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Abstract 

Underwater Acoustic Communication is a rapidly growing field of research and engineering. Its main application is of transmitting 

and receiving data in between underwater instruments like as hydrophones, radars, etc. The use of low-frequency signal comes 

from the fact that electromagnetic signals get absorbed in underwater due to their high frequency. The wave propagation in 

underwater sound channel mainly gets affected because of channel variations, multipath propagation and Doppler shift that keep 

a lot of hurdles for acquiring high data rates and transmission robustness. Basically, the usable bandwidth of an underwater sound 

channel is typically of few kilohertz at large distances. In addition to that, there is no typical underwater acoustic channel such that 

every body of water exhibits quantifiably different properties. The problem with the underwater communication is the addition of 

random noise in the signal. The noise in underwater is of various types such as ambient noise, ship noise, aquatic noise, shallow 

water noise, etc. which can be categorized as anthropogenic and natural noise sources. For this, there are various techniques based 

upon signal processing and stochastic replay to denoise the signal. Here, a review of signal Stationarity and Gaussianity testing 

using different tests is represented.    
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The performance of sonar system is strongly dependent on the estimation of detection level and accepted the probability of false 

alarm. Therefore, knowledge of the ambient noise is important. In this, it is concerned with the analysis of different properties of 

ambient noise western coast of continental India. 

II. AMBIENT NOISE SOURCES IN THE SEA 

The ocean, as a propagation medium is a full of interfering noise sources such as machinery noise due to the distinct shipping, flow 

noise, wave noise, wind noise, noise from biologics and intentional jammers as shown in Fig. 1, which may interfere with desired 

target returns and emissions. The general background noise that has the contributions from all the oceanic noise sources is termed 

as an ambient noise. The ambient noise has a broad frequency range and its characteristics depend on the number of factors 

including climate, wind speed, the presence of aquatic organisms, etc. [1] 

 
Fig. 1: Conceptual Diagram of Sources of Ambient Noise in the Sea 

 Low-Frequency Ambient Noise (< 500 Hz) 

Various types of disturbances are there in the earth's crust (tectonic as well as volcanic actions) that can contribute to ambient noise 

in the sea. Even if the sources of such types of disturbances are far away from the sea, those high-energy disturbances can easily 
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reach the oceans as compression waves. The spectral characteristics of such noises depend on the magnitude and range of seismic 

activity, the propagation path, etc. It has been observed that, in general, the spectral peaks due to the seismic activities occur in 

between 2 and 20 Hz, when water transmits the disturbances [2]. 

Ice cracking occurs in shore-fast spring and winter and consists of short bursts of noise originating in tensile cracks in the ice. 

These cracks occur near the surface of the ice and are the result of radioactive cooling during periods of falling air temperatures 

[3]. 

Ship noise dominates marine waters and is produced by the ship's propellers, machinery and the movement of the hull through 

the water [4]. 

 Mid-Frequency Ambient Noise (500 Hz-100 kHz) 

With newer technologies and innovations that are being developed in the Defense Research and Development Programs, military 

operations are nowadays becoming a major source of underwater noise. Naval forces may conduct various experiments, test fire 

their equipment or gadgets, etc., which could disturb the oceanic environment and contribute to short term changes in the ambient 

noise levels. The use of active sonar also contributes to ocean noise. Sonar systems emit short pulses of sound which carry high 

energy; Submarines and torpedoes are also significant noise sources. Furthermore, the explosives used for military tests and 

exercises can be a significant source of undesirable noise with typical source levels of 267 dB (Decibel) in the frequency band 

from 1 to 7 kHz [1]. 

A spray of water droplets and hail constitute rainfall. It contributes to the ambient noise at a frequency above 500 Hz. At low 

wind speeds, rain can generate noise around 100 Hz. Rain also contributes to the increase in ambient noise level. Torrential rains 

are found to cause an increase of about 30 dB in the 5 to 10 kHz range of the noise spectrum [2]. 

