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Monte Carlo simulation on channel characteristics of underwater

laser communications

Huang Aiping, Zhang Yingluo, Tao Linwei
(School of Marine Science and Technology, Northwestern Polytechnical University, Xi’an 710129, China)

Abstract: The channel characteristics were investigated for underwater laser communications based on
Monte Carlo simulation method. Using the blue-green laser with wavelength 532 nm, the impulse response
of link was discussed both in theorem and simulation. Also the channel parameters such as the water type,
attenuation length, divergence angle, beam width, received field-of-view (FOV), received aperture were
taken into account. Monte Carlo simulation experiment was verified. Simulation results suggest that in
clear water, the channel can effectively be considered as non ISI when working distance less than 40 m.
Therefore, it practically did not need to perform computationally complex signal processing at the received
end. However, in harbor water, the channel delay spread enlarged with larger received FOV or divergence
angle, and the data transmission efficiency was reduced. When the attenuation length was smaller than the
diffused length, the received intensity decreased with received aperture enlarged. In contrast, the received
intensity enhances with larger received aperture at the small FOV, however, they trend to similar
regardless of the apertures at large FOV. Therefore, the results give us some insight in terms of what
constitutes an accurate underwater laser communication channel.
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Tab.1 Attenuation parameters and diffusion length
of the blue-green laser in clear and harbor

ocean water

Wat
ater a/m™ b/m™! c/m™ {cosB) L
type
Clear 0.037 5 0.1125 0.15 0.87 15.1
Harbor 0.913 0.187 2.19 0.92 30.7
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Fig.1 Flowchart of the Monte Carlo simulation
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Fig.2 Channel impulse response
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Tab.2 Channel time delay and received intensity

for different divergence angles and beam

widthes

c/m™ Z/m Gl (°) w,/cm T/ns 1/dB

0.15 40 0.7 0.3 0.03 -36.75
0.15 40 0.7 3 0.03 -36.77
0.15 40 0.7 30 0.03 -36.78
0.15 40 20 0.3 0.23 -53.27
0.15 40 20 3 0.23 -53.27
0.15 40 20 30 0.23 -54.07
0.15 40 45 0.3 0.13 -61.95
0.15 40 45 3 0.13 -60.22
0.15 40 45 30 0.13 -61.71
2.19 10 0.7 0.3 1.81 -56.45
2.19 10 0.7 3 2.31 -56.48
2.19 10 0.7 30 2.51 -56.44
2.19 10 20 0.3 2.51 -57.99
2.19 10 20 3 2.91 -57.86
2.19 10 20 30 3.01 -57.98
2.19 10 45 0.3 3.51 -61.27
2.19 10 45 3 3.91 -60.98
2.19 10 45 30 4.51 -60.99
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Fig.3 Normalized received power vs received apertures
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Fig.4 Received intensity for different FOVs and apertures
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