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With the rapid economic growth in developing countries, the air pollution is becoming more
and more serious. The air in some big cities becomes foggy due to various pollution sources.
Particulate matter with diameter of 2.5 microns or less is especially dangerous because they can
be inhaled into deep part of lung tissues and eventually absorbed into blood circulation system.
This is very harmful for human health, leading to lung cancer and other related diseases. It is
important for people to have a handheld PM2.5 sensor to monitor the air pollution to decide
whether they should travel or do exercises outdoor. In this research, a miniaturized PM2.5
particulate sensor based on optical sensing is proposed. The air sample flows through a
chamber with constant flow rate. Incident laser light pass through the chamber and is reflected
by a set of mirrors for multiple times. The light is scattered by the PM2.5 particles in the air
sample so that the light intensity is weakened. The higher concentration the PM2.5 is, the more
light scattering it will be. By sensing the reflected light intensity with a photodetector, the
PM2.5 concentration of the air sample can be measured. Unlike PM2.5 sensing by absorption,
optical sensing does not cause any pollution to the device and it can be reused for a long time.
The device is designed, analyzed and simulated with COMSOL. It offers a low-cost portable
solution for PM2.5 sensing.

Abstract

Introduction

Design of the MEMS PM 2.5 Sensor
The schematic design of the miniaturized optical PM2.5 sensor is shown in Figure 1. It consists
of following parts: measurement chamber, air inlet, air outlet, particle size filter, micro
exhaustive fan, laser diode, photo detector, and a set of reflective mirrors. The micro exhaustive
fan maintains a constant air flow through the measurement chamber. A particle size filter at the
inlet ensures particulate matter with diameter of 2.5µm or less can pass through the chamber,
while particles with larger diameter will be blocked away. The sensor utilizes light scattering
effect to measure PM2.5 concentration. A laser diode generates laser beam to be reflected back
and forth along the measurement chamber by a set of reflective micromirrors embedded inside
the chamber surface. As the laser light travels inside the chamber, it will be scattered multiple
times by the PM2.5 particles inside the air sample. The higher the PM2.5 concentration is, the
lower light intensity it will be when detected by the photodetector. By measuring the light loss
due to the scattering of PM2.5 particles inside the air sample, the PM2.5 concentration can be
derived. This is the working principle of the PM2.5 sensor. Compared to the absorption mass
detection, optical detection does not need to adsorb the PM2.5 particles. This leads to cleaner
operation and longer lifetime of the sensor. The whole battery-powered device consists of very
simple and low-cost component. It is easy to fabricate and suitable for portable application.

Figure 2. PM2.5 particulate sensor based on optical sensing 

Theoretical Analysis
The proposed PM2.5 sensor is based on the scattering of light. In order to translate the light
intensity loss due to PM2.5 particles in air sample, we need to have a thorough understanding
about light scattering by small particles. When the laser hits small particles, it can scatter in all
directions even thought the particles are much smaller than the wavelength. As shown in Figure
3, the laser scattering intensity actually fluctuates over time. This fluctuation is because small
particles in the air undergoes randomized Brownian motion, and so the distance between the
scatters in the air is constantly changing with time.

Design and Simulation
Based on the analysis, a set of structural design parameters of the PM 2.5 particulate sensor
are achieved, as shown in Table 1. The overall size of the sensor is about 12cm×5cm
rectangular box, easy to hold in hand like a cellphone. We hope to build a smart wireless
communication interface so that the sensed PM2.5 signal can be either displayed on screen
of the sensor or sent to a smart phone to be utilized by apps. COMSOL simulation is used
to understand the air flow and particulate matter movement inside the measurement
chamber. The velocity vector plot and the air pressure contour plot of the air samples inside
the sensor are shown in Figure 4 and 5 respectively. We also performed particle trajectories
simulation of the PM2.5 particles inside the air sample of the sensor.

Figure 4. COMSOL velocity magnitude(m/s)
plot of PM 2.5 particulate sensor. The arrows
represent flow of the air inside the chamber.

