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Abstract. Air pollution causes many diseases and is a major environmental threat, therefore, it
is essential to monitor and improve the air quality. With this work, we aim to assess atmospheric
pollution using drone-mounted air sensors, with specific applications in Vietnam. We aim to
measure Green-House Gas (GHG) emissions and other pollutants in urban and non-urban areas
of interest including, but not limited to landfills and airports, to evaluate the effects of pollution
on climate and health. The project will use a novel and creative approach to collect three-
dimensional atmospheric data using smart sensors mounted on Unmanned Aerial Vehicles
(UAVs). UAVs have been extensively applied in recent years, both in Vietnam and on a global
scale, to multiple fields and with different scopes. Surveying, crop monitoring, irrigation and
fertilization, surveillance and rescue support, and 2D and 3D mapping, are just a few examples
of how UAVs can be used for agriculture, archaeology, forestry, urban planning, and
architecture. In this project, we develop an integrated system of UAVs and smart sensors for air
quality monitoring. To develop mitigation and adaptation strategies for reducing the
environmental impact of transport, it is imperative to assess the emission sources and trends.
Therefore, we are developing a system able to collect comprehensive atmospheric data using
remote aerosol sampling, and chemical speciation. Furthermore, the potential of using smart
sensors on other flying devices is explored.

Keywords: Air pollution, air quality monitoring, Unmanned Aerial Vehicles.

1. Introduction
Air quality is a measure of how clean or polluted the air is. It can be affected by either natural or human
sources of pollution, leading to air pollution. Hence, many large cities around the world have been facing
air pollution problems due to mentioned reasons [1]. As a consequence, air pollution can have negative
impacts on human health, especially on the respiratory and cardiovascular systems.

According to the World Health Organization (WHO), along with climate change, air pollution is one
of the biggest environmental threats to human health. Specifically, a large part of the global population
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breathes air that exceeds WHO guideline limits and contains high levels of pollutants, especially in low
and medium-low-income countries [2].

In Vietnam, Hanoi and Ho Chi Minh City (HCMC) are the two most developed cities [3]. Their
urbanization and economic development, however, have resulted in various environmental and health
issues for locals. Air pollutants, mostly from transportation, in HCMC are often over the thresholds
imposed by the National technical regulation in ambient air quality (QCVN 05:2013/BTNMT) [2, 4].
Consequently, the risk to human health increased in correlation with these elevated pollutant
concentrations in the large cities in Vietnam [5].

Therefore, improving air quality is essential for protecting human health and well-being. Thus, this
project aims to assess the current condition of atmospheric pollution in specific areas of interest in
Vietnam. Although atmospheric pollution is monitored through land stations across cities and the
country, a more detailed and three-dimensional description of the atmospheric composition is missing.
Unmanned Aerial vehicles (UAV), also known as drones, can facilitate this task.

Employing UAV-mounted air sensors, the authors intend to carry out detailed sampling missions of
atmospheric air in areas of particular interest to urban development and aviation, such as landfills and
airports [6-9]. A deeper understanding of the sources and patterns of emissions of air pollutants can
improve our ability to manage atmospheric pollution and control the release of GHGs emissions and
other pollutants in Vietnam and other countries [10].

The expected findings will be important for policy and practice, and lead to the reduction of air
pollution resulting from GHG emissions, particularly CO, and CHs in the country. The research findings
might also help to improve the policies which will result in enormous improvements in environmental
quality and public health which will tackle climate change and reduce healthcare costs.

2. Health and environment related issues

Air quality can be affected by either natural or human sources of pollution, such as dust, smoke, fumes,
gases, mist, and vapors, leading to air pollution. In other words, non-point emissions from transportation,
along with burned biomass fuel for human demands, containing NOx, CHa4, micropollutants co-emitted
with CO,, and other greenhouse gases (GHGs), have contributed to the problem of air pollution [11-13].
Hence, many large cities around the world have been facing air pollution problems due to mentioned
reasons [1].

As a consequence, air pollution can have negative impacts on human health, especially on the
respiratory and cardiovascular systems. Exposure to air pollutants can cause irritation, inflammation,
oxidative stress, immunosuppression, and mutagenesis in cells and tissues, leading to diseases such as
chronic obstructive pulmonary disease, lung cancer, stroke, and ischemic heart disease. [14]. In fact,
NOx emissions change atmospheric ozone and CHs levels, two important GHGs, affecting local air
quality, human health, and also the Earth’s radiative balance [15]. In addition, Particulate Matter 2.5
(PM35), particles that less than 2.5 micrometers in diameter, has the ability to enter the human respiratory
system and enter the bloodstream to carry dangerous chemical compositions [16]. Also, SO, from the
combustion reaction can interact with other gases, generate sulfate, dissolve in water droplets to form
acid, and even coat PMs to form respirable particles, which can also penetrate human respiratory systems
[17-18].

