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The results reported in this paper are directed toward the development of a statistical model of ambient
noise at shallow water in coastal range. The data sets of ambient noise are anałyzed for frequency band
below 150 Hz, where distani shipping and wind-generated noises are observed in underwater environment.
For three classes of sea state the PDFs of data sets have been modeled using the Gaussum - Gaussian
mixture model. The method of moments MS been applied for calculation of parameters of this model. The
data sets were tested for randomness, independence and homogeneity. The estimated PDFs of ambient noise
are nearły Gaussian. For 1-2 B sea stale the PDF can be modeled as the Gaussian - Gaussian miaure.

1. Introduction

While there exist an extensive literature on the
many aspects of ambient noise in the sea or
ocean, investigations on the PDFs of ambient
noise are relatively fewer. Dyer and co-workers
have shown that one can go far in explaining
observed fluctuations of ambient noise, by taking
into account multipath interferences between the
different arrivals at the measuring system. Having
developed the statistics of dęcibel quantities, the
authors showed that when several noise sources
are present the statistics obey chi-square rather
than log-normal distnbutions [7].

The PDFs ofwind-generated, distant ship and
snapping shrimp noises were analyzed by Bouvet
and Schwartz [1]. These authors report that the
PDF for distant ship noise obeys a Gaussian-
Gaussian mixture distnbution. The PDF ofwind-
generated noise obeys a Gaussian distnbution and
snapping shrimp noise is nonstationary.

The results quoted above involved a statistical
analysis of ambient noise registered in depth sea.
The primary objective of the present paper is to
analyze of the PDF of ambient noise observed in
the shallow water in costał range where, two main
sources are being generated underwater noise:

wind and distant ships.

2. The data coUection

The data sets studied here are typical
underwater acoustic noises and have been
recorded with a single omnidirectionał
hydrophone. The sets of data have been recorded
in costal range of South Baltic Sea. Noise
observations were made in variety ofhydrological
conditions. The hydrophone was submerged to 20
meters below the sea surface and was mounted on
a stationary measurement system. The ambient
noise outpur of hydrophone was recorded in
analog form on magnetic tape. Each sampłe was
60 sec long. The ambient noise sets of data have
been sampled at a rate 512 Hz. Three sets of data
have been processed for three different sea states:
1-2B, 3-4B and 5-6B.

Before doing a more detailed statistical
investigation of data sets, the study of some very
rough statistics can often be helpful. One-
thousand sampies of the data have been used. The
data have been normalized to second order, i.e.
their empiricał global mcans and variances an the
whole window are respectiveły O and 1. Fig. 1-3
shows the means for three cIasses of ambient
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noise corresponding to sea states: l-2B,3-4B and
5-6B. The means bave been calculated based on
20 sampIes.

3. Noise PDF modeling

The Gaussian - Gaussian mixture noise model
have been developed in order to generalize the
form of the ambient noise PDF. Mixture noise
model have been chosen because of the nature of
observed noise sources. Gaussian - Gaussian
mixture noise model has a PDF composed of the
sum of two Gaussian PDFs

where:
€ - coefficient,
dl - variance.

Assuming PDF modeled by (1), with zero
mean and unit variance, a straightforward method
of moment estimation permits quite easily the
calculation ofthe three relevant parameters. Since
the variance is one, and denoting e. and e6 the
fourth and sixth moments of the observation, we
have

(1)

Fig. 1. The mean of20 sampies of ambient noise for
sea stale 1-2 B
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As the exact solution of this system is complex,
and as it is possible to assume that €< < l and
e.<3, we can get these parameters approximately
in a straigbtforward marmer

e = JeJ15(l - fCl3)312

4. Statistical characłeńzatioD or the data

Each of the data sets have been performed for
randomness, independence and homogeneity. The
runs up and down test fOT randomness, tbe
Kolgomorov-Smirnov test for homogeneity have
been applied to the data sets. In addition, the
Kendall rank correlation test for independence
have been applied.
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Fig. 2. The mean of 20 samples of ambient noise for
sea stale 3-4 B
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Fig. 3. The mean of 20 sampies of ambient noise for



For each of the data sets some empirical
statistical measures have been computed. These
statistical measures are the mean, the variance,
the skewness and the kurtosis. As stated
previously, the data sets were normalized, zero
mean and unit variance.The statistical parameters
of the data set s are shown in Table 1.

Table l. The statistical parameters of the data sets

Sea
Mean Variance Skewness Kurtosisstale

1-2B 0.0032 1.0723 0.0846 2.6320

3-4B -0.0015 1.0402 -0.0406 2.9791

5-6B -0.0056 0.9891 -0.0138 2.8953

The quantiles of the empirical distribution
function with respect to the Gaussian PDF are
shown on Fig. 4 - 6. The curves seem to be
fsymmetric, except for 1-2 B sea stale, that
indicates odd moments (skewness) greater than
norma!.

