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A Study on Effective Decoding Method for
Improving the Throughput in the Time-Varying

Underwater Communications

Baek, Chang Uk

Department of Radio Communication Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

The transmission of acoustic waves is limited because of various factors
such as water temperature, salinity and depth in the underwater acoustic
communication with a multi-path channel environment. Also the
underwater acoustic communication uses low frequency band relative to

wireless communication. For the these reasons the performance is limited.

It is well known that underwater channels are often hostile for
underwater sensor communications, which impose three major obstacles
for coherent transceivers. One is the excessive multipath delay spread in
a underwater channel, which usually causes the inter-symbol interference
(ISD. Another obstacle is the doppler shift due to the relative motion
between the source and the receiver, which causes compression or
dilation on the received signals. The last one is the fast time-varying

phase drift due to random nature of the underwater acoustic channels.

Various methods to cope with the multipath effect have been

_iV_



developed. A well-known method to counteract ISI is the decision
feedback equalizer (DFE), which has been used in many underwater
sensor communication applications. However the use of DFE has
difficulties when the multipath with a number of arrivals has equal
strength or low SNR. The other way to cope with ISI is to use an iterative
equalizer which consists of an outer loop in addition to the inner loop
BCJR decoder in the receiver. The assembly utilizes the error correcting

capability of the convolutional codes to get an efficient equalizer.

Alternatively, to cope with multipath effect, this thesis adjust the packet
length according to the channel coherence time. Due to the very short
coherence time only small packet size was transmitted. This caused the
throughput decreased. To achieve a high throughput, in this thesis divide
a long packet into group of small consecutive packets, and use the
estimated channel information of previous packets to compensates for the

current and next packets.

In this thesis employ an iterative receiver structure with fine-tuned
parameters to process experimental data from a fixed source to a fixed
receiver at the data transmission rate of 1 k-symbol/s. The results
indicate that the proposed algorithm works effectively well and how much
coding gains can be obtained as the iteration number increases. Finally,
this thesis concluded that proposed effective decoding method is

improving the throughput in the time-varying underwater communications.

KEY WORDS: Underwater communication; Channel coding; BCJR; Turbo code; Turbo
equalizer; High-throughput.
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Table 2.1 Parameters for underwater acoustic communication experiment

Source 472 bit text
Channel coding 2,17 AEZFH B35 | BHH 7235
Modulation QPSK
Packet Size(D,) 472 [symbols]
Bit rate 1 [kbps]
Center frequency 16 [kHz]
Sampling frequency 192 [kHZ]
Distance 400 [m]
Water depth 43 [m]
Depth Tx : 2 [m], Rx : 20 [m]
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Table 2.2 Experimental results of turbo equalizer based on the

convolutional coding method

Trial Uncoded error Decoded error Iteration
1 1.7x10" 1 0 3
2 0.68 <10 0 1
3 0.21 10! 0 1
4 1.2x10 ! 0.084 <10 ! 3
5 4.2x1071 4.68 <1071 3
6 0.14%10"" 0 1
7 0.80x10"* 0 1
8 0.91x10 ! 0 1
9 0.84x10 ' 0 1
10 0.44%10" " 0 1
11 0.31x10~" 0 1
12 1.2x10"" 0.063 <10 ! 3
13 0.94x10"" 0 1
14 0.24x10"* 0 1
15 0.14x10"* 0 1
16 1.0x10" ! 0 2




Table 2.3 Experimental results of turbo equalizer based on the

turbo coding method

Trial Uncoded error Decoded error Iteration
1 0.33x107* 0 1
2 0.14 10! 0 1
3 0.13x10"" 0 1
4 1.01x<10"* 0 1
5 0.28 10! 0 1
6 0.15x10"* 0 1
7 0.31x107" 0 1
8 5.01 10" 4.78 <1071 3
9 0.23x10 ! 0 1
10 0.27 %10 ! 0 1
11 0.27 107" 0 1
12 1.6910 ! 0.46 10" 3
13 0.03x10"* 0 1
14 0.06 <1071 0 1
15 0.95x10" " 0 1
16 1.00 <10 ! 0 1
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Table 4.1 Parameters for underwater acoustic communication experiment

Source 500 bit text
Channel coding (2,1,7) Convolutional code
Modulation QPSK
Packet Size(D,) 500 symbols
Bit rate 1 [kbps]
Center frequency 16 [kHz]
Sampling frequency 192 [kHz]
Distance 400 [m]
Water depth 43 [m]
Depth Tx : 2 [m], Rx : 20 [m]
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Table 4.2 Number of errors according to conventional coding method

Interval # 1 2 3 4 5

R D, (1000 bits) 352 | 600 | 528 | 264 | 433
Z:l D, 1000 bits) | 637 | 608 | 528 | 285 | 700
3} (2000 bits) 989 | 1208 | 1056 | 549 | 1133

s | D (1000 bits) 348 | 448 | 176 | 272 | 343
%7 D, (1000 bits) | 624 | 580 | 300 | 200 | 405
F 2R & 000 bits) or2 | 1028 | 476 | s62 | 748
| b, @000 ity 336 | 218 | 48 | 4314 | 469
%j;z D, (1000 bits) | 521 | 508 | 95 | 458 | 488
3} (2000 bits) 857 | 726 | 143 | 892 | 957

D, Goobity | 244 | 139 | o | 261 | 261

13 | D, (500 bits) | 253 | 262 | o | 261 | 2%

% (1000 bits) | 497 [ 401 | o | s22 | 485

g D, 600 bt | 251 | 65 o | 243 | o5
wE |28 | D, Goobitsy | 251 | 352 | o | 265 | 236
2 F & 000 bits) | 502 | 417 | o | s08 | 4s1
D, G0 bits) | 236 [ o o | 262 | 25

35 | D, (500 bits) | 249 | 302 | o | 244 | 252

% (1000 bits) | 485 | 302 | o | 506 | 497

Decoded error (1000 bits) 485 302 0 506 497

Fig. 4.4% Table 4.29] 2% 715ol tis] dlolg] W% b, # Do e A%
Uebich Aol R uwlg) Interval #1olA4 Interval #5714 9]

F MFE vekdth A WA dolE siZl D, 500 bits oF F WA H o] H
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Table 4.3 Number of errors according to proposed coding method

Interval #2 71 &4 A}t W4
D, (1000 bits) 600 600
>l
o= D, (1000 bits) 608 608
3} (2000 bits) 1208 1208
=z D, (1000 bits) 448 448
A D, (1000 bits) 580 580
T R 3} (2000 bits) 1028 1028
e 3 D, (1000 bits) 218 218
0312: D, (1000 bits) 508 508
3} (2000 bits) 726 726
D, (500 bits) 139 139
18] | D, (500 bits) 262 238
3} (1000 bits) 401 377
e D, (500 bits) 65 65
e | 23] | D, (500 bits) 352 110
27 3} (1000 bits) 417 175
D, (500 bits) 0 0
33] | D, (500 bits) 302 0
3} (1000 bits) 302 0
Decoded error (1000 bits) 302 0
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