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Abstract Low-cost dust sensors are widely used because of their advantages in real-time measurement, portability, and
low price. Low-cost dust sensor which adopts the OPC (optical particle counting) method converts the intensity of light
scattering into an electrical signal to measure the particle size. It provides mass concentration information of dust to
consumers through its own algorithm using the measured particle size information. However, most manufacturers do not
provide information on the sensor’s size segregated mass concentration calculation algorithm, therefore users cannot know
whether the sensor accurately measures the particle size or not. In this study, the particle size resolution performance
evaluation of four types of low-cost dust sensors and one type of mid-to-low-cost type dust sensor, most commonly used in
the market, was performed. Test particles were aerosolized and injected into a chamber and simultaneously measured with
low-cost dust sensors and a reference measuring device (aerodynamic particle sizer; APS). The sensor’s electrical signals
obtained through communication were correlated with the particle sizes measured by APS. As a result, it was confirmed that
the four types of the low-cost dust sensors could not segregate the size of particles. Thus, the mass concentrations provided
by the four types of the low-cost dust sensors and APS did not match each other. On the other hand, the mid-to-low-cost dust
sensor could segregate the size of particles. Therefore, the mass concentrations measured by the mid-to-low-cost dust sensor
and the mass concentrations measured by APS were similar to each other. The performance evaluation method that simply
compares the mass concentration provided by a standard measuring instrument (beta ray measurement method, gravimetric
method) and the mass concentration provided by low-cost dust sensor is not traceable. Therefore, it is important in terms of
traceability to evaluate whether the low-cost dust sensors segregate the size of particles by light scattering method.
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Fig. 1. The conceptual diagram of dust measurement of the
low-cost dust sensors.
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Table 1. Specifications of low-cost dust sensors.
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Model SM-UART-04L HPMA115S0 SN-GCJA5 SPS30 OPC-N3
(manufacturer) (Amphenol) (Honeywell) (Panasonic) (Sensirion) (Alphasense)
Photo
Power supply 5V (100 mA) 5V (80 mA) 5V (80 mA)
Data output UART UART UART UART SPI
Min. output interval 1s 1s 1s 1s 1s
Particle range 0.3~10um 0.3~10 pm 0.3~10um 0.3~10pm 0.35~40 um
Mass
Mass concentration Mass
Mass Mass concentration (PM;, PM, 5, concentration
Output information concentration concentration (PMy, PM, 5, PM;), PMy, PM;y), (PM;, PM, 5, PM;),
(PM;, PM, 5, PM;) (PM,5, PM;) Particle count Number Particle count
(6 size bins) concentration (24 size bins)
(5 size bins)
: ~ 3 - 3 - 3 - 3 Max. 10,000
Detection range 1~999 ug/m 0~1,000 pg/m 0~1,000 pg/m 0~1,000 pg/m particles/s
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Fig. 2. Schematic diagram of chamber experiment for particle resolution performance evaluation of low-cost dust sensors.
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Fig. 3. Electrical signal flow of low-cost dust sensors and data acquisition method.
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Fig. 4. The particle counts according to aerodynamic diameters (measured by APS) and signal counts according to voltage
levels (measured by four types of low-cost dust sensors) for PSL 1.0 pm, oleic acid 2.8 pm, and oleic acid 6.7 pm.
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