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ABSTRACT: The convolution code(CC) of code rate 1/2 as a forward error correction (FEC) in Quadrature Phase
Shift Keying (QPSK) is applied to decrease bit error rate (BER) by background noise and multipath in shallow
water acoustic channel. Ratio of transmitting signal bandwidth to channel coherence bandwidth is defined as
frequency selectivity index. BER and bit energy-to-noise ratio gain of transmitted signal according to frequency
selectivity index are evaluated. In the results of indoor water tank experiment, BER is well matched theoretical
results at frequency selectivity index less than about 1.0. And bit energy-to-noise ratio gain is also matched
theoretical value of 5 dB. BER is effectively decreased at frequency selective multipath channel with frequency
selectivity index higher than 1.0. But bit energy-to-noise ratio greater than a certain size in terms of CC weaving
is effective in reducing bit errors. In the results, the defined frequency selectivity index in this study could be
applied to evaluate a performance of CC in multipath channel. Also it could effectively reduced BER in a low speed
underwater acoustic communication system without an equalizer.
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Table 1. Frequency selectivity index of each signal
bandwidth (B.= 95 Hz).

Signal bandwidth B, (Hz) Frequency sge/cg)wty index :
50 0.53

B, of QPSK 100 1.05

with 1/2 CC 200 2.11
400 421
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Table 1:2:2} 2145 A15.0] et A ] k4= Al
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Table 2~59} 20| U3 B,/ B.o| A B/ N, 7} 22
Zhol| A= QPSK 2] BER©] 2}l 2 Zhoj A= QPSK/
CCS] BER®| 2t} whehs] YA A7) o]4+e] B/ N,

Table 2. BERs to £/, of QPSK (left) and QPSK/CC
(right) for frequency selectivity index of 0.53 (sps:
50).

E/N, BER E/N, BER
0 dB ~6x107 0 dB ~5x107
2 dB ~4x107 2 dB ~1x10°
4 dB ~6x10° 4 dB 0
6 dB ~1x10° 6 dB 0
8 dB ~1x10™ 8 dB 0
10 dB 0 10 dB 0
12 dB 0 12 dB 0
14 dB 0 14 dB 0
16 dB 0 16 dB 0
18 dB 0 18 dB 0
20 dB 0 20 dB 0

Table 3. BERs to £/N, of QPSK (left) and QPSK/ CC

(right) for frequency selectivity index of 1.05 (sps:
100).

E/N, BER EJ/N, BER
0 dB ~1x10" 0 dB ~3x10’"
2 dB ~7x107 2 dB ~2x107
4 dB ~2x107 4 dB ~4x10™
6 dB ~7x10° 6 dB 0

8 dB ~8x10™ 8 dB 0
10 dB 0 10 dB 0
12 dB 0 12 dB 0
14 dB 0 14 dB 0
16 dB 0 16 dB 0
18 dB 0 18 dB 0
20 dB 0 20 dB 0
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Table 4. BERs to 7/N, of QPSK (left) and QPSK/ CC
(right) for frequency selectivity index of 2.11 (sps:
200).

A7), AR

E/N, BER E/N, BER
0 dB ~1x10" 0 dB ~4x10"
2 dB ~1x10" 2 dB ~3x10"
4 dB ~1x10" 4 dB ~2x10"
6 dB ~6x107 6 dB ~2x107
8 dB ~2x107 8 dB ~1x107
10 dB ~1x10? 10 dB 0
12 dB 0 12 dB 0
14 dB 0 14 dB 0
16 dB 0 16 dB 0
18 dB 0 18 dB 0
20 dB 0 20 dB 0

Table 5. BERs to /N, of QPSK (left) and QPSK/ CC
(right) for frequency selectivity index of 4.21 (sps:
400).

EJ/N, BER E/N, BER
0 dB ~3x10" 0 dB ~5x10™"
2 dB ~2x10" 2 dB ~5x10""
4 dB ~2x107" 4 dB ~4x10™"
6 dB ~1x10" 6 dB ~2x10""
8 dB ~9x107 8 dB ~7x107
10 dB ~4x107 10 dB ~6x10™
12 dB ~2x107 12 dB 0
14 dB ~1x107 14 dB 0
16 dB ~4x10° 16 dB 0
18 dB ~1x10° 18 dB 0

20 dB ~9x10™ 20 dB 0
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