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________________________________________________________________________________________________________ 

Abstract: The humans utilize around 95% of indoor air and air quality monitoring is essential for 
maintaining healthy environment. The Internet of Things (IoT) contributes to facilitate smart and 
safe lifestyle. The pollution monitoring is essential to avoid exposure to dust particles and harmful 
gases and minimize its impact on the surrounding environment. The paper presents an effective Air 
Quality Monitoring System (AQMS) to evaluate temperature, humidity and concentration of gasses 
like Carbon Dioxide (CO2), Carbon Monoxide (CO) respectively. It consists of Microcontroller 
(NodeMCU ESP32), Temperature and humidity sensor (DHT-11), Carbon Dioxide sensor (MQ-135), 
and Carbon Monoxide (MQ-7). Sensors fetch the environmental data and transmit to the 
Microcontroller (NodeMCU). The microcontroller generates alert for breach in normal concentration 
of environmental parameters. Moreover, the system is capable to open doors and windows through 
the servo motor. The model is capable to send information through a wireless link to blynk 
application. The Test-Driven Development Methodology for Internet of Things-based Systems 
(TDDMIoTS) and the technologies used to automate the creation of Internet of Things systems have 
simplified the monitoring mechanism. This system is easy to install in houses, industries and 
vehicles for protection of humans working as well as living in indoor and outdoor places. 
 
Keywords: Internet of Things; CO; CO2; Air Quality; Pollution; Temperature; Humidity; 
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________________________________________________________________________________________________________ 
1. Introduction 

The Internet of Things (IoT) is defined as a network of physical items equipped with sensors, software, 
and technologies that enable connectivity and sharing through the internet. The sustainable development 
goals presented by the United Nations in 2015 focused on the achievement of health and well being [1]. A 
significant role has been played by the internet of things and cloud computing in making life easier and 
healthier for humans. There are diverse aspects related to the internet of things that prove useful to 
humans, such as monitoring patient care, smart cities, food supply chains, transportation, agriculture, and 
geriatric care, all attributed to the internet of things. The most prominent application of the internet of 
things is the monitoring and management of water and environmental contamination, as it has been 
utilized to reduce pollution levels [2]. Sustainable Development Goal 3 focuses on the reduction of air 
pollution, which kills about 7 million people every year, of whom 1.7 million are children. The figures 
illustrate the significant exposure of humans to the dangerous fine particles as a major threat to their 
survival [3]. 

The determination of air pollution has been carried out by the amount of dangerous gases in the 
atmosphere, such as ammonia (NH3), nitrogen dioxide (NO2), sulfur dioxide (SO2), benzene (C6H6), and 
airborne particulate matter (PM). In different settings, fossil fuels are used, such as in autos, refineries, 
thermoelectric power plants, industries, and even domestic appliances like water and electric heaters. The 
consumption of fossil fuels in these activities resulted in the production of the above stated gases. These 
gases in sufficiently high quantities resulted in harm to humans and even death [4]. 
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Carbon monoxide is considered one of the most dangerous gases because it is odorless and colorless 
and does not even irritate the eyes. It is considered a silent killer and most of the individuals fell prey to 
death by it, especially in areas where the temperature is low and heaters are utilized by people, such as in 
Argentina and Ecuador [5]. The main source of carbon dioxide is the transport sector, which is powered 
by fossil fuels and will account for a major portion of sales in 2021. The increase in pollution by transport 
vehicles is continuously increasing as there is an increase in private service cars, which have an endless 
lifespan, like in Ecuador. On the other hand, compared to the public sector vehicle, the average lifetime is 
15 years or more [6]. 

The challenges faced by pollutants have become more severe at higher altitudes where the oxygen 
level is low. Researchers forecast the level of pollution in relation to the number of deaths at the global 
level by using different sensors, visual perception, and algorithms. These forecasts have been carried out 
based on the indices revised by the World Health Organization for air quality, as it has been considered a 
fundamental human right. 

