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Abstract

Real-time and accurate measurement of particulate matter concentration has been a hot research
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topic both domestically and internationally, especially in environmental monitoring, industrial emis-
sions, and workshop production. Effective detection of low-concentration particles and anti-inter-
ference technology have garnered increasing attention. This paper proposes a particulate matter
detection method based on light scattering intensity modulation to address the issue of external light
interference. The theoretical analysis explores the effects of particle size, light source wavelength,
and scattering angle on the intensity and distribution of scattered light. Based on the light scattering
method, a particulate concentration detection system is constructed using a 650 nm laser as the
light source. The system modulates the laser intensity at a frequency of 12 Hz using a voltage-con-
trolled constant current source, and a phase-locked amplifier is used to lock the same-frequency
signal and filter out scattering signals. Scattering experiments were conducted with monodisperse
SiOz powder of 1 pm particle size in a concentration range of 25~17,500 mg/m3. The experimental
results show that, compared to traditional detection methods, this system significantly reduces the
interference of external environmental light on the detection results.
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Figure 1. Schematic diagram of particle Mie scattering
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Figure 2. Scattering light intensity distribution map at different particle sizes

2. FREIKETHESHERSHE

FIRIFERLAR BN, 1 1) B G 3T TR UN e sm Z2 BN, s A TXIRR, BB R RiAR Y
BER, DGR AT BN R IZ N, 1 A O G IR LS MU R R K 2, I HUHIUN e sl i) B 4E
S

DOI: 10.12677/jsta.2025.133036 373 e IR A 5 8 FH


https://doi.org/10.12677/jsta.2025.133036

T, 9Kk

HTC R, REAR T RE1 B D658 B 70 AT AT BOR MIFEM, AP T (19 BUR s A i USR], R
ARABCR R e 5 K I HL B s o A B EE B F H 2 B A 511

3.2. WG AR B AR

MU G RS2 R RN AT RIS ST B BL T, FRATTHE T BN HUR AT D b, SRk E
EIE IR, WK 3 B AR ERARD =0.1 pm. 1 pm. 2 pm A1 5 pm)7E 0°~180° FRIEUR G TR 1%
Mo

10%F

10"

10°F

HIUH o

10

102}

107

0 20 40 60 80 100 120 140 160 180
RO EC)

Figure 3. Scattering angle 0°~180° distribution of light intensity in different particle sizes
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Figure 4. Schematic diagram of the light intensity modulation system
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Figure 5. Schematic diagram of particulate matter detection system
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Table 1. SiO2 Concentration corresponding to different gradient numbers
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Figure 6. (a) Relationship between voltage signal of photodetector and mass concentration under intensity modulation, (b)
Relationship between voltage signal and mass concentration under different detection methods
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Figure 7. (a) and (c) Between the detector voltage and the mass concentration at different concentrations; (b) and (d) Correla-
tion between voltage and mass concentration at different concentrations
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