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ABSTRACT 

Air pollution caused by fine dust is a major global issue and is particularly 
significant in Vietnam. Fine dust has a serious impact on human health. 
Despite this, air quality warnings and fine dust monitoring remain inadequate 
due to the limited number of monitoring stations, and access to information 
about fine dust is still not widespread. The traditional way of using fixed 
sensors cannot effectively provide accurate, localized data since the closest 
sensors can be miles away. This paper proposes a mobile fine dust 
measurement and data analysis system using IoT technology with the MQTT 
protocol and GPS for location tracking. Installed on personal vehicles, the 
system includes a low-cost device to measure fine dust and a smartphone 
application to display air pollution information. By leveraging an efficient data 
model, users can access fine dust statistics on a smartphone map and take 
timely action to protect their health. 
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1. INTRODUCTION 

Nowadays, humans face several pollution problems, 
such as light pollution, water pollution, and noise 
pollution. Air pollution is also one of the most important 
things we need to control. According to the World Health 
Organization (WHO), more than 92% of the global 
population lives in areas where air pollution exceeds safe 
levels. In America, urban emissions constitute 52% of 
total emissions by weight, yet they account for nearly 
three-quarters of the GAD [10]. Moreover, air pollution 
can enhance T helper lymphocyte type 2 (Th2) and T 
helper lymphocyte type 17 (Th17) adaptive immune 

responses, as seen in allergy and asthma, and dysregulate 
antiviral immune responses. In Vietnam, approximately 
60,000 deaths each year are related to air pollution [14]. 
As a result, the demand for a system that can measure the 
amount of dust in the air becomes a significant thing that 
helps the government and civilization to find ways to 
reduce the effects of air pollution. However, the situation 
shows that the current monitoring network is insufficient, 
relying mostly on stationary stations, leading to data 
uncertainty. This leads to implementing technological 
solutions for monitoring, analyzing, and disseminating air 
quality information to the public as a top priority. 

Identifying the causes of dust pollution is crucial for 
accurate measurement. The main sources of fine dust 
that frequently affect air quality in urban areas include 
traffic dust, suspended soil dust, fly ash from honeycomb 
charcoal stoves and biomass burning, and dust 
originating from waste. Besides, the amount of dust that 
belongs to the polluted areas in neighboring countries 
also contributes to the increase in the dust level of Ha Noi 
through air masses. It leads to bad effects on the weather 
in the north. However, the dominant source of emissions 
comes from more than 7 million vehicles, most of which 
are motorbikes. 

Amidst the rapid advancements of Industry 4.0, the 
Internet of Things (IoT) has emerged as a leading 
technological solution for air quality monitoring, data 
analysis, and public communication. IoT refers to a 
network of devices that can collect and exchange data. 
These connected devices include embedded systems, 
sensors, and network connectivity, allowing them to 
interact with other IoT devices. IoT has been employed in 
various sectors. For example, in medicine, telemedicine 
uses computers, communication networks, medical 
technology, and equipment so that the patient and 
experts, medical experts, and grassroots medical men can 
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consult the patient's condition face to face. However, 
they are in different places [2]. Besides, IoT also helps to 
optimize the greenhouse environment and resource 
management [3]. Moreover, IoT is a promising 
technology in sustainable supply chain management 
that could significantly change homes and industries. 
Connected devices will be data-driven, reacting quickly 
to information and providing valuable feedback. This 
technology will promote personal independence and 
energy conservation while minimizing waste [4]. In more 
detail, air quality monitoring has become a focal point for 
many research projects and community-based initiatives, 
as poor air quality is a major concern for cities worldwide. 
Prolonged exposure to poor air quality poses significant 
health risks to urban populations. Several studies have 
explored air pollution treatment, monitoring, and 
forecasting systems to address this issue. In Russia, 
researchers have developed an exhaust gas treatment 
system for mobile and portable asphalt concrete plants 
[5]. In another way, Korean researchers developed a 
smartphone application to provide air pollution 
information, which helps users check the fine dust 
statistics map and cope with fine dust accordingly [6]. 
Moreover, the combination of Australia's and France’s 
researchers showed that humidity and noise are the most 
important factors influencing the prediction of nitrogen 
dioxide concentrations of mobile stations by using 
machine learning modeling [7]. Moreover, another 
research focuses on modeling the air quality pattern in a 
given region by adopting fixed and moving IoT sensors 
placed on vehicles patrolling around the region [8]. 
Furthermore, other researchers increase the ability of 
data collection on air pollution by using GPS-enabled 
personal exposure monitors to collect personal exposure 
readings. Another article presents an experimental study 
on real-time air pollution monitoring using wireless 
sensors on public transport vehicles [9]. 