In the current research, poisoning from carbon monoxide and carbon dioxide prevention using the 
internet of things based systems have been presented. The monitoring system for the detection and 
mitigation of pollution from the environment and fields is the Air Quality Monitoring System (AQMS) 
[7,8]. The basic purpose of this system is to offer a reasonable solution for pollution, as discussed above. 
The system can also serve as a verification tool because of the innovative method of IoTS development 
implementation [9]. The main objectives of this paper are; 
• To detect and alert users to potential environmental hazards, emphasizing air quality fluctuations and 

elevated carbon monoxide concentrations. 
• To enable remote monitoring and reporting capabilities to facilitate immediate response, data analysis, 

and decision-making for authorities and individuals. 
• To implement predictive analytics to forecast air quality trends and identify patterns, enabling 

proactive measures to mitigate pollution risks.2. Materials and Methods 
"World's Air Pollution: Real-time Air Quality Index” illustrates the pollution index in major cities of 

the world to increase awareness among people regarding the impact of air pollution [10]. New suggestions 
by the World Health Organization have also been presented for the reduction of air pollution such as 
reducing the particulate matter of 2.5 micrometers or larger, as it is the reason behind several respiratory 
diseases in humans [11] [23]. 

The toxicity of combustion gas has also been reduced by the physico-chemical process through which 
oxygen has been produced in vulnerable locations, particularly indoor locations like households and 
businesses [12]. Real-time monitoring of air quality has been provided by a mobile device known as an E-
nose. Different air factors are measured by the device, such as CO2, NO2, PM10, temperature, and 
humidity [13,14]. Low-cost sensors have been used, which provide alerts on the mobile application through 
the LCD. The Raspberry Pi has been connected to the internet through a wireless connection, which 
provides data for web applications. It is considered more expensive but it can increase the capability of the 
system [15] [25]. 

Another open multi-sensor platform, AirSensEUR, has been developed for monitoring pollution by 
the plug-and-play interoperable sensor node. It costs around $1000 but a variety of indicators are 
monitored by it, such as CO2 and PM2.5 [16,17]. The level of air pollution inside the building has been 
measured by iAir, which allows a manager to query about the unhealthiness level and also provides alerts 
through the smartphone app. However, there is no method available to educate building occupants about 
the pollution level in the environment [18,19]. 

There is no technique for improving the air quality, as all of the above systems only examine the air 
quality. Furthermore, there is no other way of communicating except through mobile apps so the end user 
is not warned by systems. In a crisis situation, email notification is found to be ineffective. The costs of the 
above stated method are high as well [20] [22]. 

 
2. Proposed System 

Real time quality report for both indoor and outdoor air has been provided by continuous gas 
concentration detection through AQMS. Reporting incorporated the historical data queries as the current 
gas measurement to provide a more effective evaluation. The concentration of CO is presented on LCD 
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screen through this system. There are different ways in which end users are warned about pollution levels, 
as illustrated in Table 1, which shows three levels of pollution in the air: 

Table 1. Air Quality Level 
Level Quality Concentration (ppm) Notifications (Light) Actions 

1 Good ≤500 Green No action 
Required 

2 Moderate (500, 750) Blue Low sound 
Produced 

3 Low (750 >) Red Notification on 
App 

Detection of gasses by AQMS is an IoTS that utilizes less energy and detects gasses that are produced 
from indoor, water heaters, and other gas-emitting devices. 

Figure 1. Air Quality Monitoring System Workflow 
The current project has been simplified and made easier by categorizing it in different sections. 

Hardware, databases, mobile applications, graphical user interfaces, and internet of things are deployed 
to balance themes [24] [27]. Verification has been carried out by the real time user for the functional and 
nonfunctional requirements for the creation of AQMS. 
2.1. Criteria of AQMS 

The following criteria for AQMS were decided upon: 
• Detection of dangerous gases, like carbon monoxide, and carbon dioxide, and also temperature and 

humidity. 
• The use of mobile app and buzzers for warning. 
• Opening of Windows by service motor in emergency case  
• Resulting in the identified gases being released into the surrounding environment or vented to the 

outside of the building or vehicle. 
2.2. Design of the Technological Layer 

Mobile applications is utilized for user interaction as they are at the top of the stack. Different 
components, such as sensors and microcontrollers, are included in the physical and preprocessing layers 
shown in figure 2. Monitoring the surrounding environment and regulating it have been carried out by 
this layer. The real time data has been displayed in mobile application. 

