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Abstract

The underwater acoustic channel (UAC) is complex
and thus it is regarded as a difficult task to obtain
robust performance. In this paper, we aim to design an
orthogonal frequency division multiplexing (OFDM)
system combined with low density parity check (LDPC).
For realistic evaluation of the performance of the
proposed scheme, a detailed channel model has been
developed and used in simulation. We have shown that
the robustness of the designed LDPC coded OFDM
system under a realistic channel scenario.
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1. Introduction

It is well known that the underwater acoustic
channel (UAC) is complex and it is difficult to
maintain robust communications performance over
such a channel. There are numerous reflections causing
severe inter-symbol interference (ISI) and frequency-
selective fading. In addition, sea surface wind causes
the delay dispersive channels to be time-varying [1].

It is known, in some underwater acoustic
communications and perhaps more widely in wireless
communications literature, that the use of OFDM
system [2] combined with a powerful error correction
code, such as the LDPC codes [3] and the turbo codes
can provide a robust performance over such a channel
[4]. There are only a limited number of papers,
however, which have verified the performance over
realistic underwater channel scenarios. Thus, to date, a
realistic performance evaluation of the coded OFDM
system over the UAC remains in great demand.

In this paper, we aim to (i) model a realistic
simulation channel against which a proposed system
can be verified, (i7) design a good LDPC coded OFDM
system which works well under the realistic channel
and (iii) show the robust performance of our designed
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system under the realistic channel setting. We note that
there are a limited number of papers with a similar set
of objectives in the literature, which have motivated
this work.

The rest of this paper is organized as follows. We
described realistic simulation channel modeling in
Section 2, and presented the system parameter design
in Section 3. Simulation results were reported in
Section 4. Conclusions were contained in Section 5.

2. Simulation channel modeling

The UAC modeling is difficult since the geometry
of the channel is complex as well as due to node
mobility. Accordingly, there exist difficulties in
applying important factors into a model. In this paper,
we have modeled a simulation channel with the ideal
assumption of flat sea surface and ocean bottom,
invariable node and buoy position, and a 15 m/s
maximum sea surface wind speed based on the
reflection characteristics [5]. We assume 50 m water
depth. The node and buoy are fixed at 7 m and 45 m
from the bottom, with 1,000 m separated in distance.

Figure 1 and 2 show the multipath and the impulse
response of the simulation channel. There are infinitely
many such multipath came from reflection on the sea
surface and the bottom but we only considered those
paths within 30 dB energy gap against the direct path.
The maximum delay spread and coherence bandwidth
can be estimated from Figure 2 as about 20 ms and 50
Hz.
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Figure 1. The multipath of modeled UAC
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Figure 2. The impulse response of modeled UAC

3. OFDM system design

Table 1 represents the suggested LDPC coded
OFDM system parameters. To deal with frequency
selective fading and time selective fading, we set the
carrier frequency as 10 kHz with considering Doppler
spread. Under such setting, maximum delay spread and
coherent time of the channel are about 6.778 Hz and
148 ms, respectively. To satisfy the condition which
overcomes the time selective fading (Ts « T¢) [6], we
set the transmission bandwidth and the number of sub-
carriers as 10 kHz and 256. In addition, we set the CP
period as 20 ms to mitigate the ISI problem.

4. Simulation results

Figure 3 shows performance of proposed LDPC coded
OFDM system. We use the regular LDPC code with
the block length 256 and a parity check with four 1s in
each column and eight 1s in each row. Over the
threshold SNR of 15 dB, the proposed system perfor-
mance improves sharply and overcomes the deep
fading effects. It is noted that the proposed system
achieve about 6 dB SNR benefit at the 10~ BER point.

5. Conclusions

The proposed LDPC coded OFDM system, it has
been shown, is able to overcome not only frequency
selective fading, since the sub-carrier bandwidth is
selected smaller than the coherent bandwidth of
channel, but also the ISI due to the use of a sufficiently
long CP period. Further, it overcomes time selective
fading since OFDM symbol duration is chosen shorter
than the coherent time of the channel. We use a (256, 4,
8) LDPC code and the iterative message passing
decoder. The proposed system is shown to achieve 6
dB SNR benefit at the 10° BER point against the
uncoded OFDM system.
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Table 1: The OFDM system parameters

Parameter Value
Carrier frequency 10 kHz
Transmission bandwidth 10 kHz
Maximum Doppler Spread : Bty 6.778 Hz
Coherent Time : Tc= 1/ Bty 148 ms
Maximum Delay Spread : tmax 20 ms
Coherent Bandwidth : Bc=1/tmax 50 Hz
Number of sub-carriers : Ngpr 256
Sub-carrier bandwidth : Af = BW/Nger 39.0625Hz
Valid symbol duration : Tp= 1/Af 25.6 ms
CP period : Tcp>tmax 20 ms
OFDM symbol duration : Ts= Tp+Tcp 45.6 ms
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Figure 3. BER performance (with 10 iterations)
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