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ABSTRACT
Significant advancements in underwater acoustic communi-
cation have been achieved in recent decades. In the dynamic
ocean environment, various physical processes can signifi-
cantly affect the communication channel. The time-varying
underwater channel has both deterministic and stochastic
features. Due to the dynamic environment and the com-
plex properties of the channel, it is extremely challenging
to predict or model the channel. A communication channel
simulator is developed through the use of parabolic equa-
tion modeling of acoustic propagation and scattering. The
simulator uses the acoustic parabolic equation model aug-
mented with a linear surface model. Our results show that
this model is capable of generating realistic channel charac-
teristics. Our on-going effort is to reduce the computational
cost of the acoustic channel simulator so that it can be used
for network simulations.

Categories and Subject Descriptors
H.1 [MODELS AND PRINCIPLES]: Systems and In-
formation Theory

General Terms
Experimentation
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1. FULL CHANNEL MODEL
Although there is a large body of research literature deal-

ing with acoustic wave propagation, there are few reported
efforts to model acoustic communication channels. The re-
search community is still lacking adequate numerical models
that can provide realistic representations of both determin-
istic and stochastic channel properties in the dynamic ocean
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[5]. It is well recognized in the research community that
there is a strong need for realistic channel models. For exam-
ple, channel simulators are highly needed for 1) performance
comparison among different communication algorithms, 2)
investigation of channel limits, and 3) network level research.

1.1 Model description
For communication use, both intensity of the acoustic sig-

nal and its coherence over the scale of several seconds are im-
portant. In this work, parabolic equation methods are used
to model both aspects as a result of sea surface dynamics.
Particularly, we use the Miami-Monterey Parabolic Equa-
tion (MMPE) model, which employs a split-step Fourier
marching algorithm and provides fast implementation among
various parabolic equation codes [3]. The core idea is to
create an evolving sea surface and feed it into the MMPE
model. The simulator consists of the MMPE model and a
linear surface model. The surface model [1] generates an
evolving surface based on directional surface spectra, which
can be obtained from at-sea observations or empirical mod-
els. The surface displacement and its derivations are then
fed to the acoustic model. The acoustic field is calculated
using successive MMPE runs as the surface evolves. At each
single run, the acoustic model accounts for surface scatter-
ing effects based on the surface input at that time instant. It
also accounts for propagation through the water column and
sediment based on other environmental measurements such
as sound speed profiles, bathymetry, and bottom properties.
The water column and sediment properties are set as static
during the successive MMPE runs since they change at a
much slower rate than the sea surface. Thus, a time-varying
acoustic field is generated. Broadband calculations at mul-
tiple frequency bins from MMPE then give time-varying im-
pulse responses.

1.2 Data-model comparison
During the KAM08 experiment [4], extensive acoustic com-

munication signals were tested for different source-receiver
geometries and frequency bands. Concurrent environmental
measurements were obtained including surface wave spectra,
wind speed, sound speed profiles and bottom properties. Us-
ing the experimental data, it is shown that the channel sim-
ulator can generate realistic impulse responses. Measured
wave spectra from the experiment are used to generate a lin-
ear time-evolving surface. The scattering functions from the
experiment and the channel simulation are shown in Fig. 1,
where the model output agreed well with the acoustic mea-
surements in the scattering function.
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Figure 1: Scattering functions from (a) KAM08 experiment and (b) acoustic channel simulations. The center
frequency of the communication sequence was 15 kHz and the chip rate was 5 kHz. The source and the
receiver were separated by 1 km in a 100 m shallow water region in Kauai, HI.

Further, a time reversal receiver [4] was applied to both
the simulated and experimental data, using five receiving el-
ements. The resulting acoustic communication performance
comparison showed good agreement, with similar output
signal-to-noise ratios (SNRs) and bit-error-rates. When the
channel update interval adjusted in the receiver, the perfor-
mances from the computer simulation and from the experi-
mental data followed each other closely, as shown in Fig. 2.
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Figure 2: Communication performance compari-
son between the simulated and experimental data.
When the channel update interval was adjusted in
the time reversal receiver, the performances of the
simulated data and the experimental data followed
each other closely, both degrading with increasing
update intervals. The maximal discrepancy between
the model result and the data was about 1 dB in
their output SNRs.

2. LOW COMPLEXITY CHANNEL MODEL
For the network simulation, simplicity of the acoustic chan-

nel simulator is critical since it often requires a large number
of channel realizations. To address the computational com-
plexity, a combined strategy is proposed, where an acoustic
ray model and our parabolic equation model are both used.
The ray model [2] generates arrival time information. The
parabolic equation is used to generate statistics of arrivals.
Details of this combined model and communication results
will be presented during the conference.
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