Hydrodynamic sources consist of a large number of sources that generate noise due to various physical phenomena, including 

sea-surface motion, varying with local wind speed and sea state. Noise from breaking waves is a major source of ocean ambient 

noise, dominating measured spectra between 500 Hz and 50 kHz [2]. 

Oil industry operations have traditionally conducted in shallow water on the continental shelf, but, in recent years, the trend has 

been to conduct exploration in deeper waters (>500 m) along the continental slope. So in deep water sound gets propagated with 

great distances contributing oceanic ambient noise [1]. 

 High-Frequency Ambient Noise (> 100 kHz) 

Thermal agitation of molecules in seawater creates noise that reduces acoustic detection sensitivity at high frequencies (>100 kHz). 

The effects of thermal agitations of medium determine a minimum noise level for that medium [2]. 

Sonar used for shallow-water echo sounding and for locating small objects, such as fish, require high frequencies to provide 

sufficiently detailed resolution at relatively short distances. These high frequencies attenuate rapidly and, therefore, have only local 

effects. However, stationary sound sources, such as modems used for acoustic telemetry, could lead to local ambient noise increases 

in the high-frequency range [5]. 

By ambient noise, R. J. Urick explained the dominant, sustained unwanted background of sound at some spot in the ocean. It 

eliminates momentary, occasional sounds, such as the noise of a close-by passage of a ship or of an occasional rain shower. It is 

the background noise, typically at the location and depth where a measuring hydrophone is located, such as the sound of a 

submarine or the echo from a target, must be detected against that called as a signal. The ambient noise in the sea was ignored 

during the years before World War II when relatively sophisticated echo-ranging SONARs were being developed and installed on 

ASW vessels. The reasons for this lack of attention are several-fold. First, some of the engineers and scientists working in SONARs, 

as well as the level of funding, were extremely small by post-war standards. Secondly, attention was directed toward echo-ranging 

SONARs, in which the ambient background is relevant to be negligible compared to the background of self-noise and reverberation. 

Thirdly, measurements could not be made absolutely at that time, because of unavailability of standard hydrophones and calibration 

techniques [3]. 

P. H. Dahl et al. provided a brief overview and perspective on the subject of underwater ambient noise, which is of interest to a 

diverse set of behavioral, biological and physical science professionals involved in its analysis. Also, he introduced the subject to 

those involved in the analysis of human community noise and motivates a useful information exchange. Underwater ambient noise 

represented in terms of its spectrum, or frequency content. This is the most useful and informative summary of underwater noise 

[6]. 

S. Sakthivel Murugan concentrated on estimating the effects of wind. He used seven sets of data with various wind speeds 

ranging from 2.11 m/s to 6.57m/s. He performed the analysis for frequencies ranging from 100 Hz to 8 kHz. And it is found that a 

linear relationship between noise spectrum and wind speed exists for the entire frequency range. Further, he developed a noise 

model for analyzing the noise level. He got the results of the empirical data which found to fit with results obtained with the aid of 

noise model. The analysis showed that noise level increases as wind speed increases. So it concludes that there is a good correlation 

between wind speed and noise level in the frequency range between 500 Hz to 8000 Hz [7]. 
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III. STATIONARITY AND GAUSSIANITY ANALYSIS OF AMBIENT NOISE 

 Stationarity Analysis 

Most of the signals processing techniques are only valid if the assumption of stationarity is true. Consider a random process 𝑥(𝑡) 

with two distinct sets of samples 𝑥𝑡1 and  𝑥𝑡1+𝜏, where the second sample is just displaced in time by an arbitrary constant T. The 

two sets are characterized by their joint probability density functions shown in (1) and (2) respectively, 

 

p(xt1 , xt2, xt3 … … … )                                               (1) 

 and 

p(xt1+τxt2+τxt3+τ … … … )                                             (2) 
These two probability distribution functions may or may not be identical. If they are equal, the process is stationary in the strict 

sense (or simply, stationary). However, there is a variety of different degrees of stationarity and non-stationarity. 

