A Review on: TinyML for Air Quality Monitoring: Bridging the Gap Between Low-Cost Sensors and Predictive Modeling
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Abstract – Air quality monitoring and purification have emerged as critical areas of research due to the escalating levels of air pollution and its detrimental effects on human health and the environment. This review paper synthesizes findings from 20 studies on smart air purifiers, air quality monitoring systems, IoT- based solutions, and machine learning applications, with a particular focus on the integration of TinyML models and linear regression techniques for predictive analysis. The reviewed papers span a range of technologies, including IoT, low-cost sensors, machine learning, and e-commerce integrated systems, highlighting advancements in real-time data collection, predictive modeling, and scalable solutions. TinyML, with its ability to run machine learning models on low- power devices, has shown significant potential in reducing costs and enabling real-time air quality monitoring. However, challenges such as data quality, scalability, and integration with larger IoT networks remain. Linear regression techniques, when combined with TinyML, offer a promising approach for accurate air quality prediction, particularly in resource- constrained environments. This paper identifies gaps in current research, such as the need for improved sensor calibration, real-time processing, and user-friendly interfaces, and proposes future directions, including the integration of TinyML with linear regression for enhanced predictive capabilities. By addressing these challenges, the integration of TinyML and linear regression can pave the way for more efficient, scalable, and accessible air quality monitoring and purification systems, ultimately contributing to better air quality management and public health outcomes.
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INTRODUCTION
Air pollution is a global concern that affects millions of people worldwide, leading to respiratory diseases, cardiovascular problems, and even premature death. With rapid urbanization and industrialization, the need for effective air quality monitoring and purification systems has become more pressing. Recent advancements in technology have enabled the development of smart air purifiers and air quality monitoring systems that leverage IoT, machine learning, and low-cost sensors to provide real-time data and improve air quality management.
This review paper aims to explore the current state of research in air quality monitoring and purification by analyzing 20 studies published in recent years. The papers reviewed cover a wide range of topics, including IoT- based air quality monitoring systems, TinyML models for low-cost devices, e-commerce integrated air quality prediction models, and data quality assessment in IoT systems. The review will also identify the technologies used in these studies, the gaps in current research, and the potential future directions for improving air quality management systems.
LITERATURE REVIEW
The literature on air quality monitoring and purification has seen significant advancements in recent years, driven by the increasing need to address air pollution and its
adverse effects on health and the environment. One notable study, "Smart Air Purifier with Air Quality Monitoring System," published on ResearchGate in 2020, explores the integration of IoT and air quality sensors to create a smart air purifier. The system collects real-time data and adjusts the purifier's operation accordingly. However, the study lacks predictive capabilities and scalability for larger urban deployments, which could be addressed by integrating machine learning algorithms and expanding the system's capacity for widespread use.[1]
Another comprehensive review, "Air Quality Monitoring and Purification Devices: A Review," published in IJIRCST in 2020, provides an overview of existing technologies in the field. The paper highlights the importance of improving data quality and integrating AI for predictive maintenance. While the review is thorough, it does not delve deeply into the challenges of data accuracy or the potential of AI-driven predictive models, which could be a focus for future research.[2]
In 2023, Gardner et al. published a study titled "TinyML Models for Low-Cost Air Quality Monitoring Devices" through Warwick University. This research explores the use of TinyML models to reduce the cost of air quality monitoring devices. The study demonstrates the potential of TinyML in making air quality monitoring more affordable but identifies the need for real-time processing and integration with larger IoT networks. Future work could focus on optimizing TinyML models for real-time applications and ensuring seamless integration with existing IoT infrastructures.[3]
A 2023 paper titled "Air Quality Prediction and Purifier Recommendation with E-commerce Integration," published on ResearchGate, proposes a system that combines machine learning, IoT, and e-commerce platforms to predict air quality and recommend purifiers. While the study shows promise, it lacks detailed analysis of data accuracy and user experience. Future research could focus on improving the system's predictive accuracy and developing user-friendly interfaces to enhance accessibility.[4]
The issue of data quality in IoT-based air quality monitoring systems is addressed in a 2023 systematic mapping study published on ResearchGate, titled "Data Quality in IoT-Based Air Quality Monitoring Systems: A Systematic Mapping Study." The study identifies the need for standardized data quality metrics and AI-based data validation techniques. This research highlights the importance of ensuring data reliability in IoT systems,
which is critical for accurate air quality monitoring and decision-making.[5]
In 2021, another systematic mapping study, "IoT-Based Air Quality Monitoring Systems for Smart Cities," also published on ResearchGate, reviews the application of IoT in smart cities. The study emphasizes the potential of IoT for urban air quality monitoring but points out the need for scalability and integration with urban planning tools. Future research could explore how IoT systems can be scaled to cover larger areas and integrated with city planning frameworks to optimize air quality management.[6]
The use of low-cost sensors for air quality monitoring is reviewed in a 2020 paper published in MDPI, titled "Air Quality Monitoring Using Low-Cost Sensors: A Review." The study highlights the affordability of low-cost sensors but identifies challenges related to accuracy and reliability. Future work could focus on improving sensor calibration techniques and integrating AI for better data analysis, ensuring that low-cost sensors can provide accurate and reliable data.[7]
