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Performance evaluation of diversity reception of underwater
acoustic code division multiple access using lake experiment
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ABSTRACT: CDMA (Code Division Multiple Access) is promising medium access control schemes for underwater
acoustic sensor networks because of its robustness against frequency-selective fading and high frequency-reuse
efficiency. In this paper, we design diversity schemes of underwater CDMA transceiver for the forward and
reverse links. User data are multiplexed by Walsh code and a pseudo random noise code acquisition process is
added for phase error correction before decoding the user data at the receiver. Then, the diversity reception using
equal gain combining and maximal ratio combining is performed in order to minimize performance degradation
caused by rich multipath fading of underwater acoustic channel. We evaluated the performance of diversity
transceiver through lake experiment, which was performed at Lake Kyungcheon, Mungyeong city using two
transmitters and two receivers placed 460 m apart at an average depth of 40 m. The lake experiment results show
that user data are recovered with error-free in both of the forward and reverse links.
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Table 1. Numerical results of the forward link experiment.

9-dB spread gain 12-dB spread gain

Bit rate | Diversity mluﬁp(;f:xe d . Bit error rate _(%) _ _ Bit error rate _(%) '
(bps) | scheme user data (without channel coding / with channel coding) | (without channel coding / with channel coding)
user | user 2 user 3 user 4 user | user 2 user 3 user 4

2 163/42 | 17.3/5.0 - - 153/13 | 159/19 - -

non 3 184/57 | 173/5.0 | 184/5.7 - 17.7/4.6 | 163/42 | 154/3.5 -
4 203/74 | 184/5.7 | 19.6/6.5 | 203/74 | 184/57 | 17.7/4.6 | 19.6/6.5 | 17.3/4.0

2 10.6/0 9.3/0 - - 84/0 6.5/0 - -

500 EGC 3 12.7/0 11.4/0 12.1/0 - 10.3/0 9.7/0 10.3/0 -
4 13.7/0 13.3/0 14.0/0 129/0 11.3/0 10.7/0 124/0 124/0

2 74/0 6.5/0 - - 43/0 3.1/0 - -

MRC 3 93/0 10.1/0 9.7/0 - 74/0 6.5/0 6.9/0 -
4 11.3/0 10.7/0 10.1/0 11.7/0 9.7/0 10.7/0 92/0 10.0/0

2 182/5.0 | 19.6/6.5 - - 17.7/4.6 | 16.9/4.3 - -

non 3 204/73 | 19.6/6.5 | 21.3/8.4 - 19.0/5.6 | 18.7/5.0 | 18.4/4.5 -
4 223/84 (243/10.2| 209/7.3 | 22.7/9.1 | 204/7.0 | 193/6.0 | 19.6/6.5 | 19.3/6.0

2 11.7/0 122/0 - - 10.3/0 10.8/0 - -

1000 EGC 3 13.3/0 13.3/0 12.7/0 - 123/0 11.7/0 11.1/0 -
4 142/0 13.7/0 13.7/0 13.7/0 12.7/0 13.0/0 134/0 12.7/0

2 84/0 79/0 - - 54/0 6.5/0 - -

MRC 3 11.2/0 10.7/0 12.1/0 - 8.7/0 84/0 7.8/0 -
4 132/0 124/0 12.7/0 134/0 11.2/0 10.7/0 11.3/0 12.1/0
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Table 2. Numerical results of the reverse link experiment.

9-dB spread gain 12-dB spread gain
Bit rate Diversity scheme . Bit error rate .(%) . . Bit error rate .(%) -
(bps) (without channel coding / with channel coding) | (without channel coding / with channel coding)
user 1 user 2 user 1 user 2
non 18.7/54 16.4/43 15.5/2.7 15.9/3.1
500 EGC 123/0 11.3/0 10.6/0 10.2/0
MRC 104/0 9.8/0 8.1/0 8.1/0
non 20.3/6.5 20.8/7.0 189/5.5 19.0/6.0
1000 EGC 13.9/0 142/0 11.3/0 12.3/0
MRC 11.3/0 11.9/0 10.6/0 11.3/0
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