E£61% F48/2024F 2 B/HMeERRBFEHE

It Bl St FFIHE

K S MUK T A 45 1 B 005 ST

BAFE, KA Kie, #eg

KEH T RFHA TR BE, L7 Ki#E 116086

E N TP s R X A% B R, A FH B Mie S IS BN S8 R B0k 78 Bl G LT G 2 A4 i S A 4R
— RS S M T T KT TR AT AN TR I A I R VR AR AR TR AR AN [ Ve ) VR LK A R B A% i I 0 AR RRAE L 25 R
W 2 4 43 0 o 456 nm 524 nm . 620 nm B s 6 TR 2 A [7] AY 7K PR 2R 855 TG 0 30 5% AT O 3R A% A% B s, U K R 456 nm
R 257 TR B4 AR SR R A5 UK O 456 m (9 5 6 TR 28 et B RE AR /NG 50 R 1 pem 2 e A TR K AR B 8 0 % D' Y B
13 RA T 18 4% % B O 4 S 08 T 1 SR8 5 S 5 ad SO R AR Ol 3 pm 4 pm 5 pm BT UK RIS, G 4R O6 IR R R et
2R PR e RSO B 2 . WERIE M T AN ) I B 14 o5 56 U8 28 3 S [ 7 M 0 A 0 B B A A% 6 A A5 8RR KT A IR
B A% B AR AN T 3 4 JE s A ik

KA iR TIIRIEL AR KT UR s R AR

FESES 0435 XEAFRERD A DOI: 10.3788/LOP230709

Simulation Study of Polarization Imaging Model for Mie Scattering
Turbid Water Bodies

Lu Shufang, Zhang Ran, Chen Yongtai, Chu Jinkui’
School of Mechanical Engineering, Dalian University of Technology, Dalian 116086, Liaoning, China

Abstract Based on fused geometric optical imaging, this thesis proposes a theoretical analysis method considering single
Mie scattering theory and the Monte Carlo method to study the influence of turbid water on imaging quality. The proposed
method analyzes the imaging characteristics of a point light source with different wavelengths (456 nm, 524 nm, and
620 nm) is transmitted through a turbid water environment with different particle sizes and concentrations. The results
show that the point light source with wavelength of 456 nm exhibits the best imaging effect when subjected to polarization
imaging transmission in the same water environment and nonscattering environment. In addition, when the 456-nm light
passes through turbid water with scattering particle sizes of 1 pm and 2 pm, the imaging effect of linear polarized light is
better than that of circular polarized light, which is better than natural light. However, while passing through turbid water
with particle sizes of 3 um, 4 pm, and 5 pm, the natural light and linearly polarized light exhibit the best and the worst
imaging effects, respectively. Overall, this paper provides new ideas and methods for underwater polarization imaging
technology.
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Fig. 1 Structure of the light tracing model
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Table 1 Parameters of each lens

Radius of curvature of the

Radius of curvature of the

Name surface 1 /mm surface 2 /mm Centre thickness /mm
Lens_1 75.05 270.7 9

Lens_2 39. 27 0 16. 51
Lens_3 0 25.65 2

Lens 4 —31.87 0 7.03

Lens_5 0 —43.51 8.98

Lens_6 221. 14 —88.79 7.98
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Fig. 2 Diagram of the simulation model experimental setup
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Fig. 3 Simulated experimental images. (a) Grayscale image obtained from the actual observation experiment;

(b) grayscale image obtained after data optimization
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Fig. 4 Polarization angle diagrams. (a) Polarization angle diagram obtained from the actual observation experiment;

(b) polarization angle diagram obtained from the model simulation transmission
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Fig. 5 Polarization degree plots. (a) Polarization degree diagram obtained from the actual observation experiment;

(b) polarization degree diagram obtained from the model simulation transmission
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Fig. 10 Spot light intensity formed by photons with polarization degree greater than 0. 9. (a) 456 nm; (b) 524 nm; (¢) 620 nm
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