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Rake Receiver Based on BER of Training
Sequence Duration in Low Probability of
Detection for Underwater Acoustic

Communication

Ji-Hong Son

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 sound 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.

In this thesis a type of channel and the channel parameters are
investigated to calculate the counter-detection range in underwater
acoustic communication channels. A rake receiver that uses the BER
(bit error rate) analysis of train signals was proposed, which have

the better performance than a conventional rake receiver. A

_Vi_



conventional rake receiver selects the paths which are the matched
tilter output over threshold. Weights are allocated to selected paths
in accordance with path gains. A proposed rake receiver uses the
same method to a conventional rake receiver which is path selection,
but that uses BER analysis of each path under threshold in the
training sequence to assign weights. In accordance with training
sequence BER the weights are allocated, the lower train BER the
high weighting value. After the envelop of received signals are used
in channel fading analysis, the channel types and channel
parameters are investigated by curve fitting of the amplitude
variability. After the ROC (receiver operating characteristic) curve are
calculate by the channel types and channel parameters, as a result,
counter-detection range are attained by calculating detection
probability in accordance with false alarm probability. In the event
of lake experiments the channel type is Rayleigh fading channel.
Consequently ROC curve and counter-detection range are analyzed.
A non-rake receiver, conventional rake receiver, and proposed rake
receiver performance are evaluated in lake experiments. As a result,
proposed rake receiver have the error free performance and

conventional rake receiver have 12.5% BER performance.

KEY WORDS: Underwater Acoustic Communication, Rake Receiver,

Channel Estimation, Counter-detection Range
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Table 4.1 Parameters for simulation

Element

Contents

Modulation
Data length

DSSS BPSK
256 symbols

Packet o
Training sequence length 128 symbols
structure .
Spreading factor 20
Transmission speed 200 bps
PLL gamma 0.1
feed-forward / feed-backward tap
10 / 10
DFE length
Delta / lambda 999 / 0.999
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Table 4.2 Parameters for lake experiments (April 2015)

Element Contents
Modulation DSSS BPSK
Data length 512 symbols
Packet o
Training sequence length 256 symbols
structure .
Spreading factor 16
Transmission speed 100 bps
PLL gamma 0.1
DFE feed-forward / feed-backward length 414
Delta / lambda 999 / 0.999
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FAlE Alse] SNRe oF 8.736 dBRleH, A IH =¥ S 17 4.8
3} 2ot

Matched Filter Output
1 T zu‘_.l T T
0.8t ]
3 0.6 19 3401 .
% i 58
()]
L 04 9™ .
0.2} ]
0 i |
0.26 0.28 0.3 0.32 0.34 0.36
Time [sec]

18 48 35448 Ao A DY =7 (20159 49)

Fig. 4.8 Matched filter output of lake experiment signals (April 2015)
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Path number BER [%]
1 10.549
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Quadrature
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(2) ()
O3 410 49 T5AE 2150 AT,
(@ A¢H FA7Y BEE, () 71E F4719 A3 =
Fig. 4.10 The constellation of lake experiment signals (April 2015),
(a) Proposed rake receiver constellation, (b) Conventional rake receiver

constellation
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Channel curve fitting
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Fig. 4.11 Curve fitting of the envelop in lake experiments (April 2015)
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Fig. 4.12 ROC curve in lake experiments (April 2015)
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Pfa =0.001 Pd Rayleigh
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Fig. 4.13 Counter-detection range in lake experiments (April 2015)
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Fig. 4.14 Setup for lake experiment (May 2015)
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Table 4.4 Parameters for lake experiments (May 2015)

Element Contents
Modulation DSSS BPSK
Data length 32 symbols
Packet o
Training sequence length 128 symbols
structure .
Spreading factor 20
Transmission speed 20 bps
PLL gamma 0.1
DFE feed-forward / feed-backward length 414
Delta / lambda 999 / 0.999

E4AP AHSE MERA, For L Hely s £ 449 2t
T4lE A5l SNR2 ¢F 478 dBRieH, A EH =9 32 149
% 2

Matched Filter Output
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Fig. 4.16 Matched filter output of lake experiment signals (May 2015)
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Error Bits Comparison
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Proposed Rake Receiver Constellation Conventional Rake Receiver Constellation

Quadrature
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Fig. 4.10 The constellation of lake experiment signals (May 2015),
(a) Proposed rake receiver constellation, (b) Conventional rake receiver

constellation
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Channel curve fitting
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Fig. 4.19 Curve fitting of the envelop in lake experiments (May 2015)
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Fig. 4.20 ROC curve in lake experiments (May 2015)
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Pfa =0.001 Pd Rayleigh
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Fig. 4.21 Counter-detection range in lake experiments (May 2015)
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