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Abstract: Underwater wireless optical transmission faces the problems of power attenuation and time
domain width enlargement, the long—distance transmission characteristics of blue—green light are also more
difficult to test. Monte Carlo method is used to investigate the process of underwater Gaussian beam, the
effects of channel parameters such as water type, attenuation distance and divergence angle on the received
power and impulse response are taken into account, power distribution on the receiving surface with
different seawater types and transmission distances under small divergence is also numerically compared.
The simulation results show that the received power decreases gradually and the time-domain width
expands greatly with the increase of seawater attenuation coefficient, attenuation distance and divergence
angle, among them, the influence of divergence angle on the transmission distance of turbid harbor water
above 10 m is small, while the width of time domain changes from 0.32 ns to 0.8 ns with the increase of
divergence angle. Although the transmission distance is doubled, the power similarity is still up to 99% in
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pure sea water and clear ocean water. Then based on the difference of seawater attenuation coefficient, we
propose the power similarity and area ratio to analyze underwater long—distance transmission, so as to
obtain the long—distance transmission characteristics more efficient and quicker.

Key words: Underwater wireless optical transmission; Blue—green light; Monte Carlo method; Gaussian
beam; Impulse response; Long—distance transmission
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Table 1 Values of a, b and ¢ for different water types

Water types a/m™! b/m™! ¢/m™
Pure sea water 0.053 0.003 0.056
Clear ocean water 0.114 0.037 0.151
Coastal ocean water 0.179 0.219 0.398
Turbid harbor water 0.295 1.875 2.17
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Fig. 1 Schematic diagram of the photon initial coordinate and initial transmitting direction
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Fig. 2 Flow of Monte Carlo simulation
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Fig. 3 Normalized amplitude of received power with different distance and divergence angle
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Table 2 Normalized received power in the circle with different distance and divergence angle

0/mrad Si/m 20R 40R 80R
11 4.88 26.15 123.88
0.2 13 13.47 24.56 110.10
15 1.04 18.46 57.77
11 6.60 26.72 104.55
0.5 13 2.07 8.73 44.09
15 7.52 41.63 101.83
11 4.94 27.27 134.32
1 13 13.53 40.65 152.07
15 2.71 17.58 79.58
11 2.68 10.05 36.62
2 13 4.57 19.94 76.89
15 4.34 23.77 94.16
11 3.41 13.46 48.42
5 13 5.38 21.47 78.69
15 4.40 16.89 61.91
11 3.92 14.29 40.76
10 13 3.79 14.45 40.04
15 4.21 15.81 41.18
11 3.74 18.84 48.61
20 13 3.67 14.31 55.63
15 3.595 18.95 42.52
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