AQMS gadget is shown in Figure 3. It displays the device's physical layer design to detect air quality, 
inform user and monitor the air quality. Components of AQMS; 
• Arduino UNO board is installed to get MQ135, MQ7, and DHT-11 sensor data. 
• A buzzer is used for sound alerts. 
• LEDs for indication. 
• The Servo motor is used to open the windows in case of emergency. 
• DHT11 sensor to measure the temperature and humidity level. 
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• MQ135 sensor is used to detect CO2 and MQ7 is used to Detect CO. 

Figure 2. Air Quality Monitoring System Architecture 
 

 
Figure 3. Environment Air Quality Monitoring System 

In the first iteration of the AQMS development process, basic analysis and the design of the technology 
layer were completed. This method began with predetermined criteria already in place. Users participated 
actively in this step to ensure that the design of the system met their needs and expectations [21] [26]. 

MQ135, MQ7, sensors detect gases, and DTH-11 sensor measures the temperature and humidity, 
sending them to the mobile app using ESP8266. If the internet is unavailable, the system issues notifications 
and makes choices locally to maintain air quality. The Components used in this project are given below in 
Table 2. 

Table 2. Hardware components used in this project 
Requirements Components Function 
Data Acquisition NodeMCU 

ESP32 
Wi-Fi data connection and development 
board for sensor 
control. 

Open the Window Servo Motor Use to open and close the window 
Text Display LCD16x2 iC2 Used to display the real-time 

results on screen. 
CO detection MQ7 Detect the CO in PPM 
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CO2 detection MQ135 Detect the CO2 
Sound Notification Buzzer Produce the alert 
Converter ADS Increase the Analog Pins 

2.3. Hardware and Software Deployment 
The AQMS gadget is used in a room mock-up throughout the system's prototyping process. The servo 

motors were not powerful enough to open and close the window. In addition, the mobile app makes it 
possible to register the AQMS device (or devices) fx`x`xor real-time data monitoring and to receive 
notifications when gas levels are at unsafe levels for human health. It also makes it possible to carry out 
routine tasks such as registering as a user, logging in, reporting data captured, and viewing information 
about the system. 
 
3. Results 

AQMS records the concentrations of gases like CO2 968PPM, CO 594PPM, temperature 10.8 degrees 
cen- tigrade, and humidity level of 77.40%. The data is displayed on the LCD and Bylnk App. Figure 4 
displays the concentration level of CO and CO. 

Figure 4. CO2 and CO Concentration Level 

                   Figure 5. Humidity Level               Figure 6. Temperature 
Figure 5 shows the humidity level in percentage and Figure 6 shows the temperature in degrees centi 

grade. Blynk App is used to show the result on mobile. In Figure 7 (a) to log-in to the AQMS unique ID is 
re- quired and the user also creates its new ID (b) device connection setting menu allows the user to connect 
with the micro controller via wifi(c) real-time Data monitoring Bar shows actual results. It refreshes the 
results after the fixed interval. 

 
Figure 7. Mobile Application on Display (signup; device connection; Real time data) 
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4. Discussion 
AQMS has unique attributes that distinguish it from conventional air quality management systems. 

It is cost-effective, and capability to detect temperature, humidity, and concentration of CO, CO2, and 
energy efficiency. The assessment of the AQMS indicates that it may be liked by those who are likely to 
use it. Users perceived auditory and visual alerts in the room about the levels of toxic substances in the air 
to be more practical and efficient compared to receiving notifications on their mobile devices. Various 
modalities, including auditory, visual, and textual cues, are used to notify diverse users about alerts, since 
some individuals may possess special requirements. The form of the device should be altered to enable its 
manufacturing on a large-scale assembly line. There is a possibility that this kind of redesign might further 
reduce the final cost. 

There are very few Internet of Things development strategies that span all stages, and TDDM4IoTS is 
one such way. On the other hand, TDDM4IoTS defines environment analysis, whereas other systems leave 
it up to the developers. Being based on Test Driven Development (TDD) makes it possible for the final 
product to satisfy the requirements of the end-user and to undergo systematic code testing. 

