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Abstract: Air pollution has become one of the most critical environmental and public health 

challenges worldwide, particularly in rapidly urbanizing regions. Recent advances in mobile 

technologies and sensor systems have enabled new approaches for real-time, low-cost, and large-

scale air quality monitoring. This study reviews and analyzes recent innovations in air pollution 

detection based on mobile platforms and sensor technologies. Emphasis is placed on the integration 

of low-cost gas sensors, particulate matter sensors, Internet of Things (IoT) architectures, and mobile 

devices such as smartphones and portable monitoring units. The paper discusses data acquisition 

methods, sensor calibration challenges, wireless communication techniques, and the role of cloud-

based data processing and visualization. Furthermore, the potential of mobile sensing systems to 

enhance spatial coverage, increase public awareness, and support smart city and environmental 

management applications is evaluated. The findings indicate that mobile and sensor-based air quality 

monitoring systems provide a promising alternative to traditional stationary monitoring stations, 

despite existing limitations related to accuracy, sensor drift, and environmental influences. 
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Introduction 

Air pollution is a major environmental issue that poses significant risks to human health, 

ecosystems, and climate stability. According to the World Health Organization, exposure to polluted 

air contributes to millions of premature deaths annually, primarily due to respiratory and 

cardiovascular diseases. Rapid urbanization, industrial expansion, and increased transportation 

activities have intensified air quality degradation, particularly in developing and densely populated 

regions. Consequently, accurate and continuous air pollution monitoring has become essential for 

effective environmental management and policy-making. 

Traditional air quality monitoring systems rely mainly on fixed, high-precision monitoring 

stations. Although these stations provide reliable measurements, they are costly to install and maintain, 

require complex infrastructure, and offer limited spatial coverage. As a result, they are often 

insufficient for capturing fine-grained variations in air pollutant concentrations within urban 

environments. This limitation has motivated researchers to explore alternative monitoring approaches 

that are scalable, cost-effective, and capable of providing real-time data. 

Recent advancements in mobile technologies and sensor systems have introduced new 

possibilities for air pollution detection and monitoring. Low-cost gas sensors, particulate matter 

sensors, and microelectromechanical systems (MEMS) can now be integrated into mobile platforms 

such as smartphones, wearable devices, unmanned aerial vehicles, and portable monitoring units. 

Combined with wireless communication technologies and Internet of Things (IoT) architectures, 

these systems enable continuous, real-time air quality data collection across wide geographic areas. 
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Moreover, the integration of mobile sensing technologies with cloud computing and data 

analytics platforms allows for efficient data storage, processing, and visualization. Such systems 

support advanced applications including smart city management, environmental risk assessment, and 

public health awareness. Citizens can also participate in air quality monitoring through mobile 

applications, promoting participatory sensing and community-driven environmental monitoring [1-

3]. 

Despite their advantages, mobile and sensor-based air pollution monitoring systems face 

several challenges, including sensor accuracy, calibration requirements, environmental sensitivity, 

and long-term reliability. Addressing these issues is crucial to ensure data quality and practical 

applicability. Therefore, this paper aims to analyze recent innovations in mobile technologies and 

sensor-based air pollution detection, highlighting their capabilities, limitations, and future research 

directions. 

Methods 

This study employs a systematic analytical methodology to investigate recent advancements in 

air pollution detection using mobile technologies and sensor-based systems. The research approach 

is based on a comprehensive review and comparative analysis of existing scientific literature, 

focusing on system design, sensor performance, and data management strategies. 

Relevant studies were identified through searches in major scientific databases, including 

Scopus, Web of Science, IEEE Xplore, and Google Scholar. The search process targeted peer-

reviewed journal articles and conference papers published predominantly within the last ten years. 

Keywords related to air pollution monitoring, mobile sensing technologies, low-cost environmental 

sensors, Internet of Things architectures, and smart city applications were used to retrieve suitable 

publications. Selected studies were evaluated based on their relevance to mobile and sensor-based air 

quality monitoring, clarity of methodology, and contribution to technological innovation [4]. 

The reviewed monitoring systems were analyzed according to their mobile platforms and sensor 

configurations. Mobile platforms included smartphone-integrated systems, wearable and portable 

monitoring devices, and unmanned aerial vehicles. Sensor technologies were categorized into gas 

sensors and particulate matter sensors, with particular attention given to electrochemical, metal-oxide, 

and optical sensing principles. Systems enabling real-time data acquisition and wireless transmission 

were prioritized in the analysis. 

Data acquisition strategies were examined in terms of sampling rates, sensor response times, 

and power efficiency, which are critical factors for mobile deployment. Wireless communication 

methods such as Wi-Fi, Bluetooth, cellular networks, and low-power wide-area networks were 

considered for their suitability in continuous air quality monitoring. In addition, Internet of Things-

based architectures were analyzed for their role in facilitating device connectivity, remote monitoring, 

and scalable system integration [5]. 

Data processing and evaluation techniques reported in the literature were assessed, including 

sensor calibration methods, environmental compensation, and noise reduction approaches. Cloud-

based platforms and data analytics tools used for data storage, visualization, and interpretation were 

reviewed to determine their effectiveness in supporting real-time monitoring and informed decision-

making. Performance indicators such as accuracy, reliability, spatial coverage, and scalability were 

used to compare different mobile and sensor-based air pollution monitoring systems. 

The analysis of recent studies demonstrates that mobile technologies combined with sensor-

based systems significantly enhance the flexibility and spatial resolution of air pollution monitoring. 

