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Abstract For the concentration detection of particulate matter in the atmospheric environment, a Monte Carlo
polarization scattering model was established on the basis of the Mie scattering theory, with the oil mist
environment as the research object. The Stokes-Mueller matrix analysis method was employed to study the variation
of Mueller matrix elements, and the patterns were investigated through Mueller matrix decomposition. Analyzing
the Mueller matrix elements was an effective way of obtaining medium properties. Using the method based on oil
mist concentration characterized by optical thickness, the model was proved correctly by experimental tests and
simulations. The results indicate that with the increase in optical thickness (i.e., increase in concentration), the
pattern of the Mueller matrix element M, enlarges, and the non-polarized optical characteristics intensify.
Moreover, the intensity value of the scattering depolarization matrix decomposed by the Mueller matrix goes up,
and the scattering depolarization ability is enhanced. This method can distinguish the characteristics of particulate
matter media at different concentrations more intuitively and achieve a visualization effect. It provides a theoretical

basis and a new test method for the detection of atmospheric particulate matter concentration.
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Table 1 Combinations of polarization generation and polarization detection

Polarization Horizontal Vertical +45° —45° Left-hand Right-hand

Horizontal M, +M,, M, +M,, M, +M;, M, —Mj,, M, +M,, M, —M,,
+My,+M,,  —My—M, +M,+M;, +M,—M;, AM,+M, +M,—M,

Vertical M, +M,, M, —M,, M, +M; M, —M,, M, —M,, M, —M,,
—M;;,—M,, —M,, +M,, —M;,—M,, —M,, +M,, +M, —M,, —M,,+M,,

s M, +My, M, —M,, M, +M,, M, —M,, M, +M,; M, —M,
+M;+M,; A+My—M,  +M+M,, M, —Ms, +My+M,; o M —My,

e M, +M,, M, —M,, M, +M,, M, —M,, M, +M,, M, —M,,
—M,;—M,, —M 5 +M,, —M;—M., —M 3 +Ma, —M;;—M, —M5+M,;

Lefthand M, +M,, M, —M,, M, +M; M, —M,, M, +M, M, —M,,
—M,,—M,, —M,, +M,, —M,, —M,, —M,, +M,, —M,,—M,, —M,,+M,,

Right hand M, +M,, M, —M,, M, +M;, M, —M;, M, +M, M, —M,,
+M,+M,  +M,—M,  +M,+M, +M,—M, +M,+M,, +M,—M,
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1: laser; 2: attenuator; 3: optical filter; 4: linear polarimeter;
5: quarter wave plate; 6: collimation beam extender;

7: simulation environment; 8: quarter wave plate;

9: linear polarimeter; 10: CCD; 11: computer
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Fig. 2 Experimental schematic diagram of Mueller matrix pattern test. (a) Principle diagram; (b) physical photo
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Fig. 4 Simulation diagrams of Mueller matrix. (a) Optical thickness is 0.77; (b) optical thickness is 2.27;

(c) optical thickness is 4
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(b) optical thickness is 2.27; (c) optical thickness is 4
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