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Abstract

Underwater acoustic communications uses sound waves and a low frequency.
Communication 1is performed in which frequency bandwidth is limited.
Research on underwater acoustic communications continue. In underwater
acoustic communications, the performance is influenced by underwater channel
characteristics. Underwater channel characteristics are determined by
transmission loss, multipath, transmission, Doppler influence and noise. The
signal 1s modified and received according to the channel characteristics. A
synchronous communication system 1is required for PSK signals and
inter-symbol interference (ISI) and frequency and phase change are greatly
affected by the influence of multiple paths. Data recovery is performed by an
algorithm that combines an equalizer and a phase-Locked loop. Simulation
and long-range sea experiments were conducted to verify performance. The
performance results of the ideal case were confirmed through simulation and
the success of data recovery was confirmed for various cases such as data
rate, distance, and transmission signal length change through long-range sea
experiments. Two long-range sea experiments were conducted and in the
first long-range sea experiment five repetitive experiments were performed on
signals with a length of 846 bits. In the second long-range sea experiment,
the experiments were performed on signals with a length of 2010 bits. It was
confirmed that data recovery was performed in many cases and it was
confirmed that it was difficult to recover data in case of poor channel
environment. It was confirmed that the Decision-Directed method, combination

of the feedback filters, the parameter setting affect the performance.
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Table 1. Simulation parameter

Parameters Value
Modulation BPSK
Data rate 100 bps
Preamble 510 bit
Random data 1680 bit
Frequency offset 1.5 Hz
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Table2. 2020 sea experiment parameter

Parameters Value
Modulation BPSK
Tx - Rx distance 20 km
Data rate 100 bps
Transmitter depth 200 m
Receiver depth 179 ~ 221 m
Carrier frequency 1.8 kHz
Preamble data 510 bit
Random data 336 bit
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Table 3. 2020 sea experiment BER result

Channel

Frame ch#8 ch#13 chi#16 vl
framel 0 0 0
frame?2 0 0 0 0.3 o<l
frame3 0.02 0 0 735 wWhzhA
frame4 0.38 0.45 0.18 B
frameb 0.18 0.14 0.13
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Fig.22. 2022 sea experiment environment
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Table 4. 2022 sea experiment parameter

Parameters Value
Modulation BPSK
Distance 32 [ 68 km
Data rate 100/200/500/1000 bps
Transmitter depth ~ 100 m
Receiver depth 200 ~ 375 m
Depth ~ 1000 m
Sampling frequency 100 kHz
Carrier frequency 3.2 kHz
Preamble data 510 bit
Random data 1000/1500 bit
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Table 5. Filter structure

Filter number Structure
Filter 1 DFE + DD tan '(Preamble + Decision data)
Filter 2 FFE + DD tan™ '(Preamble + Decision data)
Filter 3 FFE + DD tan™ '(All preamble)
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Fig.30. Filter 1 PLL result(ch#5_1000bps), (a) Phase detector output, (b) Loop filter

output, (c) VCO output, (d) VCO cumulative result
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Table 6. 2022 experiment 32km 1% BER result

pon el | ch##h chi6 ch#7 ch#8 H 1
100 bps 0 0 0 0.32 .
200 bps 0 0 0.46 0 |
500 bps 0 0.02 0.06 o | TN
1000 bps | 0.1 0.17 0.21 0.11
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Table 7. 2022 experiment 32km 2™ BER result

D el chi#gs ch#6 ch#7 ch#8 H 1
100 bps 0 0 0 0.03 o
200 bps 0 0.18 0.01 0 | i
500 bps | 0.07 0 0.18 041 | T
1000 bps 0.23 0 0.24 0.66

Table 8. 2022 experiment 68km 1% BER result

o el chit ch#6 ch#7 ch#8 H 1
100 bps 0.06 0 0.01 0 e
200 bps 0.16 0 0.02 001 | 22708
500 bps 0.18 0.01 0.17 0.03 | "o
1000 bps 0.49 0.08 0.51 0.09