When the two probability distribution functions are not equal, as can be seen in (3), 

p(xt1 , xt2, xt3 … … … ) ≠ p(xt1+τxt2+τxt3+τ … … … )     (3) 

Then the process is said to be non-stationary [8]. 

 Gaussianity Analysis 

Gaussianity implies a Gaussian process. It is a process which follows Gaussian (or normal) distribution. Equation (4) gives the 

probability distribution function of the Gaussian distribution. 

f(x) =  
1

√2πσ2
e

−(x−μ)2

2σ2                                                   (4) 

Gaussian distribution of signal is represented in terms of statistical characteristics like mean, variance, skewness and kurtosis. 

Where a mean gives the location of the center of gravity of PDF, variance gives a measure of dispersion or spread of signal from 

the mean. The kurtosis for the Gaussian distribution function is equal to zero and functions that have sharp peak than the Gaussian 

distribution have a positive kurtosis and flatter distributions have a negative kurtosis value [9] which is shown as in Fig. 2. 

 
Fig. 2: Gaussian processes where parameter 𝜇 is the mean and  𝜎2 is the variance [19] 

M. J. Levonen examined the stationarity length of ambient noise data from the sea trial in the Baltic Sea (almost 800 data files). 

Kolmogorov-Smirnov two-sample test was used to find the stationarity length. K-S test results show that the stationarity lengths 

of data vary over time and with location. It found that a large proportion of dataset had a stationarity time of roughly 0.4 seconds, 

or slightly longer [10].  

Eva Dalberg investigated the properties of acoustic ambient noise data in the Baltic Sea. The data was found to be non-

stationary, both by applying the tests based on Bispectrum and by viewing the varying skewness and kurtosis. The skewness values 

found as small, and the symmetry test also showed that the data set is mostly symmetric, and therefore also linear. The kurtosis 

values found as high at some points in the data set, which indicates the presence of transients. Wind speed turned out to have the 

biggest influence on noise levels [11].  

Lisa A. Pflug investigated the stationarity and local Gaussianity of ambient shipping noise. Up to fourth moments are analyzed 

to identify the time periods of non-stationarity in the noise. Then the investigations summed up to indicate that the third order 

moments get deviated from Gaussianity more than the fourth order moments. It found that, while shipping noise at the deeper 

waters appears to be somewhat non-Gaussian during particular time periods, the shallow depth data appears Gaussian [4]. 



Study of Statistical Tests for Underwater Ambient Noise  
(IJSTE/ Volume 2 / Issue 07 / 035) 

 

 All rights reserved by www.ijste.org 
 

158 

IV.   STATISTICAL TESTS 

Different tests have been applied to check for Gaussianity, stationarity, and non-randomness in the data. This chapter gives a brief 

mathematical description of all the tests that have been used to verify statistical characteristics of the ambient noise signal. 

 Kolmogorov-Smirnov(K-S) two-sample test for stationarity 

K-S two-sample test compares two Cumulative Distribution Functions of two samples from same distribution and finds the 

presence of a significant difference between them as shown in Fig. 3. If they are approximately equal, according to test statistic, 

then the process is said to be stationary. K-S two-sample test uses two estimated cumulative distribution functions to produce the 

test statistic. It is defined as the maximum absolute distance between the two unknown cumulative distribution functions. Equation 

(5) gives the formal definition as, 

D = supx|CDF1(x) − CDF2(x)|                   (5) 

If the variables are discrete, then test is valid, but it becomes conservative, which means the risk of making a type I error is less 

than stated. Here the two-sided K-S test has been applied with a significance level of 0.05. 

The approximation for large samples given by (6) is as, 

p =
1.36

√n
                                                    (6) 

It is used since the number of points, n is greater than 40. The p-value is the threshold to which the test statistic is compared [10].  

 
Fig. 3: Gives The Representation of K-S Two Sample Test Statistic. 