According to the World Health Organization (WHO), along with climate change, air pollution is one
of the biggest environmental threats to human health. Specifically, a large part of the global population
breathes air that exceeds WHO guideline limits and contains high levels of pollutants, especially in low
and medium-low-income countries [2].

Nine out of ten people on the planet breathe air that has high levels of pollution, leading to around 7
million air pollution-related fatalities annually, 660,000 of which are in children. [19-20]. Furthermore,
regarding the estimation by the Mekong River Commission (2007), the percentage of deaths due to Lung
Cancer (LC), Cardio-pulmonary disease (CPD), and ischemic heart disease (IHD) caused by PM, s, NO»,
and SO, were very high with up to 16% (Figure 1). In Vietnam, lower respiratory infections accounted



International Conference on Sustainable Energy and Green Technology 2023 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1372 (2024) 012065 doi:10.1088/1755-1315/1372/1/012065

for 3.7% of all deaths during the 2007-2017 period, and they continued to rank ninth out of the top 10
causes of mortality for children [18].

18.00
16.00
14.00
12.00
10.00

8.00 73

% of deaths

483

1397
6.00 841

4.00
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0.00
LC CPD IHD All

Figure 1. Percentage of deaths due to LC, CPD, and IHD caused by PM» 5, NO,,
and SO, pollutants. The number on the bar represents the absolute number of
deaths due to these pollutants, for each category. The last bar on the right
represents the sum of all categories.

(Source: [3])

Hanoi and Ho Chi Minh City (HCMC) are the two most developed cities in Vietnam [3]. Their
urbanization and economic development, however, have resulted in various environmental and health
issues for locals. Air pollutants, mostly from transportation, in HCMC are often over the thresholds
imposed by the National technical regulation in ambient air quality (QCVN 05:2013/BTNMT) [2, 4].
According to the monitoring data from the Department of Natural Resources and Environment
(DONRE), 93.8% of the PM data recorded from the 19 traffic sites in HCMC in 2018 surpassed QCVN
05: 2013/BTNMT [14]. Furthermore, according to the municipal Department of Natural Resources and
Environment of HCMC, in 2022, PM;o were from 60 to 167 pg/nm? in the city by the end of the year,
exceeding the limit of 100 ug/nm3, while PM, s data (23 - 72 ug/nm?) outnumbered the threshold of 50
pg/nm?, causing smog and polluted air [21]. Additionally, the Air Quality Index (AQI) data depicted in
Figure 2a & 2b represent the impact of various pollutants on the health of HCMC residents, underscoring
the significance of this issue. While Figure 2a data is sourced from IQAir, Figure 2b data originates
from AQI IQAIr, headquartered in Switzerland, is committed to empowering individuals, organizations,
and governments to improve air quality through information dissemination and collaboration;
meanwhile, AQI, established by Purelogic Labs India Pvt Ltd, addresses the escalating global concern
of climate change. Both organizations employ monitoring systems that aggregate real-time and historical
data from sensors installed at government monitoring stations worldwide. Prior to publication, data
undergoes rigorous authentication procedures. In cases of irregular data, the systems automatically
cross-reference with neighboring monitoring stations to verify its accuracy. Furthermore, the sensors
are routinely calibrated to adjust for local environmental conditions, such as temperature and humidity,
and apply data correction algorithms accordingly [22]. Figure 2a indicates that Hanoi is ranked as
Unhealthy for Sensitive Groups (Orange), with an AQI of approximately 100—130, meaning that



International Conference on Sustainable Energy and Green Technology 2023 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1372 (2024) 012065 doi:10.1088/1755-1315/1372/1/012065

members of sensitive groups may experience health effects. In contrast, HCMC is ranked as Moderate
(Yellow), with an AQI of approximately 60, meaning that for a very small percentage of people who are
exceptionally sensitive to air pollution, there may be a moderate health concern; however, there’s a
discrepancy between the data from two different air quality data monitoring suppliers (Figures 2a and
2b). Consequently, the risk to human health increased in correlation with these elevated pollutant
concentrations in the large cities in Vietnam [5], and more than 90% of children in HCMC under the
age of five had some sort of respiratory condition [23].

The most polluted cities in
Vietnam

Real-time worst city rankings
Places City AQI-US

first Vinh, Vietnam
2 Quang Tri, Vietham
Thai Nguyen, Vietnam

Ranking the most polluted cities in 4 Vinh Yen. Vietnam

Vietnam

in real time Dong Hoi, Vietnam
Thanh Hoa, Vietnam

#  CTy.aTy uUs AQl

Bac Giang, Vietham

first Tay Ho, Hanoi Phu Ly, Vietnam

2 Hanoi , Hanol Tuyen Quang, Vietnam

3 Ho Chi Minh City , Ho Chi Minh
(a) 21:36, Dec 4(local time) (b)

Figure 2. Air quality in Vietnam Air quality index (AQI) and PM, s air pollution
in Vietnam (a) Air quality in Vietnam by IQAir, (b) Air quality in Vietnam by
AQI [24].