A 2023 study published in Springer, titled "Air Quality Monitoring and Prediction Using Machine Learning," explores the application of machine learning for air quality prediction. While the study demonstrates the potential of machine learning, it lacks real-time prediction capabilities and integration with smart home systems. Future research could focus on developing real-time prediction models and integrating them with smart home technologies to provide actionable insights for users.[8]
In 2022, a paper titled "A Review of Air Quality Monitoring Technologies for Urban Environments," published in IJEECS, examines the use of IoT and machine learning for urban air quality monitoring. The study emphasizes the need for integration with traffic management systems and real-time data visualization tools. Future research could explore how air quality monitoring systems can be integrated with traffic management to reduce pollution in urban areas.[9]
The challenges and opportunities of using low-cost air quality sensors are discussed in a 2022 paper published in IRJET, titled "Low-Cost Air Quality Sensors: Challenges and Opportunities." The study highlights the need for better calibration techniques and long-term reliability. Future work could focus on developing robust calibration methods and ensuring the long-term performance of low- cost sensors.[10]
A 2022 study published in IJSRP, titled "Smart Air Quality Monitoring System Using IoT and Cloud Computing," presents a system that leverages IoT and cloud computing for air quality monitoring. The study identifies the need for edge computing to enable real-time processing and improve data security. Future research could explore the integration of edge computing and IoT to enhance the system's performance and security.[11]
The application of machine learning for air quality prediction is reviewed in a 2022 paper published in Springer, titled "Machine Learning for Air Quality Prediction: A Comprehensive Review." The study highlights the potential of integrating machine learning with IoT for real-time data processing. Future research could focus on developing machine learning models that can process real-time data and provide accurate predictions.[12]
In 2021, a study titled "IoT-Based Air Quality Monitoring in Industrial Areas," published on ResearchGate, explores the use of IoT for monitoring air quality in industrial settings. The study identifies the need for integration with industrial automation systems and predictive maintenance. Future research could focus on developing IoT systems that can be seamlessly integrated with industrial processes to improve air quality management.[13]
The use of drones for air quality monitoring is reviewed in a 2021 paper published in MDPI, titled "Air Quality Monitoring Using Drones: A Review." The study highlights the potential of drones for monitoring air quality in hard-to-reach areas but identifies the need for autonomous navigation and real-time data transmission. Future research could focus on developing autonomous drones and improving real-time data transmission capabilities.[14]
A 2021 study published in IJEECS, titled "A Comparative Study of Air Quality Monitoring Technologies," compares various air quality monitoring technologies. The study emphasizes the need for standardization and integration with smart city systems. Future research could focus on developing standardized protocols and integrating air quality monitoring systems with smart city infrastructures.[15]
The application of IoT for air quality monitoring in smart homes is explored in a 2020 paper published on ResearchGate, titled "Air Quality Monitoring in Smart Homes Using IoT." The study identifies the need for
integration with voice assistants and user-friendly interfaces. Future research could focus on developing IoT systems that can be easily controlled through voice commands and provide intuitive user interfaces.[16]
A 2020 review published in Springer, titled "A Review of Air Quality Prediction Models," focuses on the use of machine learning for air quality prediction. The study highlights the potential of integrating these models with IoT for real-time prediction. Future research could focus on developing real-time prediction models and integrating them with IoT systems.[17]
The use of wearable devices for air quality monitoring is explored in a 2020 paper published in MDPI, titled "Air Quality Monitoring Using Wearable Devices." The study identifies the need for long-term battery life and integration with health monitoring systems. Future research could focus on developing wearable devices with extended battery life and integrating them with health monitoring technologies.[18]
In 2020, a study titled "IoT-Based Air Quality Monitoring in Rural Areas," published on ResearchGate, discusses the use of IoT for monitoring air quality in rural settings. The study highlights the need for low-power solutions and integration with agricultural systems. Future research could focus on developing energy-efficient IoT systems and integrating them with agricultural processes.[19]
Finally, a 2020 review published in Springer, titled "A Review of Air Quality Monitoring in Developing Countries," examines the challenges of air quality monitoring in developing regions. The study emphasizes the need for affordable solutions and community engagement. Future research could focus on developing cost-effective monitoring systems and involving local communities in air quality management efforts.Add Literature review of the earlier papers in your work area here. Citations should be mentioned clearly.[20]
This literature survey provides a comprehensive overview of the current state of research in air quality monitoring and purification, highlighting the technologies used, the gaps in current research, and potential future directions. The integration of IoT, machine learning, and low-cost sensors has shown great promise, but further research is needed to address the challenges of data quality, scalability, and real-time processing.
CONCLUSION
The reviewed papers demonstrate significant advancements in air quality monitoring and purification technologies, particularly in the areas of IoT, machine learning, low-cost sensors, and smart city applications. However, several challenges remain, including data quality, real-time processing, scalability, and user accessibility. Future research should focus on addressing these gaps by developing more accurate sensors, improving data quality, integrating AI for predictive analysis, and ensuring affordability and accessibility for all communities. The integration of air quality monitoring systems with smart city infrastructure, industrial automation, and e-commerce platforms could provide more comprehensive solutions for air quality management.
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