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Influence of underwater composite channel on performance of GMSK

wireless optical communication system
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Abstract: The absorption and scattering of light in seawater channel cause signal attenuation, and the turbulence
of seawater causes signal amplitude fluctuation, both of which will reduce the bit error rate (BER) performance of
underwater wireless optical communication (UWOC) system. The effects of the two channel characteristics on the
signal performance were considered comprehensively, and a method was proposed to equate the transmission
distance and turbulence probability density function to the system signal-to-noise ratio (SNR) and turbulence
noise, and then the signal attenuation and turbulence noise were combined into the signal waveform to establish
the underwater composite channel signal transmission model. According to the experimental system parameters,

the signal transmission waveforms of Gaussian minimum frequency shift keying (GMSK) modulation under
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composite channel were simulated, and the one-bit difference demodulation algorithm was used to compare the

demodulated waveforms with the original waveform, and the influence relationships of composite channel on the

system BER performance was analyzed. The simulation experiment results show that, compared with on-off
keying modulation (OOK), pulse position modulation (PPM), GMSK system can obtain the SNR gain of 3.3 dB,

4.8 dB respectively only in the attenuation channel with seawater attenuation coefficient of 0.151 m™". Under the

composite channel, GMSK modulation performance is superior to OOK modulation and PPM modulation. When

the water attenuation coefficient is 0.151 m™', and turbulence intensity variance is smaller than 0.16, GMSK

modulation system has no error rate limit, the system BER is decided by signal attenuation and turbulence noise

and Gaussian noise together, GMSK modulation achieves SNR gain of 4.35 dB compared with PPM modulation.

Furthermore, turbulence intensity variance is greater than 0.16, system BER arrives limit, which value is

determined by the turbulence intensity, and the limit value of BER increases nonlinearly with the increase of

turbulence intensity.

Key words: underwater wireless optical communication;

turbulence logarithmic intensity variance;
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Tab.1 Absorption, scattering and attenuation coefficients of different water qualities

Water types Absorption coefficient/m ™ Scattering coefficient/m™ Attenuation coefficient/m™
Pure sea water 0.041 0.003 0.044
Clear ocean water 0.114 0.037 0.151
Coastal ocean water 0.179 0.219 0.398
Turbid harbor water 0.366 1.824 2.190
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Tab.2 System parameters

Parameter Value
Launch aperture radius/mm 40
Receiving aperture radius/mm 75
Half angle of beam divergence/mrad 0.6
Original sequence length 10°

Transmit power/W 1

Water quality attenuation coefficient/m™' 0.151
LD Wavelength/nm 532
Detector conversion gain of APD430A2/V-W' 10°
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