Finally, TDDM4IoTS should be applied to more case studies by other developers to get more feedback 
and see if the methodology can be improved to better cover specific development scenarios. 
 
5. Conclusion 

The AQMS system is a low-cost and energy-efficient method of evaluating the quality of the air within 
a building, house, or vehicle. It generates alert for potentially hazardous environmental parameters. The 
indoor and outdoor monitoring is carried out by the proposed system as it has been tested several times 
for calculating the results of temperature, humidity and concentration of carbon monoxide and carbon di- 
oxide and successful throw out. It consists of an IoTs-based system capable of measuring the air quality 
and displays the notification on LCD and Mobile Applications. The real-time data monitoring is done 
through the mobile app. The proposed solution is around ten percent overall cost of the existing air quality 
monitoring systems that have equivalent features; however, these systems do not include all of the 
capabilities that IoT possesses. 

  



Journal of Computing & Biomedical Informatics                                           Volume 07  Issue 01                                                                                         

ID : 313-0701/2024  

References 
1. United Nations Sustainable Development Goals. Available online: https://www.undp.org/sustainable-

development-goals (accessed on 19 October 2022). 
2. Chataut, R., Phoummalayvane, A., & Akl, R. (2023). Unleashing the power of IoT: A comprehensive review of IoT 

applications and future prospects in healthcare, agriculture, smart homes, smart cities, and industry 4.0. Sensors, 
23(16), 7194. 

3. Zhao, L., Yang, Y., & Wu, Z. (2022). Review of Communication Technology in Indoor Air Quality Monitoring 
System and Challenges. Electronics, 11(18), 2926. 

4. 9Ezeonyejiaku, C. D., Okoye, C. O., Ezeonyejiaku, N. J., & Obiakor, M. O. (2022). Air quality in Nigerian urban 
environments: a comprehensive assessment of gaseous pollutants and particle concentrations. CURRENT 
APPLIED SCIENCE AND TECH- NOLOGY, 10-55003. 

5. Gazis, A., & Katsiri, E. (2021). Smart home IoT sensors: Principles and applications a review of low-cost and low-
power solu- tions. International Journal on Engineering Technologies and Informatics, 2(1), 19-23. 

6. Saini, J., Dutta, M., & Marques, G. (2020). Indoor air quality prediction systems for smart environments: A 
systematic review. Journal of Ambient Intelligence and Smart Environments, 12(5), 433-453. 

7. Ghoneim, M., & Hamed, S. M. (2019, April). Towards a smart sustainable city: Air pollution detection and control 
using in- ternet of things. In 2019 5th International Conference on Optimization and Applications (ICOA) (pp. 1-
6). IEEE. 

8. Truong, T. P., Nguyen, D. T., & Truong, P. V. (2021). Design and deployment of an IoT-based air quality moni- 
toring system. International Journal of Environmental Science and Development, 12(5), 139-145. 

9. Guerrero-Ulloa, G., Hornos, M. J., & Rodríguez-Domínguez, C. (2019, December). TDDM4IoTS: a test-driven 
development methodology for Internet of Things (IoT)-based systems. In International Conference on Applied 
Technologies (pp. 41-55). Cham: Springer International Publishing. 

10. Khan, M. A., Kim, H. C., & Park, H. (2022). Leveraging Machine Learning for Fault-Tolerant Air Pollutants 
Monitoring for a Smart City Design. Electronics, 11(19), 3122. 

11. Guo, M., Du, C., Li, B., Yao, R., Tang, Y., Jiang, Y., ... & Yu, W. (2021). Reducing particulates in indoor air can 
improve the cir- culation and cardiorespiratory health of old people: A randomized, double-blind crossover trial 
of air filtration. Science of The Total Environment, 798, 149248. 

12. Bommi, R. M., Monika, V., ArockiaKoncy, A. A., & Patra, C. (2019). A surveillance smart system for air pollution 
monitoring and management. In International Conference on Intelligent Data Communication Technologies and 
Internet of Things (ICICI) 2018 (pp. 1407-1418). Springer International Publishing. 

