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Design of an Underwater Acoustic
Communication System for Low Probability of

Detection using Differential Phase Shift Keying

Eun-Hye Jeon

Department of Radio Communication Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

In recent years, underwater sensor networks can be used for
environment  monitoring, disaster prevention, and military
surveillance. When acoustic waves are passed through the
underwater, they are affected by attenuation, reflection of bottom
and surface, scattering, ambient noise, and the Doppler effect caused
by movement of the transmitter and the receiver.

This thesis presents constructing transmitter and receiver by using
a direct sequence spread spectrum techniques to DPSK (differential
phase shift keying) scheme in underwater acoustic communication.
Using direct sequence spread spectrum is helpful to overcome the
jamming unlike other spread spectrum methods and has strong

security between user. Since DPSK signal can be demodulated if the
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receiver knows only the phase difference between the adjacent bits,
DPSK ' receiver structure has the advantage of being simplified. In
the conventional receiver, two adjacent symbols of transmitted signal
before despread are passed to the transition correlator that detects
data by comparing maximum correlation outputs. At this time, the
error for maximum value of the correlator output may increase
because of low SNR (signal-to-noise ratio) or high Doppler shift
frequency according to the underwater channel. In this thesis, a new
method is proposed for accurate detection result. The proposed
method uses the peaks” width as well as the its magnitude among
outputs produced by the correlator for BER performance
enhancement. The performances of the proposed method was

evaluated by simulation and sea trial data.

KEY WORDS : Underwater Acoustic Communication, DPSK Receiver,

Transition Correlator, Correlation width, Doppler Channel
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transition correlator outputs
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Fig. 3.10 Estimated main peak of correlator outputs when
z(n)z(n+1)=1, (@ [C1l], (b) [C2l.
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Fig. 4.2 Channel model for underwater acoustic communication
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Table 4.2 Parameters for simulation

Element Contents
Modulation DPSK-DSSS
Data length 1000 symbols
Packet .
iruct Training sequence length 256 symbols
structure
E Spreading factor 8/ 16
Transmission speed 200 bps
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Fig. 4.3 The block diagram, (a) transmitter, (B) receiver.

SNR# =&8 o] F3d w2 A% zolE Yehr] 93 7]E9
DPSK-DSSS 4171} Algkd A 1 DPSK-DSSS 4=417]2] BER(bit
error rate) A5<S B39t moAT L ZF SNRYE H Hel HikE A9
< B3 W2 BERE A5s £43h 29 449 45+ ZH7F SNR
7 =&Y o] Fupgo] @& BER A% et 1dolth

%)

Collection @ kmou



—e—Conventional method —e—Conventional method
93 —=—Proposed method 93 —=—Proposed method
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Fig. 4.4 BER performance of conventional method and proposed method

according to SNR, (a) Spreading factor=8, (B) Spreading factor=16.
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Fig. 4.5 BER performance of conventional method and proposed method
according to Doppler shift frequency, (a) Spreading factor=8, (B)
Spreading factor=16.
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Fig. 4.7
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Table 4.3 Parameters for sea trial

Element Contents
Modulation DPSK-DSSS
Packet N Data length 1000 symbols
Training sequence length 256 symbols
structure Spreading factor 8/ 16
Transmission speed 200 / 500 bps

ok
>
w
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Table 4.4 Uncoded BER results of C/P(Conventional/Proposed method) in sea trial

Bit rate | Spreading trial
method average

[bps] | Factor 1 2 3
3 C 0.011 0.022 0.057 0.030
R 0.011 0.021 0.032 0.021
200 16 C 0.007 0.529 0.496 0.344
P 0.004 0.334 0.247 0.195
3 C 0.191 0.457 0.452 0.367
500 P 0.155 0.437 0.047 0.354
16 C 0.113 0.132 0.119 0.121
P 0.094 0.114 0.087 0.098
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