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Evaluation of Ultrasonic Multiple Scattering Method to Improve the Accuracy of
Fine Dust Measurement

Ukyong Woo', Hajin Choi*®

Abstract: An ultrasonic multiple scattering simulation using cross-section of fine dust particles were proposed. These days, along with awareness of
air pollution, social interest in fine dust is increasing. In the construction field, awareness of fine dust is increasing, and research on preparing various
countermeasures is underway. The light scattering method fine dust meter currently in use is affected by environmental factors such as relative humidity,
and reliability problems in terms of accuracy are continuously reported. However, the transmission of ultrasonic waves can directly reflect the physical
change of the medium based on the mechanical wave. Using these advantages of ultrasonic waves, fine dust measurement simulation was performed
using the scattering cross section and ultrasonic multiple scattering theory. The shape data of the fine dust particles were collected using a SEM (Scanning
Electron Microscope), and a cross-section according to the fine dust particles was derived through numerical analysis. As a result of signal processing,
the error for the number density corresponding to each cross-section is minimum 19, maximum 3455.
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o|t}.

Table 1 Main components of fine dust

Components Density(g/ cm3) Mass( 19/ m3)
NH, 1.73 3.64
NO, 1.05 6.09
SO;~ 1.34 8.44

0oC 1.40 9.67
EC 2.25 5.10

MA 9] A S AP EE WHY 0, Yo 238 9
2 9]

A3 72 7% mA A YAk B U Er A
THZE 7PetH, Aol 73] v 4 (2)9F Zo] yehd
Atk

V= ED‘ 2)

o71A, D= JAR] B A (m)E Qvlgit)
FAPH 2450, 550, 700nm 2] IS 7 AR |HE
AN AL, QAR F71(2.5 um~10um )0l &3] AHehE] = )

AFH(Mie scattering) = ©]-8-3FCK Choi et al., 2018; Lee, 2019).
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Fig. 1 scattering cross section
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Fig. 3 Ensemble average schematic
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Table 2 ZEISS GEMINI 300 performance

- Specification
Acceleration voltage 0.05-30kV
Probe current 3pA-20nA
Store resolution Up to 32k X 24k pixels
Magnification 12-2,000,000
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Scatterer extraction

Image output

Fig. 4 Scatterer extraction process
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Fig. 5 Cross section theory conceptual diagram
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(a) Standard (c) Two circle
particle, particle,

(d) SEM particle 1,  (e) SEM particle 2,  (f) SEM particle 3

(b) Ellipse particle,

Fig. 6 Fine dust shape data used for numerical analysis

Table 3 Cross section at SMHz

Particle shape Cross-section (mm?)

Analytical solution 5.88x107¢
Standard particle 8.59< 10" °
vertical 5.56 > 10°°

Ellipse particle
horizontal 1.12x1076
Two circle vertical 1.07x107°
particle horizontal 7.37x107°
vertical 6.13x10 ¢
SEM particle 1 -
horizontal 1.01x107°
vertical 1.34x10°°
SEM particle 2 .
horizontal 1.23x107°
vertical 9.94x107°

SEM particle 3
horizontal 7.71%x10°¢

=
|3 M= 242 Table 43 2t Al &g o)A F3tol v x| =
FUALe] Rl = 1% =2 7Pl o, 5 YAR= random
PN

=
s Sl AlEd el B3t vix|Sich AlEEold md
ol th3k A 1 ¢} 34 314 & Fig. 70 JERATE o] 347 of| A
Wyt FEYAE SHE et AtE = oS gRlg
T ATk AlEE o)A ALt AIZEE A1 71 AL GPUE 24
3}3te] 21343} Matlab->NVIDIA CUDA £ A3k GPU
5 244318 4= Itk CUDAE GPUOIA S=3831= W E =g
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<o]t}. k-wave toolbox= NVIDAIA 7§23k CUDA SDK
B H o] 2~F ARS8l C ZE IS GPUA AT 9
o}, 34 AIZHe 2 0 2 2447t A Q5T

Table 4 numerical simulation details

Simulation Cross-section Multiple scattering
Parameter
Number of grids 1500 8000
(V)
Number of grids 1500 2000
(]\71/)
dx 0.057 um
dy 0.057 um
. 85.5um 456 um
Length of grid X 85.5um X114 pum
Total area 0.007mm?> 0.002mm?
dt 0.02ns 16.62ps
Input frequency 1-20MHz 1-10 MHz
Input type Chirp signal
Wave type Plane wave
Number of (senszfzg dius - 22500
’ X
sensors 37.05im) (150<150)
Time end 4us 8us
PMLSize [100,100] [100,0]
PMLAIpha 2Np/m
CFL 0.1
ppm‘tide 1050 kg/TrL3
Pair 1.2754kg/m?
Coir 343 m/s
200 : -200
-150 ] -150
Plane wave
-100 ] -100
S S o S
8 2 2
i- Sensor i- 50 1 i_
Position  :
100 |
150 -
200
PML

50 0 50 50 0 50
y-position [um] y-position [um]
(b) Simulation
process t=0.5us,

y-position [um]
(¢) Simulation

(a) Modeling detail, process t = 1 s

Fig. 7 Simulation modeling
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Fig. 8 Example of output signal
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&R AF AEE EZT A2 2 (6)F 2ol A
& HaA5H(linear least square fit)2 ARE-Sle] == o)
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Fig. 9 B-scan images
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Table 5 Results of simulation (Volume fraction : 1%)
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