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Estimation of underwater acoustic uncertainty based on the
ocean experimental data measured in the East Sea and its
application to predict sonar detection probability
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ABSTRACT: When calculating sonar detection probability, underwater acoustic uncertainty is assumed to be
normal distributed with a standard deviation of 8 dB to 9 dB. However, due to the variability in experimental areas
and ocean environmental conditions, predicting detection performance requires accounting for underwater
acoustic uncertainty based on ocean experimental data. In this study, underwater acoustic uncertainty was
determined using measured mid-frequency (2.3 kHz, 3 kHz) noise level and transmission loss data collected in the
shallow water of the East Sea. After calculating the predictable probability of detection reflecting underwater
acoustic uncertainty based on ocean experimental data, we compared it with the conventional detection probability
results, as well as the predictable probability of detection results considering the uncertainty of the Rayleigh
distribution and a negatively skewed distribution. As a result, we confirmed that differences in the detection area
occur depending on each underwater acoustic uncertainty.
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Fig. 1. (Color available online) Topographic map of
the experimental site including ship track (black
solid line) and the mooring location of VLA (black
triangle).
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Fig. 2. (Color available online) (a) Comparison of TL measurements versus range (T1, T2, T3) and regression curve
(red solid line). The black circles, blue diamonds, and red stars show the individual measured TL at the water
depths of 9 m, 26 m, 49 m, respectively. The upper black dashed line represents 16log(r)-+0.0033r, while the
lower one represents 22.5log(r)+0.0033r, Black arrows shows the direction of movement of the sound source,
(b) The histogram of demeaned TL. Red solid line indicates the kernel density estimation resuilt,
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Fig. 3. (Color available online) (a) Noise level measurements versus range. Blue circles show the individual
measured ambient NL at the water depths of 26 m while the black solid line represents the noise level
measurements during the experiment. (b) The histogram of demeaned noise level. Red solid line indicates the

kernel density estimation result.
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Fig. 4. (Color available online) Example of Monte Carlo inverse transform sampling for simulating ASE based on

the probability distribution of two—way TL and NL,
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Fig. 5. (Color available online) (a) Predicted detection probability in experimental site and (b) their predictable
probability detection(source depth: 25 m, receiver depth 25 m, target depth : 25 m, source to receiver range :
2 km).
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Fig. 6. (Color available online) (a) Simulated Rayleigh distribution and (b) negatively skewed distribution, The
predictive detection probability considering the (c) Rayleigh distribution and (d) negatively skewed distribution
for underwater acoustic uncertainty (source depth: 25 m, receiver depth: 25 m, target depth : 25 m, source to
receiver range : 2 km),
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