This paper aims to develop a mobile device capable of 
collecting fine particulate matter, temperature, and 
humidity data, analyzing and sending real-time 
information to users. In this paper, we describe the 
operational characteristics of the device and present an 
algorithm for analyzing and predicting pollution levels 
based on the collected data. The final goal is to propose a 
viable solution to improve the quality of the environment 
and promote healthier living conditions. 

2. METHODOLOGY 

This section details the development process of a 
mobile fine dust measurement. The crucial idea for this 

dust measurement system is portability and attaching to 
transport vehicles. 

2.1. System Architecture 

The bottom is Data Collection Layer utilizing IoT 
technologies with sensors and ESP8266, a 
microprocessor, is able to transmit sensing data through 
the Internet using MQTT protocol to the central Server. 

 
Figure 1. System Architecture 

The Center Layer stores sensing and location data in a 
local database on Raspberry Pi as the central server. A 
local database will ensure data conversion to ensure the 
system does not lose any data if the system has network 
issues. Additionally, this central server will process data to 
clean, filter, analyze, and predict pollution levels, then 
upload the results to a cloud server in real-time. The User 
Interface Layer will use RestAPI to retrieve data from the 
Cloud and visualize this data on a map application. Users 
can see forecast pollution levels on various roads. 

2.2. Hardware Design 

A portable box has been developed to integrate key 
components for real-time monitoring and data transfer, 
ensuring efficient measurement of fine dust on transport 
vehicles. It features a micro dust sensor that measures 
PM2.5 and PM10 (0 - 999.9µg/m³), providing essential air 
quality data. A Raspberry Pi 3B+ is a CPU, connected to 
LTE via a USB WiFi modem for cloud data transmission 
and local storage. An ESP8266 manages communication, 
while an attached GPS module logs location data, 
enabling precise tracking of dust levels. Powered by a 
15,000mAh 18650 battery pack, the system runs for about 
7.5 hours on a full charge, making it ideal for extended 
field use. The box design protects against environmental 
factors and makes the system simple to install and move 
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on many vehicles. Additionally, it provides easy access to 
components for maintenance and recharging, making 
the device both functional and portable. 

2.3. Software Development 

The mobile fine dust measurement system consists of 
three core components: data transmission, management, 
and display. It employs M2M communication [12] with 
MQTT for real-time, efficient data transmission, cloud 
computing for scalable data storage and processing, and 
a mobile app for user-friendly interaction. MQTT's 
lightweight design and publish-subscribe model make it 
ideal for IoT, with a Raspberry Pi running Mosquitto 
Broker to manage data streams securely and efficiently. 
Data from sensors and GPS modules is stored and 
processed using Google Cloud, ensuring scalability, real-
time analysis, and accurate pollution level reports. The 
mobile app integrates Google Maps to display fine dust 
data on an interactive map, letting users track pollution 
levels across locations in real-time with ease. 

2.4. Data Collection and Handling 

The box will deploy on vehicles to let them carry it 
across routes to measure PM2.5 dust. Figure 2 indicates 
the process of delivering data from the mobile module to 
the server to handle and visualize to users. 

Figure 2. Data Collecting 

Sensor data will be organized in JSON data format to 
pack into a message, then published to the topic on 
MQTT Broker. The Raspberry Pi is the MQTT Broker and a 
subscriber to achieve that message. The message will be 
unpacked, converted to CSV files, and stored in Google 
Cloud. The Analyzing Server can fetch data from the 
Cloud using Google Drive APIs to handle data. In mobile 
measurement applications, data loss can significantly 
undermine the accuracy and continuity essential for 
effective monitoring and analysis [13]. Missing data 
distorts trend analysis and predictive models, limiting the 
capacity to make timely decisions based on current 
conditions. The system will simultaneously store data in 

local storage and the cloud to address these concerns. 
Combining cloud-based storage with local backups [14] 
improves data resilience by synchronization, which 
protects against data loss caused by device faults or 
network issues. 

