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ABSTRACT: This paper deals with a method of transmitting depth information of a high-speed underwater
vehicle. The depth information signal transmitted from the high-speed mobile object is received with high frequency
variability. In the proposed method, we apply not only frequency synchronization but also additional synchronization
on the time axis like the existing method. In the case of a Doppler frequency bank with less resolution than the
conventional method through simulations performed in the environment moving up to 50 kn, and the depth

information is recovered using the proposed method, the error rate of 6 % ~ 9 % is reduced to 0.2 % ~ 1 %.
Keywords: Doppler frequency shift, High-speed underwater vehicle, Position estimation, Underwater acoustic

communication
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Fig. 2. (Color available online) Geometry between
underwater vehicle and receiver.
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Fig. 3. (Color available online) Carrier frequency
variation by Doppler effect.
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Table 1. Simulation parameters.

Name Value
Sampling frequency 192 kHz
Carrier frequency 16 kHz
Bit per second 2,000 bps
roll-off factor 0.5
Post-amble length (N) 63-bit

Vehicle velocity 10 kn, 30 kn, 50 kn
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Table 2. Operating time according to Doppler re-
solution.

Doppler resolution Operating time BER
1 Hz 35.206's 0
3Hz 13.871s 0
SHz 9.471s 0
10 Hz 4.876's 4.6875e-04
15Hz 3.765 s 9.3762e-04
20 Hz 3277s 0.0010
21 Hz 3.204 s 0.0035
22 Hz 3.176s 0.0195
23 Hz 3.102s 0.0202
24 Hz 3.047 s 0.0502
25Hz 2.926s 0.0750
30Hz 2.811s 0.3438
50 Hz 2443 s 0.4283
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Table 3. BER table of each case.

Velocity Case BER
no compensation 0.4116

S0 kn doppler bank [10 Hz] 4.6875¢-04
doppler bank [25 Hz] 0.0750
proposed method [25 Hz] 0.0020
no compensation 0.4428

30kn doppler bank [10 Hz] 3.0150e-04
doppler bank [25 Hz] 0.0608
proposed method [25 Hz] 0.0059
no compensation 0.3116

doppler bank [10 Hz] 4.0625¢-04
10kn doppler bank [25 Hz] 0.0928
proposed method [25 Hz] 0.0108

Table 4. Program operation time according to each
method.

Case Operating time

no compensation 1.432s

doppler bank [25 Hz] 2.926s

proposed method [25 Hz] 2951s
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