Compared to conventional stationary monitoring stations, mobile systems enable data collection 

Volume 1 Special Issue 1 Academic Journal of Science, Technology and Education | ISSN 3041-7848

December 29, 2025 13



across diverse urban locations, capturing localized pollution variations that are often missed by fixed 

installations. 

The reviewed literature indicates that low-cost gas and particulate matter sensors integrated into 

mobile platforms are capable of providing near real-time air quality information. While these sensors 

generally exhibit lower absolute accuracy than reference-grade instruments, their performance is 

sufficient for trend analysis, spatial mapping, and exposure assessment when appropriate calibration 

and data processing techniques are applied [6]. 

Wireless communication and Internet of Things-based architectures were found to play a crucial 

role in system scalability and real-time data availability. Most systems successfully transmitted 

environmental data to cloud platforms, enabling visualization through web dashboards or mobile 

applications. This capability supports smart city applications and improves public access to air quality 

information. 

Table 1 summarizes the comparative characteristics of representative mobile and sensor-based 

air pollution monitoring approaches reported in recent studies. 

Table 1. 

Comparison of mobile and sensor-based air pollution monitoring systems 

Monitoring 

approach 

Platform 

type 

Sensor type Data 

transmission 

Key advantages Main limitations 

Stationary 

monitoring 

station 

Fixed Reference-grade 

analyzers 

Wired/ cellular High accuracy and 

reliability 

High cost, limited 

spatial coverage 

Smartphone-

based 

monitoring 

Mobile Low-cost gas and 

PM sensors 

Bluetooth/ 

cellular 

High mobility, user 

participation 

Sensor drift, 

calibration needs 

Portable 

monitoring 

units 

Mobile Electrochemical 

and optical 

sensors 

Wi-Fi/ cellular Flexible deployment, 

real-time data 

Moderate accuracy, 

battery constraints 

UAV-based 

monitoring 

Aerial 

mobile 

Gas and PM 

sensors 

Wireless link Vertical profiling, 

hard-to-reach areas 

Limited flight time, 

regulatory 

constraints 

IoT sensor 

networks 

Semi-mobile Low-cost 

distributed 

sensors 

LPWAN/ 

cellular 

Wide-area coverage, 

scalability 

Environmental 

sensitivity, 

maintenance 

Overall, the results suggest that mobile and sensor-based air quality monitoring systems offer 

a practical and scalable complement to traditional monitoring infrastructure. Although challenges 

related to sensor accuracy and long-term stability remain, ongoing technological improvements and 

advanced data processing techniques continue to enhance system performance and reliability. 

The results of this study highlight the growing potential of mobile technologies and sensor-

based systems in addressing the limitations of conventional air quality monitoring approaches. Unlike 

stationary monitoring stations, mobile sensing platforms provide enhanced spatial resolution, 

enabling the detection of localized pollution hotspots and temporal variations in urban environments. 

This capability is particularly valuable in densely populated areas, where air pollutant concentrations 

can vary significantly over short distances. 

The comparative analysis reveals that low-cost sensors, despite their lower accuracy compared 

to reference-grade instruments, are increasingly viable for large-scale environmental monitoring 

when combined with appropriate calibration and data processing techniques. Mobile platforms such 

as smartphones, portable monitoring units, and unmanned aerial vehicles extend monitoring coverage 
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and enable flexible deployment. These characteristics support applications in smart cities, exposure 

assessment, and citizen science initiatives. 

The integration of Internet of Things architectures further strengthens mobile air quality 

monitoring systems by enabling real-time data transmission, cloud-based processing, and 

visualization. As illustrated in Figure 1, sensor data collected by mobile platforms are transmitted 

wirelessly to cloud servers, where calibration, analysis, and visualization processes are performed. 

This architecture facilitates data-driven decision-making and public access to environmental 

information through web and mobile applications. 

However, several challenges remain. Sensor drift, environmental sensitivity to temperature and 

humidity, and limited long-term stability continue to affect measurement reliability. Battery life and 

communication constraints also limit continuous operation in fully mobile systems. These findings 

are consistent with previous studies, which emphasize the need for hybrid monitoring strategies that 

combine mobile sensing systems with stationary reference stations to improve data accuracy and 

validation. 

Overall, mobile and sensor-based air pollution monitoring systems should be viewed as a 

complementary solution rather than a complete replacement for traditional monitoring infrastructure. 

Future research should focus on advanced calibration algorithms, sensor fusion techniques, and 

artificial intelligence-based data correction methods to further enhance system performance and 

reliability [7]. 

 
Figure 1. Conceptual architecture of mobile and sensor-based air pollution monitoring 

Conclusion 

This study examined recent innovations in air pollution detection enabled by mobile 

technologies and sensor-based systems. The analysis demonstrates that the integration of low-cost 

environmental sensors with mobile platforms and Internet of Things architectures provides a flexible 

and scalable approach to air quality monitoring. Compared to traditional stationary monitoring 

stations, mobile systems offer improved spatial coverage and real-time data acquisition, which are 

essential for capturing localized pollution patterns in complex urban environments. 

The findings indicate that mobile and sensor-based monitoring solutions are particularly 

effective for applications such as smart city management, environmental exposure assessment, and 

public awareness enhancement. Although challenges related to sensor accuracy, calibration, 

environmental sensitivity, and long-term stability remain, ongoing advancements in sensor 
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technology, data processing algorithms, and cloud-based analytics continue to improve system 

performance and reliability. 

Overall, mobile air pollution monitoring systems should be considered a complementary 

solution rather than a replacement for conventional monitoring infrastructure. Future research should 

focus on hybrid monitoring frameworks, advanced calibration techniques, and artificial intelligence-

based data correction methods to further enhance data quality and support evidence-based 

environmental decision-making. 
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