2.5. Model Prediction 

PM2.5 data is collected over time and processed into 
a time series, then normalized to suit deep learning 
models. The model uses an LSTM recurrent neural 
network, which can capture sequential relationships, to 
learn and forecast PM2.5 values based on past data. The 
training process uses overlapping sequences to predict 
the next time step, helping the model detect trends or 
fluctuations over time. After training, test data is 
normalized and fed into the model to generate forecasts, 
which are then converted back to original values for 
comparison with actual data. Accuracy is evaluated using 
root mean square error, while results are visualized on 
plots to clearly show how well predictions match real 
values, supporting monitoring and decision-making 
regarding air quality. 

3. IMPLEMENTATION AND RESULTS 

3.1. Deployment 

The deployment process consisted of two phases: 
initialization and actual deployment. 
During the initialization phase, the 
box was powered on, and the Google 
Cloud interface was used to verify 
that the system was running 
smoothly with no issues in data 
collection. Once everything was 
confirmed to be functioning properly, 
we moved on to installing the system 
on the vehicle. 

3.2. Result 

Table 1. Percentile Distribution of Fine Dust Values 

Metric Value 

25th Percentile (Q1) The lowest value of 25% of the measured samples 
is 60µg/m³. 

50th Percentile (Q2) The median value is 84µg/m³. 

75th Percentile (Q3) The highest value of 75% of the measured samples 
is 112µg/m³. 

The data analysis results show that the average value 
of the measured fine dust is 91.77µg/m³ (the average of 
all measurements). The median, representing the 
distribution's middle value, is 84µg/m³, indicating that 
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most of the data is concentrated around this level. The 
standard deviation is calculated as 44.76µg/m³, reflecting 
the moderate fluctuations of the measured data. The 
distribution of fine dust values is also analyzed through 
percentiles (Table 1). 

Figure 3 illustrates the change in the PM2.5 index. 
First, it can be seen clearly that the amount of PM2.5 is 
high from 10am to 9pm. During this time, this figure is 
higher than the standard recommended by WHO 
(50µg/m³). Besides, this figure reaches its peak at 10am. 
The air quality is good after 11pm, below 50µg/m³. And 
the state of the air becomes worse after 6am. In Ha Noi, 
from 6am to 9pm, this is the time when work and study 
activities take place. This leads to a large amount of traffic, 
causing emissions to become unusually high. In addition, 
around 10am, it is time for Hanoians to have lunch, 
combined with the hot and dry weather at noon and the 
habit of having lunch at restaurants. This leads to large 
emissions of dust not only from vehicles but also from 
restaurants. People rest from 5pm to 8pm after a long 
workday. The need to go out and move around currently 
increases, leading to increased dust emissions. 

 
Figure 3. Dust per Hour 

 
Figure 4. Growth rate of fine dust over time 

Figure 4 shows the growth rate of fine dust, and we 
can see that the rate of fine dust increases significantly at 

6am. During this time, most Hanoians started their daily 
activities, leading to increased travel demand and the use 
of motorbikes as the main means of transportation. This 
leads to the highest fine dust concentration currently. 
Additionally, the remaining periods exhibit a similar trend 
to that shown in Figure 3. 

 
Figure 5. GPS detection 

The integration of GPS technology into the mobile air 
quality monitoring device has enabled precise location-
based particulate matter measurements, fundamentally 
transforming how air pollution data is collected and 
analyzed (Figure 5). By continuously tracking the device's 
geographical coordinates while simultaneously 
recording PM2.5 concentrations, the system creates a 
comprehensive spatial-temporal dataset that captures 
the dynamic nature of air quality across different urban 
environments. 

