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ABSTRACT: Sound propagation algorithm for a sonar simulator is required to run in real-time and should be able
to model the range and depth dependence of the Korean ocean environments. Ray model satisfies these
requirements and we developed an algorithm for range-dependent ocean environments. In this algorithm, we
considered depth-dependence of sound speed through rays based on a rectangular cell method and layer method.
Range-dependence of sound speed was implemented based on a split-step method in the range direction. Eigen-ray
is calculated through an interpolation of ray bundles and Gaussian interpolation function was used. The received
time signal of sonar was simulated by Fourier transform of eigen-ray solution in the frequency domain. Finally,
for the verification of proposed algorithm, we compared the results of transmission loss with other validated
models such as BELLHOP, SNUPE, KRAKEN and OASES, for the Pekeris waveguide, wedge, and deep ocean
environments. As a result, we obtained satisfactory agreements among them.
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Table 1. Domains of applicability of underwater
acoustic propagation models.'®!

application
shallow water deep water
model
ty low high low high
pe
frequency | frequency | frequency | frequency
RI |[RD|RI |[RD| Rl |RD | RI | RD
o lojlojo|e|0 |0 @@
theory
nomal | gl @0 @ 0] 0O]|O
mode
wavenumber| g | - | @ | O | @ | O | © | O
integration

parabolic | ¢, | g | o 0| ¢ | @ | ©| ©

equation

@: modeling approach is both applicable (physically) and
practical (computationally)

©: limitations in accuracy or in speed of execution

O: neither applicable nor practical.

low frequency (<500 Hz), high frequency (>500 Hz)

RI: range-independent environment

RD: range-dependent environment

Table 2. Sound propagation model for various sonar
simulator.!"

sonar .
simulator sound propagation model creater
CASS GRAB (Gaussian Ray Bundles)| US Navy
. uUs
SST GRAB (Gaussian Ray Bundles) APL-UW
SWAMI normal mode CA%CDAD
. . NATO
SUPREMO classical ray tracing SACLANT
MODRAY classical ray tracing DSTO

AWESIM  |GRAB (Gaussian Ray Bundles)] NSWC

CASS: Comprehensive Acoustic System Simulation

SST: Sonar Simulation Toolset

SWAMI: Shallow Water Active-sonar Modeling Initiative toolset
SUPREMO: Multistatic Sonar Performance Model
MODRAY: Maritime Operations Division RAY tracer
AWESIM: All World Environmental SIMulation
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Fig. 1. The grid structure of proposed algorithm for
ray based sound propagation.
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and ray direction.
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