13. Taştan, M., & Gökozan, H. (2019). Real-time monitoring of indoor air quality with internet of things-based E-nose. 
Applied Sciences, 9(16), 3435. 

14. Hugosson, K., & Maesel, E. (2020). Air quality, indoor and outdoor. A study of connections between indoor and 
outdoor con- centrations: NO2, CO2, PM10 and PM2. 5. 

15. Irawan, Y., Wahyuni, R., Fonda, H., Hamzah, M. L., & Muzawi, R. (2021). Real Time System Monitoring and 
Analysis-Based Internet of Things (IoT) Technology in Measuring Outdoor Air Quality. International Journal of 
Interactive Mobile Technolo- gies, 15(10). 

16. Kotsev, A., Schade, S., Craglia, M., Gerboles, M., Spinelle, L., & Signorini, M. (2016). Next generation air quality 
platform: Openness and interoperability for the internet of things. Sensors, 16(3), 403 

17. Pichlhöfer, A., & Korjenic, A. (2022). Short-Term Field Evaluation of Low-Cost Sensors Operated by the 
“AirSensEUR” Plat- form. Energies, 15(15), 5688. 

18. Martins, H., Gupta, N., & Reis, M. J. C. S. (2020). A non-intrusive IoT-based real-time alert system for elderly people 
monitor- ing. In International Summit Smart City 360° (pp. 339-357). Cham: Springer International Publishing. 

19. Marques, G., & Pitarma, R. (2019). A cost-effective air quality supervision solution for enhanced living 
environments through the internet of things. Electronics, 8(2), 170. 

20. Zakaria, N. A., Abidin, Z. Z., Harum, N., Hau, L. C., Ali, N. S., & Jafar, F. A. (2018). Wireless internet of things-
based air quality device for smart pollution monitoring. International Journal of Advanced Computer Science and 
Applications, 9(11). 

21. Abbas, F., Iftikhar, A., Riaz, A., Humayon, M., & Khan, M. F. Use of Big Data in IoT-Enabled Robotics 
Manufacturing for Process Optimization. 



Journal of Computing & Biomedical Informatics                                           Volume 07  Issue 01                                                                                         

ID : 313-0701/2024  

22. Khan, M. I., Khan, Z. A., Imran, A., Khan, A. H., & Ahmed, S. (2022, May). Student Performance Prediction in 
Secondary School Education Using Machine Learning. In 2022 8th International Conference on Information 
Technology Trends (ITT) (pp. 94-101). IEEE. 

23. Khan, A. H., Malik, H., Khalil, W., Hussain, S. K., Anees, T., & Hussain, M. (2023). Spatial Correlation Module for 
Classification of Multi-Label Ocular Diseases Using Color Fundus Images. Computers, Materials & Continua, 76(1). 

24. Aqsa Ijaz, Ammar Ahmad Khan, Muhammad Arslan, Ashir Tanzil, Alina Javed, Muhammad Asad Ullah Khalid, 
& Shouzab Khan. (2024). Innovative Machine Learning Techniques for Malware Detection. Journal of Computing 
& Biomedical Informatics, 7(01), 403–424. 

25. Ammar Ahmad Khan , Muhammad Arslan , Ashir Tanzil , Rizwan Abid Bhatty , Muhammad Asad Ullah Khalid 
, Ali Haider Khan. (2024). Classification Of Colon Cancer Using Deep Learning Techniques On Histopathological 
Images. Migration Letters, 21(S11), 449–463 

26. Muhammad Kaleem , Muhammad Azhar Mushtaq , Uzair Jamil , Sadaqat Ali Ramay , Tahir Abbas Khan , Siraj 
Patel , Rizwan Zahidy , Sayyid Kamran Hussain. (2024). New Efficient Cryptographic Techniques For Cloud 
Computing Security. Migration Letters, 21(S11), 13–28. Retrieved from https://migrationletters.com 

27. Munir, A., Sumra, I. A., Naveed, R., & Javed, M. A. (2024). Techniques for Authentication and Defense Strategies 
to Mitigate IoT Security Risks. Journal of Computing & Biomedical Informatics, 7(01). 

 


