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Abstract: For the practical application of the underwater robot cluster communication platform,
there are the problems of the Doppler effect and bit errors generated due to susceptibility to water
quality and obstacles. In this paper, an underwater bionic electric field communication system
based on the perception mechanism of weak electric fish is proposed. According to the principle of
bionic current field communication, the communication system transmits signals through two
pairs of transmitting and receiving electrodes. A set of digital-analog hybrid circuit using field
programmable gate arrays (FPGA) based on the principle of amplitude shift keying is designed.
At first, to achieve a miniaturized system with low power consumption, the analog circuit is rea-

sonably selected by the component model. Circuits are placed, routed and patterned. The specific
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transmitting circuit includes an amplitude shift keying modulation circuit and a half-bridge drive
amplifier circuit. The potential difference between the two ends of the receiving electrode is ex-
tracted by using a low-zero-drift high-precision instrumentation amplifier. Secondly, in order to
improve the stability of the communication system when the communication distance of the under-
water robot cluster changes in real time, the programmable amplifier is controlled by gain control
digital circuit in the FPGA to realize the adaptive multiple amplification. Then this system uses
analog-to-digital conversion digital drive circuit in FPGA to drive the analog-to-digital conversion
chip to convert analog signals into digital signals. Finally, after the signal is rectified by the recti-
fication filter digital circuit, the amplitude shift keying non-coherent demodulation digital circuit
is designed to output the binary demodulation data. The signal is transmitted to the Raspberry Pi
through the serial port circuit for processing. The influence of obstacles of different sizes and dif-
ferent shapes on underwater electric field communication is simulated and analyzed, and the un-
derwater communication experiment is carried out. The results show that the underwater electric
field communication system can transmit information with a bit error rate of 0 when the communi-
cation distance is 2. 4 m under the condition of conductivity of 4. 87X 10" S/cm in fresh water.
When the transmitting and receiving electrodes of underwater electric field communication are
parallel, the communication performance is the best.

Keywords: underwater robot; underwater communication; digital communication system; FPGA
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Fig. 1 The relationship curve between a quasi-static

electric field and a communication frequency
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Fig. 3 Electric field potential distribution in water
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Fig. 4 ASK envelope de-modulation schematic
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Fig. 5 Underwater electric field communication system
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(0. 005,0.01] 400 1010
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Table 3 Influence of obstacles on electric field strength

BIGmE/(Vem™ )

RAF/m
1EJ7 ik BRIk
1.0 0.022 76 0.024 96
1.5 0.020 93 0.023 93
2.0 0.017 22 0.020 28
2.5 0.014 48 0.017 21
3.0 0.008 88 0.012 57

ARSI B A R IR PN KT HL 358 15
R — X EFE 40 cm B A (40 mm X 40 mm
X1 mm) ,—XFAEE 15 em & S HL A% A (10 mm X 10
mmX1 mm) . PC LI} 3 mX2 mX30 cm 7K, 7K
b T K Y S R S Ry 4. 87 X107 S/ em, HoHr
RULK T L7 R REWE 17 s, S5 345 W
18 R A T Bl 7K A S 06 4 H B AR B T K
HEoK T HLIE {5 &R G AE Kt 55, 8 PC AR 1
W) T A F W E R R,

/ B3 m)}
Q Yy P
4

=h |4 el
55 o

17 NERIOK T IR RS

Fig. 17 Miniaturized underwater electric field communica-

tion system
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Fig. 20 Underwater electric field communication angle

experiment
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