Hung Yen, Vietnam

(Source: [24-25])

As can be seen from the data of Figure 2, there’s a discrepancy between the data from two different
air quality data monitoring suppliers.

Therefore, improving air quality is essential for protecting human health and well-being. Currently,
air pollution is a big concern in many metropoles due to its adverse effect on human health. Many large
cities around the world have been facing air pollution problems since combustion engine transportation
remains one of the major contributors.

3. Methodologies and materials

3.1. General methodology

There are several approaches worldwide to identifying sources of air pollution in urban environments.
One of them is to conduct a full air emission inventory (EI) and the other is to estimate source
apportionment by chemical analysis for PM,s and PM [1].

Hence, this the project will create synergies between different entities developing dedicated
competencies related to environmental/climate changes and challenges. The project will benefit aircraft
operators in Vietnam by collecting data on GHG emissions, monitoring the transport, simulating the
impacts of new technologies on GHG emissions, and analyzing the sustainability of the expected
increase in air traffic in Vietnam.
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The project will adopt a novel and creative approach to collect atmospheric data using UAVs
equipped with smart sensors. This approach will enable efficient and accurate measurements of GHG
emissions and other pollutants at different locations and different altitudes, thus providing a three-
dimensional description of the atmospheric composition.

The approach will also allow for dynamic observation of the boundary layer, which is the shallowest
part of the troposphere that directly interacts with airborne emissions and where secondary pollutants
are formed and accumulated [26]. The boundary layer dynamics are crucial for understanding the
transport and transformation of pollutants in the atmosphere, as well as their effects on population
exposure and greenhouse phenomenology [27]. Therefore, the use of UAVs for atmospheric
measurements is highly desirable and innovative for this project.

The project will use an autonomous UAV platform to collect atmospheric data on GHG emissions
and other pollutants. The project will use statistical methods, numerical models, and simulation tools to
analyze the collected data, evaluate the emission scenarios, and estimate the environmental impacts of
human activities on air quality. The use of UAVs allows for a time- and space-varying observation of
the atmosphere.

The smart air sensors will be installed on the UAVs and carried over the inspection area domain,
collecting real-time data on pollutant concentrations. After calibration and validation of the sensors and
probes on board the UAV using standard methods and reference instruments, the system will be
deployed over the area of interest. By meticulously designing the flight plan of the UAV, it will be able
to determine patterns of the atmospheric flow, the pollutant emissions, and their evolution in time.

The majority of research outputs in the field of air quality management focused on mitigation
strategies, the central issue being the effectiveness and efficiency of measures to reduce the
environmental burden of transport [15, 28]. However, an efficient strategy in this sense, requires firstly
the assessment of emission fluxes from each emission source identified, a condition which requires a
priori investigations and research to evaluate the actual influence on the troposphere both for air quality
and climatic purposes.

More recently, policymakers have more or less accepted that certain climate changes cannot be
prevented and have therefore started to explore potential adaptation strategies. Evidently, adaptation and
mitigation strategies are interrelated, i.e. increasing adaptation opportunities implies decreasing urgency
to implement mitigation measures, and vice versa. The proposed research will give a new understanding
of the air pollution problem in Vietnam.

The expected findings will be important for policy and practice, and lead to the reduction of air
pollution resulting from GHG emissions, particularly CO, and CH4 in the country. The research findings
might also help to improve the policies which will result in enormous improvements in environmental
quality and public health which will tackle climate change and reduce healthcare costs.

The main advantage of this analysis is to help Vietnam establish: i) long-term strategies to have
sustainable (air) transport; and i7) interconnections with Industry 4.0, Digital Transformation, and Smart
Cities. This multitasking experimental approach is based on the integrated use of remote sensing, aerosol
sampling, and chemical speciation and aims at providing air quality data and, perhaps more importantly,
a reliable methodology and technique to collect comprehensive atmospheric information.

However, accurate sampling of small plumes emitted by combustion sources such as trucks, petrol
locomotives, ships and dredgers, and industrial and even domestic chimneys demands the appropriate
location of the air sensor intakes onboard the UAV. At low speeds or stationary flights, aerosol sampling
can only be effective if the location point of the air sensor intake is optimized, such that sampling of
gaseous and particulate matter pollutants is unaffected by the mixing induced by the propellers of the
UAV. The air is deflected by the action of the spinning propellers when producing lift. An accurate
analysis of the flow dynamics of the specific flow configuration of the system composed of the UAV
and the sensors is necessary to estimate the extent of the propeller-generated plume and ensure that the
sampling operation is not affected by it.
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3.2. Platform selection and trajectories planning

Although interest in the field of UAVs is primarily driven by military motives, recently civilian and
public domain applications have gained a lot of room, ranging from border security, and disaster
management to environmental monitoring. UAVs have been extensively applied to different fields to
perform tasks that require the collection of data in areas that would be otherwise hard to reach and where
a top-down perspective provides further crucial information for the problem, or it is too dangerous to
use both manned aircraft [29] and ground level stations [3, 29]. Numerous studies have shown
applications of UAVs in disaster management [30], forestry [31], archaeology and architecture [32],
traffic monitoring [33], mining [34], and more.