5. Probability density function modeling

The PDFs of data sets for three sea states have
been modeled using the Gaussian - Gaussian
mixture model descnbed in paragraph 3. The
method of moments have been applied for
calculation of parameters of the Gaussian -
Gaussian mixture model using formulas (5-7). The
parameters of the Gaussian - Gaussian mixture
model of ambient noise are shown in Table 2.

Table 2. The parameters of the Gaussian - Gaussian
mixture model of ambient noise

Sea state al a2 E

1-2 B 0.98 0.14 0.001

3-4 B 1.01 - -
5.-6 B 1.01 - -

For each data sets probability density functions
were estimated using frequency method.
Distnbution fitting plots are shown on Fig. 6 - 9.
The results of estimation are compared with a
curve for Gaussian distribution.

6. Discussion

The results reported here are directed toward
the development of a statistical model of ambient
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Fig. 4. Quantiles of ambient noise for sea stale l-2B
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Fig. 5. Quantiles of ambient noise for sea stale 3-4B
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Fig. 6. Quantiles of ambient noise for sea state 5-6B

noise at shallow water in coastal range.
The data sets of ambient noise were analyzed

for frequency band below 150 Hz, where distant
shipping and wind-generated noises are observed
in underwater environment. It caused, that
Gaussian-Gaussian mixture model of PDF is
physically motivated.

The statistical parameters of the data sets for
sea state of 3-4 B and 5-6 B are doser to
Gaussian distribution. The skewness is doser to
zero and kurtossis is doser to the Gaussian value
of 3 (Table 1). For 1-2 B sea state, the skewness
is a bil more significant and the kurtossis is
smaller to Gaussian value of 3.
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Fig. 7. The PDF of ambient noise for sea stale of
1-2 B
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Fig. 8. The PDF of ambient noise for sea stale of
3-4 B
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Fig. 9. The PDF of ambient noise for sea stale of
5-6 B

The quantiles curves seem to be symmetric, except
for the 1-2 B sea state, that indicates odd
moments (skewness) greater than normaL

A look at the parameters for the Gaussian-
Gaussian mixture model shows, that ambient noise
data can be fitted by this model onIy for 1-2 B sea
state. It is physically motivated, because the
distant shipping noise is predominant in
underwater environment for lower sea states
(speed oC wind < 10 m/s). However, the
parameters obtained for the Gaussian-Gaussian
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model are little distinctive. Described results are
similar to results published by Bouvet [1]. He
analyzed the measurements of the ambient noise,
which were carried out at deep water. The
parameters of the Gaussian-Gaussian model for
depht water are more distinctive than the
parameters for shallow water. The Gaussian-
Gaussian model can not be applied for sea states
3-4 B and 5-6 B (the Ul parameter of model is
greater than 1, what caused that the expression
under square in (6) is negative). This can be
explained by fact, that for great speed of wind
(greater than 10 m/s), the wind-generared noise is
predominat in underwater environment.

At conc1usion is worth to notice, that
underwater environment at shallow water has its
own specific, where a surface and bottom
reverberation are very strong and multipath
interferences between different arrivals at the
receiver are observed.

TIIe results of the above analysis are very
useful for analyses of measurements of underwater
noises at shallow water and signal detection.
Future studies are recommended to explore the
distribution in other frequency bands, and to
identify the underlying ambient noise mechanisms.

Reference

1. M. Bouvet., S.c. Schwartz., Underwater Noises:
Statistical Modeling Detection, and Normaliza-
tion, JASA Vol 83, No 3, pp. 1023-1033, (1988).
2. P. Brocket, M. Hinich, G.R. Wilson, Nonlinear
and non-Gaussian Ocean Noise, JASA Vo182, No
4, pp. 1386-1394, (1987).
3. I. Dyer, Statistics of distant shipping noise,
JASA vol 53, No 2, pp. 564-570 (1973).
4. J. George, Physical mechanisms to explain the
oobserved features of ambient noise in shallow
water, JASA Vol 99, No 6, pp. 3439-3444, (1996).
5. W.J. Jobst, S.L.Adams, Statistical analysis of
ambient noise, lASA, Vol 62, No 1, pp. 63-71,
(1977).
6. W. Kiciński, A statistical model for sea ambient
noise c1assification. OCEANOLOGY Vol 39, No
3, pp. 227-235, (1997).
7. P. Mihlasevski, I. Dyer, Approximations to
distant shipping noise statistics. JASA Vo163, No
3, pp. 732-738, (1978).
8. G.R. Wilson, D.R. Powell, Probability density
estimates of surface and botton reverberation.
lASA Vol 73, No l, pp. 195-200, (1983).
9. STATISTICA User manuał. Stat Soft, (1997).


