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Abstract

Air pollution is a critical global health concern that affects communities in complex and often invisible
ways. Traditional ground-based air quality monitoring stations provide accurate data but are limited by
their fixed locations and inability to capture vertical variations in pollution. Low-cost sensors have made
air monitoring more accessible but face challenges in accuracy and calibration. Recent advances in drone
technology offer mobility and the ability to profile air quality at multiple altitudes. This paper introduces
the concept of Multi-Altitude Mobile Air Quality Profiling (M-AMAP), which uses drones to overcome
spatial and vertical data gaps left by conventional methods. By comparing fixed stations, low-cost sensors,
and drone-based systems, the study highlights how M-AMAP, exemplified by the AetherScan system,
provides real-time, high-resolution air quality data, empowering schools and communities to better
understand and respond to air pollution. The integration of mobility and multi-altitude sensing marks a
significant advance in environmental monitoring, with wide implications for public health, education, and
urban planning.
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Introduction: Why Air Quality Monitoring Matters

Imagine taking a deep breath—pleasant, right? But did you know that the air you breathe can be filled
with tiny invisible particles and harmful gases that affect your health without you even realizing it?
Everyday pollutants from cars, factories, and even wildfires can cause coughing, asthma attacks, and long-
term health problems. That’s why scientists and communities have been working hard to monitor air
quality: to protect our health, make smart decisions, and keep our environments safe.

Air quality monitoring is especially important for places like schools and neighborhoods, where children
play and learn. Yet even though monitoring technology has improved, many gaps remain in what we know
about the air around us. Traditional air monitors are expensive and located in just a few fixed places. But
air pollution doesn’t stay still—it moves, changes by height, and varies across streets and buildings.

This paper explores the different ways we monitor air quality and introduces an exciting new approach
called Multi-Altitude Mobile Air Quality Profiling (M-AMAP), which uses drones to provide a fuller,
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smarter picture of pollution than ever before. Through this, we see how new technology like the
AetherScan drone system could revolutionize how communities understand and act on air pollution.

Understanding Traditional Air Quality Monitors

For decades, the main tool to measure air pollution has been the ground-based monitoring station. These
solid, reliable devices stand fixed in one spot, continuously testing the air for pollutants like fine particles
(PM2.5), nitrogen dioxide (NO-), and ozone (O3). Ground stations are the “gold standard” because they
offer precise, standardized, and official data used by governments and health organizations worldwide
(Clarity, 2025; PranaAir, 2024).

But these stations have limitations. First, they are very expensive to install and maintain—often costing
tens of thousands of dollars (Clarity, 2025). Because of this cost, only a few stations exist in most cities,
which means they can’t capture the full variety of pollution levels. For example, a station far from a busy
road won’t detect traffic-related pollution in a nearby neighborhood. Additionally, these stations usually
measure air only a few meters above the ground, missing how pollution changes as it rises or moves
through the air at different heights (SciePublish, 2025; Clarity, 2025).

Imagine trying to understand a multi-floor building by only looking at the first floor—the picture would
be incomplete. The same happens with traditional air monitors: they don’t capture vertical differences in
pollution that impact people living or studying on different floors or buildings.

The Rise of Low-Cost Sensors: Making Air Monitoring Accessible

To fill these gaps, scientists and communities have started using low-cost air quality sensors—small,

affordable devices that can be placed almost anywhere, from school rooftops to playgrounds. These

sensors use simpler technology to measure pollution and send data in real time to phones or websites

(SciePublish, 2024; Clarity, 2025).

Low-cost sensors have transformed air quality monitoring by making it accessible:

e Affordable and scalable: Many devices can be deployed cheaply, covering larger areas.

e Community-driven: Schools, environmental groups, and residents can participate, bringing a
grassroots energy to tracking air pollution.

e Real-time awareness: Instant data helps people know when pollution spikes and take action.

However, low-cost sensors are like entry-level instruments—they tend to have lower accuracy and can

drift over time, sometimes confusing dust for smoke or reacting differently under changing weather

(SciePublish, 2024). This means their data often needs calibration against official monitors to be reliable.

Still, the power of deploying large networks of these sensors lies in the volume of data they provide,

revealing patterns and hotspots invisible to sparse fixed stations.

For high school students, building and calibrating sensors can be a valuable hands-on project that combines

science, technology, and community health awareness, offering a glimpse into real-world environmental

challenges and solutions (SciePublish, 2024).

