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Underwater Acoustic Communication Channel Modeling
Regarding Magnitude Fluctuation Based on Ocean Surface
Scattering Theory and BELLHOP Ray Model and Its Application to
Passive Time-reversal Communication
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ABSTRACT: This paper represents generation of time-varying underwater acoustic channels by performing
scattering simulation with time-varying ocean surface and Kirchhoff approximation. In order to estimate the
time-varying ocean surface, 1D Pierson-Moskowitz ocean power spectrum and Gaussian correlation function
were used. The computed scattering coefficients are applied to the amplitudes of each impulse of BELLHOP
simulation result. The scattering coefficients are then compared with measured doppler spectral density of signal
components which were scattered from ocean surface and the correlation time used in the Gaussian correlation
function was estimated by the comparison. Finally, bit-error-rate and channel correlation simulations were
performed with the generated time-varying channel based on passive time-reversal communication scenario.
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Fig. 1. Diagram of method for generating impulse
responses with time-varying magnitude fluctuation
based on BELLHOP and KA scattering simulation.
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Fig. 2. Diagram of underwater experiment performed
on the East Sea of Korea in 2011.
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Fig. 3. Sound speed profile measured during experiment
in 2011.
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Fig. 4. Ray simulation result of BELLHOP where depth
of the transmitter is 40 m.
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Fig. 5. Path-loss simulation result of BELLHOP where
depth of transmitter is 40 m.
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Fig. 6. Mean channel impulse response from experiment
where transmitter was located at 40 m below from
ocean surface.

Fig 49}59] 2312 g9l 42 B2 guA g5
<= Fig. 69 YrEf -
Fig 462 3 2.4]5}of, 1% 419

S HEAL A B8 Belslgith SO 2 RE <
HEAL A4S A17bo] et k4 A() 2} 5 sl
AL B gt 27| AR $F(autocorrelation
function) = 4](1)2 R 4= 910 10] HAA
(Wide-sense stationary) =742 7}43lo] Q)2 &g
% gk

—r‘

RA(tDtQ): <A(t1)A*(t2)> Q)]

R(tty) = R (t,—t,)

AQ) A7) Ak g ke Alek A ekl
71881l Fejo] Makg FHate] A3)zk 2ol 7]
suE 0 R e 4= 9l

—l\/_exp(— g) ©)
2130l k(rad/s)= 7} F=T}<(angular frequency)
0|11, 12 3| H At A R0 A A17HS ojn| gl
2 AR AS oy zRE SUE AE S
tlolE =58 sl 4t o] & uhef A8
ERS 8L A5 ol ol o35 249 5f

HEO) SEEG FA A Y R 4F AN B SE 119

O Measurement
KA Simulation

Spectral density

50

Angular frequency (rad/s)

Fig. 7. Comparison of Doppler power spectrums of
scattered component from ocean surface: measurement
vs. KA simulation.
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Fig. 10. The generated channel impulse responses
based on BELLHOP and KA scattering simulations.
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