 
Figure 6. Prediction Model for PM2.5 

Figure 6 presents the PM2.5 prediction results, where 
the training data exhibits numerous high peaks and 
significant fluctuations, whereas the validation data 
remains at lower and more stable levels. The prediction 
curve remains relatively close to the validation curve, 
exhibiting small oscillations that closely follow the 
pattern of the actual data. However, at the beginning of 
the validation period, the prediction curve rises higher 
than the actual values, possibly due to the influence of 
large values in the training set. Additionally, the training 
and validation datasets still exhibit differences in 
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fluctuation amplitude and average value levels. Due to 
the limited scope of data collection and the absence of 
diverse factors such as seasonal variations, 
meteorological conditions, and different environmental 
contexts, future research will focus on expanding the 
dataset to include a broader range of variables. 

4. CONCLUSION 

This study developed a mobile fine dust measurement 
system using Internet of Things (IoT) technology and GPS 
tracking to address air pollution in urban Vietnam, 
particularly in Hanoi. The system's portable and 
adaptable design allows for the deployment of various 
vehicles, improving the accuracy and coverage of fine 
dust monitoring. The results demonstrate that the system 
effectively collects real-time data on particulate matter 
(PM2.5 and PM10), temperature, and humidity, even in 
areas lacking fixed monitoring stations. Data analysis 
revealed that most measurements exceeded the World 
Health Organization’s safe air quality thresholds, 
emphasizing the urgent need for effective air quality 
management. The system empowers users to make 
informed health decisions by providing localized air 
quality information. The integration of cloud computing 
facilitates efficient data storage and processing. Overall, 
this research contributes to innovative air quality 
monitoring solutions and underscores the importance of 
real-time data in combating pollution. Future work will 
focus on enhancing the system's capabilities and 
expanding its use to improve public health outcomes. 

 

 

REFERENCES 

[1]. World Health Organization. Air Pollution in Vietnam. 2024. 

[2]. Dongxin Lu, Tao Liu, “The Application of IoT in Medical System,” in 
2011 IEEE International Symposium on IT in Medicine and Education, 
Cuangzhou, 272-275, 2011. 

[3]. C. Maraveas, D. Piromalis, K.G. Arvanitis, T. Bartzanas, D. Loukatos, 
“Applications of IoT for optimized greenhouse environment and resources 
management,” Computers and Electronics in Agriculture, 198, 2022. 

[4]. Yasser Khan, Mazliham Bin Mohd Suud, et al., “Application of Internet 
of Things (IoT) in Sustainable Supply Chain Management,” Sustainability, 15, 
2023. 

[5]. P A Sidyakin, L I Khorzova, D P Borovkov, et al., “Development and 
justification of the treatment system layout scheme for dust emissions from 
mobile and portable asphalt concrete plants,” IOP Conference Series Materials 
Science and Engineering, 537(6), 2019. 

[6]. SangWook Han, JungYeon Seo, Dae-Young Kim, SeokHoon Kim, 
HwaMin Lee, “Development of Cloud Based Air Pollution Information System 
Using Visualization,” Computers, Materials & Continua, 59(3), 697-711, 2019. 

[7]. Adriana Simona Mihait, Laurent Dupont, Olivier Chery, Mauricio 
Camargo, Chen Cai, “Evaluating air quality by combining stationary, smart 
mobile pollution monitoring and data-driven modelling,” Journal of Cleaner 
Production, 221, 398-418, 2019. 

[8]. Dan Zhang, Andsimon S. Woo, “Real Time Localized Air Quality 
Monitoring and Prediction Through Mobile and Fixed IoT Sensing Network,” 
IEEE Access, 8, 89584-89594, 2020. 

[9]. Sami Kaivonen, Edith C. H. Ngai, “Real-time air pollution monitoring 
with sensors on city bus,” Digital Communications and Networks, 6, 1, 23-30, 
2020. 

[10]. Adaptive Immune System - An overview. ScienceDirect Topics, 2018. 

[11]. Amodu O.A., Othman M., “Machine-to-Machine Communication: An 
Overview of Opportunities,” Computer Networks, 255-276, 2018. 

[12]. Bobulski J., Szymoniak S., Pasternak K., “An IoT System for Air 
Pollution Monitoring with Safe Data Transmission,” Sensors, 445, 2024. 

[13]. McLester E., Piel A.K., Mobile data collection apps. Oxford University 
Press eBooks, 177–200, 2021.  

[14]. World Health Organization, Health impacts. 2024.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