Figure 5. COMSOL pressure plot of PM 2.5
sensor. The lateral bar represents the pressure of
the air on different part of chamber.

Figure 6. Particle trajectories in PM 2.5 sensor. Particle trajectories in the chamber have been
simulated with COMSOL using laminar flow and particle tracing is used for fluid model.

The trajectories simulation clearly
shows how the PM2.5 particulate travels
inside the air sample while passing
through the measurement chamber.
COMSOL animation can offer us
information on how light can be
scattered by these moving particulate
matters and guide us to find out the
optimized design of the sensor.

Table 1. Design parameters of PM2.5 sensor

Conclusions and Future Work
In this poster, a miniaturized PM2.5 sensor based on optical detection is proposed. It utilizes
the light scattering effect in polluted air to detect PM2.5 concentration. The PM2.5 sensor is
made by some low-cost, small size component. It is suitable for handheld portable
applications, so that people can use it to monitor air quality anytime anywhere. It can help
people take precautions to reduce their exposure to the polluted air. COMSOL simulation is
used to find out the velocity and pressure distribution of the air sample as well as particle
trajectories of the PM2.5 particles. Currently we only perform the simulation on the air
sample and the PM2.5 particles. In the future, we will also perform optical light scattering
simulation of the sensor, and work on the device prototyping.

As the economy continues to grow in some developing countries, the air pollution due to
increased manufacturing and construction activities, automobile emission, coal burning and
other pollution sources deteriorates very quickly. The air in some large cities is always foggy
and the visibility is very low. This causes serious concern over the health threat posed by the air
pollution. Among all the particles causing pollution in the air, the particulate matters with
diameter of 2.5µm or below (so called PM2.5) are especially harmful because they are too
small for human lungs to expel through natural defensive mechanism. Extensive studies have
shown that long-term exposure to PM2.5 particles can cause premature death, development of
chronic respiratory diseases (e.g. asthma), cardiovascular diseases (e.g. heart attacks, strokes).
PM2.5 exposure is also linked to cancer, as well as some harmful developmental and
reproductive effects (e.g. infant mortality, low birth weight). There has been pressing need for a
hand-held portable PM2.5 sensor so that people can carry it to measure the air pollution
anytime anywhere. In case the PM2.5 concentration is beyond healthy level, they can choose to
wear protective masks or stay indoor to avoid the exposure to the dangerous air pollution. In
this poster, a miniaturized portable PM2.5 sensor based on optical detection is proposed. The
device utilizes light scattering to detect the PM2.5 concentration in air sample. It offers a low
cost and convenient way for air quality evaluation, so that people can take precautions to
reduce their exposure to serious air pollution.

Figure 1. Air pollution poses serious threat to human health

Figure 3. Light scattering when laser go through particles
URL: http://en.wikipedia.org/wiki/Dynamic_light_scattering

Researchers have derived the rate of the scattered light intensity Iscat to the incident light
intensity I0 when light is scattered by particulate matter in the air:
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where α is polarizability of light, ν is frequency of light, λ is wavelength of light, c is
velocity of light, and r is the diameter of the particle. Every time when light is scattered by
a particle, the light density tends to decreases. If the PM2.5 concentration in the air sample
is high, the light will experience more scattering and hence the final output light intensity
will drop more. By measuring the light intensity ratio of the final output light to the
incident light, we can derive the PM2.5 concentration in the air sample. One of the design
challenge of the PM2.5 sensor is that if physical size filter is used to filter out the large size
particles, the filter can get clogged as time goes by. Thus the sensor needs to have some
self-cleaning mechanism for long-term usage. We can make the exhaustive fan reversible
so that it may reverse the air flow to blow away the particles clogged in the filter. Or we
can use vertical elutriation instead of size filter. It can separate small particles from large
particles without the clogging issue at the inlet.

(1)

COMSOL simulation results give us a good understanding about how the air sample and the
particulate matters travel through the detection chamber. It also helps us to find out whether
and where the PM2.5 particles can be trapped inside the chamber and how we can remove
them to maintain the chamber to be clean. It is helpful for us in the device design and
optimization.
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