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Abstract

Currently, research on non-line-of-sight underwater wireless optical communication mainly fo-
cuses on the scattering effect of particles in the water on photons and utilizes the multiple scattering
of particles in the water to realize transmission. However, in the near-sea surface scenario, the scat-
tering effect of the rough sea surface on photons should not be neglected as well. In this paper, the
scattering effect of rough sea surface is fully considered, and it is proposed to establish a laser
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underwater joint scattering channel, which utilizes the joint scattering of rough sea surface and wa-
ter particles for transmission. The effects of different transmission distances, seawater environ-
ment, sea surface roughness, and transceiver system configuration on the path loss of the joint scat-
tering channel are simulated and analyzed. The results provide important theoretical support for
the design and optimization of non-line-of-sight underwater wireless optical communication sys-
tems.
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Table 1. Typical values of absorption, scattering and attenuation coefficients for the three main types of seawater

1 ZHEZRANEKARYL. B FRR R SR EE

KA Wl A% a(4)/m™ s R %b(2)/m™ AR c(A)/m™
TR K 0.069 0.080 0.149
WK 0.088 0.216 0.305
WK 0.295 1.875 2.170
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Figure 1. Schematic of the geometry of the Rayleigh criterion
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Figure 2. Schematic diagram of the incident rough surface of a
light wave
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Figure 3. Modeling of non-line-of-sight laser underwater joint scattering channels
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Figure 4. Monte Carlo simulation flowchart
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Figure 5. Photon joint scattering path diagram
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Figure 6. Impact of changes in the marine environment on path loss: (a) short distances; (b) long distances
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variation on path loss
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