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Method of laser-generated sound with n-MFSK modulation
for air-water trans-media communication

HUANG Jinxin', ZHOU Zhiquan', CAO Yifei', ZHAO Yang'*®
(1. School of Information Science and Engineering, Harbin Institute of Technology, Weihai, Weihai 264209, China; 2. Weihai
City Key Laboratory of Photoacoustic Testing and Sensing Technology, Weihai 264209, China)

Abstract: In order to improve the laser acoustic communication technology between air platforms and underwater objects,
the n-multifrequency shift keying ( n-MFSK) modulation method was proposed to further enhance the laser acoustic air-water
cross-media communication rate. Based on the thermal expansion effect of laser acoustic, the modulation methods of the long-
pulse-duration laser method and the high repetitive rate method were defined and simulated. The result was obtained that 2-MFSK
modulation doubles the communication rate on top of 2-FSK modulation for a modulation frequency number of 2. The n-MFSK
modulation was achieved by the long-pulse-duration laser method, mainly through the laser array by means of frequency
superposition, and the high repetitive rate method by controlling the allocation of time periods on the time domain of the laser
frequency change. The results show that as the number of modulation frequencies increases, n-MFSK modulation can increase the
communication rate and improve the band utilization relative to n-frequency shift keying (n-FSK) modulation at the cost of loss of
the sound pressure level (SPL) and in-water-range. This study provides a reference for the practical application of laser acoustic
air-water cross-media communication in the future.

Key words: optical communication; laser acoustics; n-multifrequency shift keying; thermal expansion effect; long-pulse-

duration laser method ; high repetitive rate method
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Table 1  Simulation parameters of long-pulse-duration laser method ! '°

parameter value
laser wavelength 1053 nm
pulse width 2 ms
peak power 25 kW
coefficient of thermal expansion 2x107*c ™!
laser beam radius 6 mm

specific heat capacity of liquids 4.17x10° J - kg’] CK!

speed of sound in liquids 1500 m/s
optical absorption coefficient 15.7 m~!
optimal center frequency 10 kHz
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lation results
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Table 2 Comparison of n-FSK and n-MFSK modulation by long-pulse-dura-

tion laser method

modulation data rate/ bandwidth/ SPL/ in-water

method (bit = s7") kHz dB range/m
2-FSK 10 1 137 708
4-FSK 20 2 137 708
8-FSK 30 4 137 708
16-FSK 40 8 137 708
2-MFSK 20 1 131 355
3-MFSK 30 1.5 128 251
4-MFSK 40 2 125 178
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Table 3 Simulation parameters of high repetitive rate method 2]

parameter value
laser wavelength 1060 nm
pulse width 8 ns
single pulse energy 100 mJ~800 m]J
optical absorption coefficient 13.7m™'
angle of observation from the vertical 1.31 rad
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Table 4  Comparison of high repetitive rate method n-FSK and n-MFSK
modulation
modulation data rate/ bandwidth/ SPL/ in-water
method (bit - s7") kHz dB range/m
2-FSK 20 1 139 897
4-FSK 40 2 139 897
8-FSK 60 4 139 897
16-FSK 80 8 139 897
2-MFSK 40 1 133 459
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