Introducing Mobility: The Power of Drones in Air Quality Monitoring

Think about the difference between taking a single photo of a city and flying a drone over the whole
neighborhood, capturing different angles and heights. This is the leap that drone-based air quality
monitoring offers.
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Drones equipped with sensors can fly over areas of interest, taking measurements at multiple heights and

locations. This mobility and added vertical dimension help capture detailed “layers” of pollution that fixed

stations and low-cost sensor grids often miss (MSM Nadzir et al., 2025; Elbestar et al., 2024).

Advantages of drone monitoring include:

e Vertical profiling: Ability to track pollution from the ground up to hundreds of meters in the air,
revealing how pollutants move and settle.

e Access: Reach tricky or unsafe locations like rooftops, forests, or industrial zones.

e Real-time patrol: Quickly respond to pollution spikes or emergency events.

Challenges remain with drone monitoring:

e Limited battery life requires careful scheduling.

e Sensors on drones need regular calibration for accurate, comparable data.

e Regulations on drone flights vary and must be followed for safety and privacy (MSM Nadzir et al.,
2025; Elbestar et al., 2024).

Despite these challenges, drones are proving to be powerful tools for cities, researchers, and schools to

enhance their understanding of air quality.

The Breakthrough: Multi-Altitude Mobile Air Quality Profiling (M-AMAP)
Building on these ideas, the Multi-Altitude Mobile Air Quality Profiling (M-AMAP) approach combines
the best of all worlds: high accuracy, wide coverage, and vertical detail.
M-AMAP is a concept underpinning the AetherScan system, where drones fly pre-planned routes that
cover both horizontal distances and a range of altitudes. This approach fills the spatial and vertical gaps
in existing air quality data, providing a living, breathing map of pollution.
Key features of M-AMAP include:
e Spatial versatility: Instead of being stuck measuring air at one point, drones can visit multiple locations
regularly.
e Vertical integration: Drones take measurements at different heights to capture the full story of pollution
dynamics.
Real-time data: Instant results allow for faster responses and ongoing monitoring.
Community engagement: Students, teachers, and residents can access data and participate in
monitoring efforts (MSM Nadzir et al., 2025; Elbestar et al., 2024).
This approach transforms air quality monitoring from a few fixed points into a dynamic, high-resolution
system that better reflects the complex reality of our environments.

Real-World Examples and Benefits

Pilot studies using M-AMAP and drone-based monitoring have uncovered important findings:

e Urban drones have traced pollution plumes rising from traffic and factories, showing how harmful
particles reach higher floors in apartments, sometimes affecting children and elders more severely
(MSM Nadzir et al., 2025).

e Schools using drones found playground pollution hotspots during specific hours, leading to changes
in outdoor activity schedules and planting of shade trees to reduce exposure (SciePublish, 2024).

e In wildfire regions, drone data has helped track smoke infiltration over neighborhoods in real time,
aiding disaster response (Elbestar et al., 2024).
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These examples show how M-AMAP systems give communities detailed, actionable insights, not just
abstract numbers.

Empowering Education and Communities

One of the most exciting aspects of M-AMAP and AetherScan is how it empowers schools and students
to be part of the solution. By integrating drone flights, sensor networks, and data sharing platforms,
students get hands-on experience with cutting-edge technology and environmental science.

Imagine students planning drone routes, analyzing pollution data collected over days, and developing
projects or campaigns based on their findings. This turns learning into action and helps build future
scientists, engineers, and informed citizens.

Beyond the schoolyard, city officials and environmental groups can use M-AMAP data to guide traffic
policies, industrial regulations, and green space planning, making cities healthier and more resilient
(SciePublish, 2024; Clarity, 2025).

Conclusion: A New Era for Air Quality Monitoring

Air pollution is a challenge that touches everyone, crossing geographical boundaries and moving through
neighborhoods in complex ways. Ground-based monitors provide reliable information but often miss
subtle and local pollution variations. Low-cost sensors extend coverage but require calibration and data
integration. Drones add mobility and vertical insight, creating new possibilities.

The Multi-Altitude Mobile Air Quality Profiling (M-AMAP) approach embodied by systems like
AetherScan offers an innovative, comprehensive solution. By combining fixed, mobile, and vertical
monitoring, M-AMAP bridges the data gap with real-time, high-resolution insights.

For high schools, communities, and cities around the world, this means better data means better decisions,
healthier environments, and empowered citizens ready to take on the challenges of air pollution.
Together, technology and human curiosity can help everyone breathe a little easier.
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