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Abstract: To accurately quantify the attenuation of visible light in urban optoelectronic systems during dust
weather, we establish a predictive model that integrates corrections for non-spherical particles, using the Ho-
hhot region as a case study. Utilizing Mie scattering theory alongside scanning electron microscopy and en-
ergy-dispersive X-ray spectroscopy data from local dust samples, the extinction characteristics of dust
particles in typical red green and blue wavebands were calculated. Scattering parameters for non-spherical
particles were corrected via the T-matrix method. Photon multiple scattering was then simulated with the

Monte Carlo method to systematically compare attenuation rates between single and multiple scattering mod-
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els. The results demonstrate that the single-scattering model systematically overestimates the attenuation rate,

with a maximum error of 18.3% in the blue band. After multiple scattering correction, the attenuation rate de-

creased by an average of 12.4%. In this case, when the visibility is 400 meters, the attenuation rate for blue

light was approximately 95 dB/km, significantly exceeding the value of 70 dB/km for red light. The hybrid

model developed significantly enhances the prediction accuracy for visible light attenuation in dusty environ-

ments, elucidating the critical roles of multiple scattering effects. This work provides a reliable theoretical

and data-driven foundation for optimizing urban optoelectronic systems in dust-prone conditions.

Key words: dust weather; extinction coefficient; Mie scattering theory; T-matrix method; Monte Carlo simu-

lation; visible light propagation
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Fig. 1 Scanning electron microscopy images of dust pa-
rticles from the Hohhot region. (a) Individual dust
particle at 50.0k magnification; (b) group of dust
particles at 20.0 k magnification
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Tab.1 EDS analysis of the elemental composition of
the dust sample

JLER wt% ol
(6] 58.91 0.08
Si 29.82 0.07
Al 6.10 0.03
Fe 2.56 0.04
Ca 1.73 0.02
K 0.89 0.02
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Fig. 2 Variation of the efficiency factors with dust particle size in the RGB Bands. (a) Qs (b) Qexis (€) Oups versus dust

particle size
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Fig. 3 Normalized scattering phase functions of dust particles with different sizes in the RGB bands. Scattering phase func-

tion at (a) 470 nm, (b) 517 nm and (c) 623 nm
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Tab.2 Extinction parameter as a function of optical

visibility
S £15%(623 nm)

AEULEE u w g
1000 0.055 0.872 0.743
800 0.069 0.867 0.739
600 0.092 0.861 0.734
400 0.138 0.852 0.728
S £%(517nm)

REILIE u w 8
1000 0.065 0.858 0.772
800 0.082 0.853 0.768
600 0.109 0.846 0.763
400 0.163 0.837 0.756
e W(470 nm)

AEULEE u w 8
1000 0.075 0.840 0.802
800 0.094 0.834 0.798
600 0.125 0.827 0.793
400 0.187 0.817 0.786
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