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Numerical Simulation of Gaussian Laser Beam Propagation Characteristics
in Seawater Based on Mie Scattering Model
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Abstract To further study the application of Gaussian laser beams in underwater communication and information
detection and the characteristics of the transmission process in different seawater environments, in this study, the most-
common terrestrial suspended sediment particles in seawater were taken as an example. First, Mie scattering theory was
combined with the Monte Carlo method to establish a 520-nm Gaussian laser transmission model in seawater containing
suspended solids, and the effects of particle groups with specific diameters and densities on laser transmission were
studied. Second, the variation in the normalized received power with the initial divergence angle of the laser at different
detection distances was analyzed. The research results indicate the following. 1) When the diameter and density of
suspended sediment particles in the Mie scattering model are changed, thereby changing the extinction coefficient,
scattering coefficient, and asymmetry factor set in the simulation, the received power of the detection target decreases
exponentially with increases in scatterer diameter, density, and transmission distance. 2) Within a certain range, the
change in the initial divergence angle does not affect the power of the receiving surface, and this range decreases with
increases in the scattering coefficient and transmission distance. The research method used lays a theoretical foundation for
further analyzing the changes in Gaussian laser transmission characteristics in seawater containing complex particle groups
(suspended bubbles, planktonic algae, and suspended sediment) and provides reference for related engineering estimates.
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Table 1 Summary of effects of different substances in seawater on laser transmission

[16]

Volume

Component Absorption coefficient Scattering coefficient scattering
coefficient

Pure seawater Closely related to wavelength, with the smallest ~ Rayleigh scattering, inversely proportional Isotropic

blue-green zone

Suspended

As the wavelength changes, the scattering coefficient is greater than absorption coefficient

sediment particles

Compared to suspended sediment particles, planktonic algae have stronger absorption and

Planktonic algae

weaker scattering effects on light

Short wavelength absorption increases, and
Yellow substance o
strength of absorption is related to matter

to the 4th power of wavelength

Produce strong
forward scatter

Produces strong

forward scatter

Negligible Negligible

Suspended . ) ) o ) Mainly forward
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Table 2 Optical parameters of seawater containing particles with different diameters (number of particles N=10"")

Particle diameter D /pm  Absorption coefficient a/m ™'

Scattering coefficient H/m

' Attenuation coefficient ¢/m~'  Asymmetric factor g

1 0. 01902 0. 02205 0. 04107 0. 60000

3 0.01966 0.16770 0.18736 0. 71060

4 0. 02032 0. 27441 0. 29473 0. 78524
3 HAFE AT Oh T HAR D=3 pm) KL 28

Table 3

Optical parameters of seawater containing particles with different densities (particle diameter D=3 pum)

Number of particles Absorption

1

per unit volume N coefficient a/m "~

Scattering

coefficient 6/m "

Attenuation

coefficient ¢/m! Asymmetric factor g

10" 0.01966 0.16770 0.18736
510" 0. 02230 0.82867 0. 85097 0.7106
10" 0. 02560 1. 65490 1. 68050
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Fig.6 Normalized receiving power of Gaussian laser beam varies with transmission distance. (a) Diameter of sediment particles in

seawater is different; (b) density of sediment particles in seawater is different
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Table 4 Fitting results

Particle parameters in seawater
D=1 pm,N=10"
D=3 pm,N=10"
D=4 ym,N=10"
D=3 pm,N=5x10"
D=3 pm,N=10"

Fitting result
I=1.001exp( — 0. 04094x )
I=1.006exp( — 0. 1831x)
I=1.009exp( — 0. 2932x)
I=1.0l4exp( — 0. 8065x)
I1=0.9928exp( — 1. 54x)
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