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Analysis of underwater acoustic communication channel
environment in Kyungcheon Lake
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ABSTRACT: This paper estimated communication parameters according to underwater channel environment of
lake for underwater acoustic communication. This paper calculated coherence time and coherence bandwidth
through two experiments in actual lake environments. In both experiments, the chirp signal for channel estimation
and the BPSK (Binary Phase Shift Keying) signal for calculating the bit error rate were transmitted. In each
experiment, the distance between transmitter and receiver was 300 m to 400 m, and 500 m to 600 m. The coherence
times calculated in experiment 1 and experiment 2 are 175 msec and 340 msec, and the coherence bandwidths are
10 Hz and 5.71 Hz, respectively. It is confirmed that the experimental results are more appropriate because the
synchronization and the bit error rate performance are better only when the length of the synchronization signal
and the interval of the pilot signal in the frame are shorter than the coherence time.
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2.1 Al A2 A= 7|8H(Coherence Time Esti—
mation Method)
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Fig. 1. Doppler channel and Tx/Rx movement environ—
ment.
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Fig. 2. Example of an underwater channel response.
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Fig. 3. Mimetic diagram for experiment in Kyungcheon
Lake.

Fig. 4. Kyungcheon Lake topography and direction of
experiment.
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Table 1. Experiment parameter.

Experiment 1 Experiment 2
Tx equipment Neptune-D17BB
Rx equipment B&K 8106
Tx depth 5m
Rx depth 30m
Tx depth of water 30 m 25m
Rx depth of water 37.6 m
Bandwidth 6 kHz
fe 16 kHz
fs 192 kHz
Raised Root Cosine
Pulse shaping roll-off factor = O.ES
number of symbols = 24
samples per symbol =
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Fig. 5. Underwater channel response of Kyungchun
Lake in experiment 1.
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Fig. 6. Underwater channel response of Kyungchun
Lake in experiment 2.
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Table 2. Maximum Doppler frequency and coherence

time according to experiment.
Experiment 1 Experiment 2
Distance 300 m ~400 m 500 m~ 600 m
Velocity 0.23 m/s 0.11 m/s
f, by Eq. (2) 248 Hz 1.24 Hz
f4by Eq. (10) 240 Hz 1.20 Hz
Relative error 32% 32%
T 0.175s 0.34s
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Fig. 7. RMS delay spread according to distance change.

Table 3. RMS delay spread and coherence bandwidth
according to experiment.

Experiment 1 Experiment 2

Trms 0.020 s 0.035s
Tmax 0.050's 0.068 s
B 10 Hz 5.71 Hz
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Fig. 8. Synchronization results from 7, > 7. in experi-
ment 1.
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Fig. 9. Synchronization results from 7; < 7 in experi-
ment 1.

Table 4. Pilot interval in frame and bit error rate in
experiment 1.
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Fig. 10. Synchronization results from 7; > 7, in experi-
ment 2.
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Fig. 11. Synchronization results from 7; < 7. in experi-
ment 2.

Table 5. Pilot interval in frame and bit error rate in
experiment 2.

Pilot interval in Frame BER (Bit Error Rate) Pilot interval in Frame BER (Bit Error Rate)
130 msec 0.011 300 msec 0.028
150 msec 0.017 320 msec 0.039
170 msec 0.036 340 msec 0.050
190 msec 0.050 380 msec 0.061
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