B. Kolmogorov-Smirnov (K-S) one sample test for stationarity 

KS test is the goodness of fit test. This test is based on the maximum difference between an empirical and a hypothetical cumulative 

distribution. Suppose that a population is thought to have some specified cumulative frequency distribution function, say F0(x). 

That is, for any specified value of x, the value of F0(x) is a proportion of individuals in the population with measurements less 

than or equal to x. The cumulative step-function of a random sample of N observations is expected to be fairly close to this specified 

distribution function. If F0(x) is the population cumulative distribution, and SN(x) the observed cumulative step-function of a 

sample i.e. SN(x) = k/N, where k is the number of observations less than or equal to x, then the sampling distribution given by (7). 

d = max|F0(x) − SN(x)|                        (7) 

It is known and is independent of F0(x) if F0(x) is continuous [11]. The procedure required for this is to draw the hypothetical 

cumulative distribution function on a graph and to draw curves a distance 𝑑∝(N) above and below the hypothetical curve shown 

in Fig. 4. If SN(x) passes outside of this band at any point, it will be rejected, at a level of significance, the hypothesis that the true 

distribution is F0(x). Thus, the only part of the observed distribution has been plotted in Fig. 4; if it were plotted completely, it 

would, of course, rise to 1.0 on the vertical scale. Once the observed curve passes out of the acceptance band, the theoretical curve 

is rejected regardless of the later behavior of the observed curve. 
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Fig. 4: Graphical Method of Applying the K-S Test [20] 

The continuous curve represents the theoretical distribution, and the broken curves are at distance ±d_∝(N) from it. The step-

function represents part of the observed distribution. Rejects null hypothesis unless the step-function lies entirely between the 

broken curves [12]. 

C. Lilliefors Test 

The Lilliefors test is a goodness-of-fit test suitable when a fully-specified null distribution is unknown, and its parameters must 

be estimated. In contrast to the one-sample Kolmogorov-Smirnov test, this requires that the null distribution should be completely 

specified. In Lilliefors test, the empirical cumulative distribution function estimated from sample X is compared with cumulative 

normal distribution function with mean and standard deviation equal to the mean and standard deviation of the sample. 

The Lilliefors test statistic is same as for the Kolmogorov-Smirnov test and is given by (8). 

D = max|F∗(x) − SN(x)|                      (8) 

Where 𝑆𝑁(𝑥) is the cumulative distribution function, and 𝐹∗(𝑥) is the cumulative normal distribution function with𝜇 = �̅�, the 

sample mean, and 𝜎2 = 𝑠2, the sample variance. If the value of D exceeds the critical value decided as 0.05 here, then reject the 

hypothesis that the observations are from a normal distribution [13].  

 Shapiro-Wilk (SW) Test 

The Shapiro-Wilk test uses the null hypothesis principle to check whether a sample 𝑥1 + ⋯ + 𝑥𝑛 came from a normally distributed 

population. Equation (9) gives the test statistic as: 

W =  
(∑ ai

n
i=1 x(i))

2

∑ (xi − x̅)2n
i=1

                                                          (9) 

Where, 

- 𝑥𝑖 is ith order statistic, i.e., the ith smallest number in the sample; 

- �̅� = (𝑥1 + ⋯ + 𝑥𝑛)/n is the sample mean; 

the constants 𝑎𝑖 are given by (10), 

 (𝑎1, … , 𝑎𝑛) = (𝑚𝑇𝑉−1)/(𝑚𝑇𝑉−1𝑉−1𝑚)1/2               (10) 

 

Where, 

m = (m1, … , mn)T 

And 𝑚1, … , 𝑚𝑛 are the expected values of order statistics of an independent and identically distributed random variables that 

sampled from the standard normal distribution, and V is a covariance matrix of those order statistics. The null hypothesis gets 

rejected for the value of W is less than the predefined threshold [14]. 

