. Cost-Effectiveness and Scalability: The use of affordable components like the ESP32 

and gas sensors made the system cost effective. This affordability allows for the 

deployment of multiple units, creating a dense network of monitoring points and 

enhancing spatial coverage. The system's scalability ensures that it can be prolonged to 

cover larger areas or additional locations as needed.  

4. Ease of Deployment and Maintenance: The compact and portable design of the system 

facilitated easy deployment in various environments. The wireless data transmission 

capability eliminated the need for complex wiring, simplifying the installation process. 

Maintenance requirements were minimal, primarily involving periodic calibration of 

sensors to ensure continued accuracy.  

5. Data Accessibility and User Engagement: The web-based dashboard provided users 

with real-time access to air quality data, promoting transparency and community 

engagement. The system's ability to generate alerts for pollution events empowered users 

to take proactive measures to protect their health and the environment.  

6. Proactive Environmental Management: The early detection of pollution events 

enabled timely interventions, such as notifying authorities or implementing mitigation 

measures. This active method helps reduce the adverse health impacts of air pollution.  

 

Limitations and Future Work: 

 The system's accuracy is dependent on the proper calibration of sensors. Regular 

calibration is vital to maintain data reliability.  

 Forthcoming work could include integrating additional sensors to monitor other 

pollutants, such as nitrogen dioxide (NO2) and sulphur dioxide (SO2), to provide a more 

comprehensive air quality assessment.  

 In conclusion, the proposed monitoring system of air quality using ESP32, SHT31, 

MQ-6, and MQ-9 sensors provides a robust, affordable, and scalable solution for spontaneous 

environmental monitoring. It addresses the limitations of traditional systems, providing 

enhanced accuracy, real-time data, and greater accessibility, that is critical for effective 

pollution control and public health protection. The positive results from field tests underscore 

the system's potential to significantly improve monitoring of air quality and management.  

 

IX.  CONCLUSION 

 The acquittal of the monitoring system of air quality using the ESP32 microcontroller 

in conjunction with SHT31, MQ-6, and MQ-9 sensors has proven to be an effective, cost-

efficient, and scalable solution for spontaneous environmental detection. The model's 

capability to accurately measure temperature, humidity, and hazardous gas concentrations, 
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and to transmit this data wirelessly in real-time, addresses significant limitations of traditional 

air quality monitoring systems.  

 Field tests have demonstrated the system's reliability and accuracy, with the SHT31 

sensor providing precise temperature and humidity readings, and the MQ-6 and MQ-9 

sensors effectively detecting LPG, methane, and carbon monoxide levels. The continuous 

data collection and transmission facilitated real-time monitoring, enabling prompt detection 

of pollution events and timely alerts, which are critical for proactive environmental 

management.  

 The cost-effectiveness of the planned system, stemming from the usage of affordable 

components, allows for extensive deployment, creating dense networks of monitoring stations 

that enhance spatial coverage. The system's compact design and wireless communication 

capabilities simplify deployment and maintenance, making it suitable for various settings, 

including urban areas, industrial sites, and residential neighborhoods.  

 Moreover, the system's user-friendly web interface provides accessible real-time data 

visualization, promoting transparency and community engagement. This feature empowers 

users to make calculated decisions and take necessary measures to mitigate air pollution's 

adverse effects.  

 Future enhancements could include integrating additional sensors for a broader range 

of pollutants, improving data processing algorithms, and utilizing machine learning 

techniques for better trend prediction and source identification. These improvements would 

further increase the system's utility and effectiveness in monitoring of air quality and 

management.  

 In conclusion, the planned monitoring system of air quality significantly advances 

environmental monitoring technology. It offers a practical and scalable tool for mitigating the 

adverse impacts of air pollution, fostering safer and healthier communities, and promoting 

environmental sustainability. The system's successful deployment and positive performance 

outcomes highlight its potential for extensive use of application in various environmental 

monitoring scenarios.  

 

X.  FUTURE ENHANCEMENTS 

 To further enhance the functionality and effectiveness of the monitoring systemair 

quality, several improvements and additions can be considered:  

 

1. Integration of Additional Sensors: 

 Nitrogen Dioxide (NO2) and Sulphur Dioxide (SO2) Sensors: Adding sensors for 

NO2 and SO2 would provide a more comprehensive assessment of air quality, as these 

gases are common pollutants in urban and industrial areas.  

 Particulate Matter (PM2.5 and PM10) Sensors: Including sensors to measure 

particulate matter would help monitor dust particles which has significant health impacts.  
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2. Advanced Data Processing: 

 Machine Learning Algorithms: Implementing machine learning algorithms to analyze 

sensor data can improve the system's ability to predict pollution trends, detect anomalies, 

and identify pollution sources.  

 Edge Computing: Utilizing edge computing on the ESP32 to perform preliminary data 

processing and analysis before sending it to the remote server can reduce latency and 

bandwidth usage.  

 

3. Enhanced Connectivity: 

 LoRaWAN and Cellular Networks: Integrating LoRaWAN or cellular network 

modules for areas with limited Wi-Fi coverage would ensure uninterrupted data 

transmission from remote locations.  

 Bluetooth Integration: Adding Bluetooth capability for short-range data transfer can be 

useful for personal monitoring devices and mobile applications.  

 

4. Energy Efficiency: 

 Solar Power Integration: Incorporating solar panels to power the system would 

enhance its sustainability and allow for deployment in off-grid areas.  

 Low-Power Modes: Optimizing firmware to utilize the ESP32’s low-power modes can 

extend battery life, making the system more suitable for long-term deployment.  

 

5. Improved User Interface: 

 Mobile Applications: Evolving mobile applications for Android and iOS would provide 

users with real-time access to air quality data and alerts on the go.  

 Enhanced Web Dashboard: Adding more features to the web dashboard, such as 

historical data analysis, customizable alerts, and predictive analytics, would improve user 

experience and data utility.  

 

6. Calibration and Self-Diagnosis: 

 Automatic Calibration: Implementing automatic calibration routines for sensors can 

ensure consistent accuracy over time without manual intervention.  

 Self-Diagnosis Features: Adding self-diagnosis capabilities to detect sensor 

malfunctions or drift and notify users for maintenance or replacement.  

 

7. Network Integration: 

 Smart City Integration: Integrating the system with infrastructure of smart city can 

allow coordinated responses to pollution events and better urban planning. o  

 API for Data Sharing: Providing an API for sharing of data with other systems and 

researchers can facilitate collaboration and broader use of the collected data.  
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8. Security Enhancements: 

 Data Encryption: Implementing data encryption for transmitted and stored data to 

protect against unauthorized access and ensure data integrity.  

 Access Control: Adding robust access control mechanisms to the web dashboard and 

mobile applications to protect user data and privacy.  

 By implementing these future enhancements, the air quality monitoring system is 

versatile, reliable, and useful for a broader range of applications. These improvements will 

help in providing more comprehensive environmental monitoring, facilitating proactive 

pollution management, and promoting public health and safety.  
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