Several unmanned platforms are available to scientists interested in exploiting the capabilities of
modern flying machines to support air quality studies. Multirotor drones (e.g. a quadcopter) offer fixed-
point operations, no need for a runway or a catapult for take-off, and high automation during the flight
with user-friendly piloting characteristics. On the other hand, reduced endurances are offered since most
multi-copters are powered by electric motors with 20-30 minutes of life. Small-size autonomous
helicopters are often equipped with internal combustion engines, and their flight time can be notable,
thus offering the advantage of not requiring a runway: they’ve been used in the past for crop spraying
(notable Yamaha R-MAX helicopter used for agriculture with gasoline propulsion). Fixed-wing vehicles
can guarantee endurances of around an hour with electric propulsion and well beyond several hours with
internal combustion engines. Convertiplanes are being explored in literature, even with unconventional
configurations, to assure vertical take-off and landing capabilities with increased endurance. However,
the transition from vertical to horizontal flight is still quite hard to manage. Regarding trajectory
planning, National Air regulations often divide mission between within Line of Sight (LOS) and Beyond
Line of Site (BLOS), manual guide, autonomous guide (but monitored by operators), or automatic
operations (where the operator cannot pilot the vehicle but only to replan the navigation): different
licenses for pilots or communications to air authorities are required based on the regulations. All these
factors have a strong impact on the choice of a scientist willing to plan air operations to collect data. As
a consequence of all these opportunities and challenges, the questions that may drive the selection of a
platform instead of another one could be the following: What distance should be covered? What speed
is needed by air data sensors? Can gases from the exhaust interfere with the measurement? How far
should the UAV go from the take-off point? What should be the operational altitude and speed of the
UAV? Should the UAV be employed in highly populated zones? Will the trajectory be characterized by
steep turns? It is worth noting that fixed-wing configurations need a relative speed with the air, and the
flight is possible only above the stall speed, which is around half of the cruise speed. This has a high
impact on the minimum speed possible and radius turn, and definitely on the trajectory planning when
parallel stripes of acquisition are necessary. For a fixed-wing vehicle, assuming n the load factor during
a turn, V the velocity in [m/s], ¢ the bank angle, the minimum radius of turn R,,;,, in [m] can be
computed with the equation (1):

2

— __  where n=—— (D)
gVynz-1’ cos @

Runin =
Just to provide the reader with some figures, with a bank angle of 30 degrees and a speed of 20 m/s,
n=1.155 and Rmin = 122 m. This means that vehicles capable of lateral flight and reduced speed like
multi-rotors can assure low radius turn, assuring parallel acquisition stripes with reduced distances and
detailed coverage.
Based on the general considerations expressed, the following Table 1 could drive a scientist towards
the use of a platform instead of another one. A thick is added to configurations when the requirement is
easy to obtain, while a red cross is added when hard to guarantee.
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Table 1. Selection matrix for platform selection.
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4. Conclusions

Monitoring air quality using small sensors onboard a UAV is very complicated, not only for constraints
such as power consumption, weight and propeller effect, but also because the choice of sensors depends
on the pollution source being measured.

Real-test data collection must consider the nature of the mission to evaluate the best compromise
between feasibility to fly and accuracy of data. That is, a small plume emitted by a stationary (industrial
stacks) or a moving (ships, in-land vehicles) source. The UAV system presented in this research has
been designed for the purpose of combustion source emission measurements. These types of missions
normally comprise low speed and linear flight paths, such as taking off, flying to, and hovering in the
sampling position, and landing, which means the UAV system should be flown in a way where the
sensors are inside the plume and as far from the UAV center as feasible.

An alternative is required when there is strong wind or where the flight path involves fast, frequent
and steep changes of direction, such as chasing a fast-moving source. This action could damage the
payload, which makes positioning of the sensor closer to the UAV system center preferable, even though
the error of the reading is higher. This research discusses a comprehensive analysis of what needs to be
done to optimize the development of UAV systems, so they are more accurate in real time applications.
It is feasible to integrate air quality sensors onboard a UAV system to measure gaseous and particle
pollutants in time and space. Further work will focus on real-world applications and the analysis of near-
real time data to help atmospheric modelling software development and flight path planning algorithms.
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