The null hypothesis means the distribution is normal. Hence, if the p-value is less than the chosen alpha level, then the null 

hypothesis is rejected, giving the evidence that the data tested are not from a normal distribution. On the contrary, if the p-value is 

greater than the alpha level, then the null hypothesis cannot be rejected if the data came from a normal distribution. e.g. for an 

alpha level of 0.05, if the data set gives a p-value of 0.02 then it rejects the null hypothesis that the data are from a normal 

distribution 

Frank J. Massey described the Kolmogorov-Smirnov test for goodness of fit that quantifies a distance between an empirical and 

a hypothetical cumulative distribution. He tabled percentage points and charted a lower bound to the power function. He presented 

some evidence indicating that when it is applicable, it may be superior to the chi-square test [12]. 

Hubert W. Lilliefors described the goodness of fit test for normality with mean and variance unknown. Unfortunately, when 

certain parameters of the distribution have to be estimated from the sample, then the Kolmogorov-Smirnov test no longer applies. 

But Lilliefors test is suitable when a fully-specified null distribution is unknown, and its parameters must be estimated [13]. 
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Shapiro and Wilk’s (1965) W statistic provided the best test of normality but currently limited to sample sizes between 3 and 

50. J. P. Royston extended the value of W up to n = 2000, and he given an approximate normalizing transformation suitable for 

computer implementation. He suggested a novel application of W in transforming data to normality, using the three-parameter 

lognormal as an example [14]. 

Es-Said Akhouayri et al. presented the method for testing of stationarity and detection of its abrupt change. They divided the 

signal into intervals of equal lengths and checked local stationarity by using the cross-correlation between two consecutive 

intervals. Because of its ability to emphasize abrupt changes in the signal frequency, it can be employed to detect weak signals 

present in a stationary noise background. They demonstrated the technique on the problem of identifying and picking P-arrival 

phase seismic on seismic signals [15]. 

Fanggang Wang and Xiaodong Wang proposed a new approach to modulation classification based on the Kolmogorov-Smirnov 

(K-S) test. They computed the empirical cumulative distribution function (ECDF) of some statistic derived from the received signal 

and compared it with the CDFs or the ECDFs of a signal under each candidate modulation format. After that, they developed the 

K-S based modulation classifiers for various channels that include AWGN channel, flat-fading channel, OFDM channel, and 

channel with unknown phase and frequency offsets, and also non-Gaussian noise channel, for both QAM and PSK modulations. 

Simulation results demonstrated that compared with the traditional cumulant based classifiers, the proposed K-S classifiers offer 

superior classification performance and require less number of signal samples [16]. 

 Rajveer K. Shastri tested whether the ambient noise in tropical waters of the western coast of Indian continental was Gaussian. 

He tested Gaussianity of ambient noise data using the graphical and numerical method. Then he verified the data using formal 

normality tests like Kolmogorov-Smirnov (KS) test and Lilliefors (LF) test. He recorded ambient noise at 30m of depth using 

passive sonar that found as non-Gaussian. Then he calculated the percentage of Gaussianity periodically eight times over the day 

at an interval of one hour every five minutes recording. As per the results obtained, he concluded that the effect of noise sources 

like wind speed, tide height, and temperature is found linear, on the percentage of Gaussianity [17]. 

V. SUMMARY 

The study of underwater ambient noise is a complex subject. In this paper, we focused on basics of underwater ambient noise such 

as sources of ambient noise. It found that a linear relationship between noise spectrum and wind speed existed for the frequency 

range between 500 Hz and 8 kHz. Also, study of Gaussianity and Stationarity of ambient noise data is analyzed here and studied 

different statistical tests for ambient noise data according to statistical characteristics. By using KS two-sample test, it found a 

stationarity data for time duration of 0.4 seconds. Shapiro-Wilk test provided the best test of normality but limited to sample sizes 

between 3 and 2000. Here, Gaussianity of ambient noise data is tested using graphical and numerical method. Then verified the 

data using normality tests like KS test and Lilliefors test and calculated the percentage of Gaussianity. 
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