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Abstract

Recently, low-cost particulate matter (PM) sensors haven be@lely used in monitoring mass concentration.

Maintaining the accuracy of the sensors is important andires| rigorous performance evaluation and calibratiol
this study, two commercial low-cost PM sensors(LCS), PlartoPMS3003 and Plantower PMS7003, were evall
in the laboratory and field with a reference-grade PM man{8RIMM 11-D). Laboratory evaluation was conduc
with single/mixed particles of PSL (Poly Styrene Latex) im acrylic chamber at 20 and relative humidity of 2

Field evaluation was conducted inside a building of Yonsaiviersity (Shinchon) from February 12 to March 31,

2022. In both evaluations, LCS measured values became dafiffdrom reference measured values when the re
humidity was high or the outdoor air PM10/PM2.5 ratio washhi®ased on the field evaluation, the LCS meas

values were corrected through four different regressionlyais models. As a result, the multivariate polynomial

regression analysis model showed highest matching withréfexence PM monitor (PM2.5 >0.9, PM10 >0.85). In
model, the PM10/PM2.5 ratio and relative humidity were @mss independent variables.
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Figure 1. Diagram of the principle of light

scattering—based LCS. a) Schematic
diagram of light scattering—based LCS
(PMS3003, PMS7003); b) Diagram of light
scattering when PMio/PM, 5 ratio is low;
¢) Diagram of light scattering when
PMi0/PM25 ratio is high.
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Table 1. Specifications of Low—cost PM sensors.
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Figure 2. External/Internal shape and internal flow

of LCS. a) Plantower PMS3003, b)
Plantower PMS7003

Stated Lower

Model Light Scattering Aspiration Particle Size Output Price
wavelength Angle N
Sensitivity
PMS3003 650 nm 90 o 0.1 Ipm 08 Particle Mass —_,q644 \on
concentrations
PMS7003 650 nm 90 o 0.1 Ipm 048 Particle Mass 544, \yon

concentrations
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Table 2. Experimental conditions of laboratory evaluation test

. Particle Mass Conc. Average
Test Number Particles generator LCS range [ig /] Temp/Humid
Singled PSL 23.72 oC
PSL 0.56um 1.14 ~ 363.37
test TSI, Jet PMS3003, 20.81 %
Mixed PSL  PSL 1.3, 1.5, Atomizer 9302 PMS7003 017 - 60.26 20.19 oC
test 1.8, 2.0um ' ' 21.67 %
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Figure 8. Results of field evaluation test. a) Time series graph of temperature/humidity and mass
concentration measurements for PMz s measured by GRIMM 11-D, PMS3003, PMS7003;
b) Time series graph of temperature/humidity and mass concentration measurements for
PMiyp measured by GRIMM 11-D, PMS3003, PMS7003.

Table 3. Description of CF1~CF4

CF Model Regression model Coﬁi?irea:tsilon Independent varible  Dependent variable
CF1 Simple Linear X PNFS PMRef
CF2 Univariate X (PMo/PM; 5)API CFRef
CF3 Univariate O (PMYPM,.5)API CFRef
CF4 Multivariate o (PMldi'\:'Z'S)AP" CFRef
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Figure 9. Correlation analysis between PM"®® and PM®, and results of CF1 application. a) CF1 for PM,, b)
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CF1 applied.
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Table 4. Performance evaluation results according to the calibration model.

Node CF Model RMSE MR (%)
Raw 0.9523 25.0024 18.58

PMS3003 CF1 0.9523 2.7422 84.50
CF2 0.9682 2.8666 88.01

(PM.5) CF3 0.9778 2.2359 88.98
CF4 0.9783 2.1540 89.52

Raw 0.6203 24.5708 41.86

PMS3003 CF1 0.6203 10.7962 58.03
CF2 0.9096 5.8269 83.56

(PMu) CF3 0.9155 5.3557 84.01
CF4 0.9189 5.1735 84.74

Raw 0.9579 23.1731 21.91

PMS7003 CF1 0.9579 25753 86.63
CF2 0.9782 2.2619 90.54

(PMz) CF3 0.9777 2.0294 91.19
CF4 0.9784 2.0221 91.42

Raw 0.6430 31.8523 21.26

PMS7003 CF1 0.6430 10.4682 61.24
CF2 0.9241 5.0005 82.77

(PMyq) CF3 0.9242 49018 85.65
CF4 0.9244 4.8886 86.39
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Table 5. Table of expression coefficients for multiple regression model correction factor (CF4)

Node CF Model a b c d
PMS3003 CF4Low 0 0.1373 -0.0023 0.5876
(PM25s) CF4High 0 0.1093 -0.0014 0.3739
PMS3003 CF4Low 0.0279 0.1921 -0.0096 0.8304
(PMy) CF4High 0.0099 0.2738 -0.0034 0.2488
PMS7003 CF4Low 0 0.0099 -0.0073 1.0941
(PM25s) CF4High 0 0.1093 0.0007 0.3095
PMS7003 CF4Low 0.0396 -0.1719 -0.0164 1.7395
(PMu) CF4High 0.0104 0.2105 -0.0004 0.1443
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Figure 15. Time series graph of PM values calibrated with CF4 in field evaluation test.
a) PMys case, b) PMio case.
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