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Wavelength-adaptation technique for LED-based underwater data

communications using visible light

Xin Lin'* and Takao Sawa?

A method of underwater wireless communications using visible-light radiation is proposed for high-speed data
transmission and recovery in deep-sea environment. Acoustic communication technology is effective and has been used
for underwater data transmissions because the underwater propagation distance of acoustic wave is farther than in the air.
But its data transmission rate is lower, and its propagation direction maybe are refracted and changed by the nonuniformity
of acoustic-speed distribution when the temperature changes of seawater, causing the unstable communication. On the
other hand, visible-light wave with wavelength of 380 nm—780 nm is an excellent medium for application in underwater
wireless communications, which has received much attention. Its attractive features are very low energy decay rate in
seawater, easily control the propagation direction and position range by the visibility, and potential high data rate and
capacity. However, visible-light waves in the seawater have the spectral attenuation characteristics due to different marine
environment. So in this paper, an automatic-control method of data transmission with wavelength-adaptation function is

considered for different seawater turbidity.
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Fig. 1. Internal and external noises for underwater acoustic
communication device.
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Fig. 2. The absorption decay of electromagnetic waves (radio and
light waves) in the sea. (This is a reprint figure from “Marine Acoustics
Society of Japan ed. (2014), Fundamentals and applications of marine
acoustics, Seizando-Shoten, p.27, figure 4.3.”)
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Fig. 3. Bidirectional optical wireless data transmissions between the
AUV and the seafloor observatory. VLC: visible light communication.

[X3. AUV & HEAT — 3 a v M oOSGEEAT T — & fmk A A — .

I scattering
(changing the direction of the light)

1 radiant beam

1. (converting to other energy)

seawater
(translucent body)

|< L >|

Fig. 4. The physical model of light propagation in seawater.
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Fig. 5. Spectral attenuation of visible light in seawater: (a) attenuance
K(2) and (b) spectral attenuation. (Fig. 5(a) is a reprint figure from
“R. Tsuda (1985), Kaiyo kougaku keisokuho, Y. Sugimori and W.
Sakamoto eds. (1985), Kaiyo kankyo kogaku, Tokai University Press,
p-150, figure 4-24.)
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