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Abstract: It is difficult to improve the reliability of underwater acoustic communication (UAC) due to the
long-time delay and severe frequency fading of underwater acoustic channels. On the other hand, there are
always some source residual redundancies in practical UAC. Traditional methods cannot use these redundancies.
That leads to some waste of bandwidth. To overcome these problems, a joint source-channel decoding algorithm
based on polar codes for UAC is proposed. According to the decoding structure of polar codes, the joint source-
channel decoding trellis is constructed based on the source transfer relationship. The posterior probabilities are
computed by combining the source transfer probability and the channel transfer probability. In this way, the
source decoding and channel decoding are optimized jointly. This algorithm can take advantage of the source
residual redundancies for error control decoding and can improve the reliability of UAC without reducing the
communication rate. The lake experimental results show that the proposed algorithm can reduce the bit error
rate (BER) from 1.9x1072 of the traditional separate decoding algorithm to 4.0x10~%. When transmitting
photographs, the proposed algorithm can reduce the BER from 3.7x1072 of the traditional separate decoding
algorithm to 0.
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X1y — 0 1 -1 -2 2 3 4 -3
0 0.684 0.151 0.152 0.007 0.006 2.36x107° 1.53x107° 1.53x107°
1 0.341 0.084 0.463 0.111 5.53x10~% 1.53x107° 1.53x10~° 7.10x10~°
-1 0.330 0.482 0.084 2.60x10~4 0.104 7.18x107% 1.53x10~° 1.53x107°
-2 0.086 0.490 0.001 1.53x107° 0.423 3.64x10~% 1.53x107° 1.53x10~5
2 0.086 0.003 0.475 0.411 0.014 0.010 1.53x10~% 3.69x10~*
3 0.002 1.53x107° 0.012 0.005 0.270 0.672 0.039 1.53x1075
4 1.53x107°% 1.53x107% 1.53x107° 1.53x1075 1.53x10~° 0.125 0.875 1.53x107°
-3 0.143 0.857 1.53x107°% 1.53x107% 1.53x107° 1.53x107° 1.53x107% 1.53x107°
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Fig. 4 Simulation results in AWGN channel
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