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n Particle Matter (PM) Measurements

n Optical Particle Counter (OPC) Operating Principles

n Low-Cost (<$50) OPCs

n Conclusions and Future Work



PM Measurements
Tapered Element Oscillating Microbalance (TEOM):

https://www.google.com/search?q=TEOM&safe=active&sxsrf=ACYBGNTMZM_NNX6OhiYxDi6w_gm7SeZPvA:1579747138847&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiOza7Y2JjnAhUIvp4KH
a8QCVUQ_AUoAnoECA4QBA&biw=1920&bih=926#imgrc=v6tBvlAfacvGwM:

• Very accurate
• Expensive
• Not for field-use
• Measures concentration

https://www.google.com/search%3Fq=TEOM&safe=active&sxsrf=ACYBGNTMZM_NNX6OhiYxDi6w_gm7SeZPvA:1579747138847&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiOza7Y2JjnAhUIvp4KHa8QCVUQ_AUoAnoECA4QBA&biw=1920&bih=926


PM Measurements
Beta-Attenuation Monitor (BAM):

• Accurate
• Expensive
• Measures concentration

https://www.google.com/search?q=beta+attenuation+monitoring&safe=active&sxsrf=ACYBGNQnLUAWfGEF7nrxd5141mO7BxsBdA:1579748112825&source=lnms&tbm=isch&sa=X&ved=
2ahUKEwjCxOWo3JjnAhVIpZ4KHb83BbAQ_AUoAXoECA4QAw&biw=1920&bih=926#imgrc=QcPjTw7OhNcplM:

https://www.google.com/search%3Fq=beta+attenuation+monitoring&safe=active&sxsrf=ACYBGNQnLUAWfGEF7nrxd5141mO7BxsBdA:1579748112825&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjCxOWo3JjnAhVIpZ4KHb83BbAQ_AUoAXoECA4QAw&biw=1920&bih=926


PM Measurements
Gravimetric:

• Inexpensive
• End point analysis 
• Measures total mass of PM



PM Measurements

• Inexpensive
• Measures concentration  
• Field-use
• Many types are available
• Accuracy is questionable

Optical Particle Counter (OPC):



OPC Measurements

Plantower 1003 Datasheet
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http://www.aqmd.gov/docs/default-source/aq-spec/resources-page/plantower-pms1003-manual_v2-5.pdf
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Dual Use of an OPC
n Air Quality Monitoring

è Lower concentrations
è PM2.5

n Combustion Diagnostics
è Higher concentrations
è Particle Size Distribution Function
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OPC Operation
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Mie Theory Scattering
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Mie Theory Scattering

Light Light

Zoomed-in views of previous graphs

Forward Scattering

Backward Scattering

˚ ˚

In
te
ns
ity

In
te
ns
ity



Sensor A



Sensor A

Approximately 50% error in diameter.



Sensor A

2.50 µm

2.70 µm



Sensor A

Top View

Light

Diameter = 2.5 µm

Photodetector
• Detector is not 

well-utilized



Sensor B



Sensor B



Conclusions
• All OPCs are not designed equally 

• Varying accuracy
• Suitability depends on the purpose

• Very little area of the photodetector is used
• Collection angles are important

• Photodetector location matters



Future Work

Optimization 
• Position of Photodetector
• Multiple Photodetectors
• Inclusion of Mirror