Table 9. 2022 experiment 68km 2" BER result

Do e chi#gh ch#6 ch#7 ch#8 H 1
100 bps 0.47 0 0 0 .
200 bps 0.49 0 0 048 | 2 0%
500 bps | 051 0 0.05 o |
1000 bps 0.5 0.02 0.26 0

Table 10. 2022 experiment 68km 3" BER result

I B 5 ch#6 ch#7 ch#8 plid
100 bps 0.18 0 0 0.01 i,
200 bps 0.01 0 0 001 | »2° 0%
500 bps 0.06 0.05 0.02 0.06 | .
1000 bps 0.45 0.48 0.49 0.45
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Table 11. 2022 experiment 32km 1% BER result

Channel

_39_

Data rame ch#5 ch#6 ch#7 ch#8 Ll
100 bps 0 0 0 0 o
200 bps 0 0 0.61 0 |2
500 bps 0.01 0.03 0.1 0.1 | T
1000 bps 0.15 0.17 0.18 0.16

Table 12. 2022 experiment 68km 2™ BER result

Data rame chemnel ch#5 ch#6 ch#7 ch#8 B3
100 bps 0 0 0 0.05 N
200 bps 0 0.02 0 0 A
500 bps | 0.07 0 017 | 036 | T
1000 bps 0.23 0 0.25 0.68

Table 13. 2022 experiment 68km 1% BER result

It B 5 ch#6 ch#7 ch#8 plikd
100 bps 0.06 0 0.01 0 o
200 bps 0.11 0 0.02 002 | 20
500 bps 0.17 0.01 0.18 0.03 | "
1000 bps 0.5 0.1 0.49 0.09

Table 14. 2022 experiment 68km 2" BER result

Data rame ch#5 ch#6 ch#7 ch#8 Ll
100 bps 0.4 0 0 0 e
200 bps 0.48 0 0 05 | 23°%%
500 bps 0.49 0 0.04 0 e
1000 bps 0.5 0.02 0.32 0

Table 15. 2022 experiment 68km 3™ BER result

I B 5 ch#6 ch#7 ch#8 H 1
100 bps 0 0.01 0 0.01 e
200 bps 0.02 0 0 002 | »2° 0%
500 bps 0.09 0.05 0.02 0.05 | L
1000 bps 0.45 0.47 0.49 0.44
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Table 16. 2022 experiment 32km 1% BER result
I B 5 ch#6 ch#7 ch#8 H 1
100 bps 0 0 0 0 e
200 bps 0 0 0.1 0 |
500 bps 0.01 0.02 0.04 01 | "
1000 bps 0.12 0.16 0.11 0.08
Table 17. 2022 experiment 32km 2™ BER result
Data rame ch#5 ch#6 ch#7 ch#8 Ll
100 bps 0 0 0 0.02 e
200 bps 0 0.01 0 0 |
500 bps 0.03 0 0.11 0.09 | "
1000 bps 0.03 0 0.11 0.15
Table 18. 2022 experiment 68km 1% BER result
It B 5 ch#6 ch#7 ch#8 H 1
100 bps 0.06 0 0.01 0 e
200 bps 0.11 0 0.02 002 | 2 0%
500 bps 0.16 0.01 0.17 0.03 Ten
1000 bps 0.52 0.07 0.21 0.07
Table 19. 2022 experiment 68km 2™ BER result
It B 5 ch#6 ch#7 ch#8 plid
100 bps 0.23 0 0 0 e
200 bps 0.52 0 0 05 | 20
500 bps 0.47 0 0.05 0 e
1000 bps 0.51 0.01 0.11 0.01
Table 20. 2022 experiment 68km 3™ BER result
Data rame chamnel ch#5 ch#6 ch#7 ch#8 Ll
100 bps 0.01 0 0 0.01 e
200 bps 0.02 0 0 002 | 205
500 bps 0.08 0.04 0.02 0.03 Ten
1000 bps 0.43 0.34 0.35 0.31
g Ade
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