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The level of underwater noise in the oceans has increased evidently over the past 70 years mainly 

due to increase of shipping. Noise can disturb physiology and behaviour of marine organisms 

disrupting their life processes. The level of noise of the anthropogenic origin is especially very 

high in the Baltic Sea, where shipping density is one of the highest in the world.  Throughout  the  

year 2014  eight Baltic countries in the project BIAS (Baltic Sea Information on the Acoustic 

Soundscape),  were measuring the level of underwater noise in 38 locations mainly in the vicinity 

of shipping lines. Five WildLife Acoustics SM2M recorders were deployed at depths from 12m 

to 80m in the Polish zone of the Baltic Sea. The devices were continuously registering ambient 

noise with sampling frequencies from 24kHz to 96 kHz. Additionally, the wind speed and its 

direction were recorded. The dislocation of ships, their speed and course were acquired from the 

AIS system data. Recognition and quantification of the noise events was done in 1/3-octave 

frequency bands. In addition, spectral, statistical and wavelet energy parameters were computed 

as input to Principal Component Analysis and fuzzy logic clusterization algorithm, resulting in 

the separation of ambient noise sources. The presented method enabled the automatic detection 

of noise generated by vessels from the underwater ambient noise. 

1. Introduction 

The level of ocean underwater noise has increased by 12-15 dB (Bjørnø, 1998) from the end of 

IIWW as a result of growing human activity. The sources of underwater noise are manmade machines, 

such as ship, motorboat or loud acoustic devices used for the exploration of mineral deposits as well 

as ammunition explosions, impulses sent by echo sounders and sonars, drilling platforms, dredgers 

and many others. All of them produce noise of different ranges, frequencies and intensities, and their 

effect on the natural environment classifies them as a source of manmade noise pollution, harmful 

for many components of the natural world. Anthropogenic sounds are potentially harmful and 

dangerous to marine organisms and can even lead to their death. 

This problem is discussed in a number of serious international documents, such as the Marine 

Strategy Framework Directive, the ASCOBANS Agreement on the Conservation of Small Cetaceans 

in the Baltic Sea, North East Atlantic, Irish and North Seas and the HELCOM Baltic Sea Action Plan. 

For implementing of recommendations of Descriptor 11 of the European Union Marine Strategy 

Framework Directive (MSFD), a monitoring project “Baltic Sea Information on the Acoustic 

Soundscape” (BIAS) has been developed [1].   

The main goal of the BIAS project was monitoring of ship noise in the Baltic and results of this were 

the input of the model of ship noise prediction. The model based on noises recorded in the Baltic in 

2014 and the knowledge of the intensity of ship traffic will make it possible to determine future levels 

of underwater noise only from the number, route and speed of vessels in the Baltic Sea. Maritime 
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authorities will receive an effective tool to monitor the intensity of underwater noise caused by sea 

vessels without undertaking costly and difficult hydroacoustic measurements. 

The project should establish standards for the methodology of anthropogenic origin noise 

measurement and management in the Baltic Sea region. Six countries are involved in the BIAS 

project: Sweden, Finland, Estonia, Poland, Germany and Denmark.  38 sound buoys, including 5 

Polish devices, deployed in areas of particularly intense ship traffic -  were recording the level of 

underwater noise throughout the year 2014. The subject of this paper is an attempt of the 

anthropogenic noise classification , where spectral and wavelet parameterization of the recorded 

underwater noise is used for recognition of noise sources.  

2. Data acquisition and signal processing 

The localisation of Polish underwater noise recorders is shown in figure 1. In the Polish part 

 

 
 

Figure 1: Map of Southern Baltic Sea with localisation of hydroacoustic recorders deployment in the Polish 

part of the BIAS project. 

 

of the BIAS project WildLife Acoustics SM2+ recorders collecting acoustic data with 16 bit dynamic 

range and sampling frequency 24 kHz were used. Registration was being conducted continuously by 

the whole 2014 year. To avoid the buoys damage by trawl nets, special anchoring systems were 

constructed at the Hel Marine Station of the University of Gdańsk, which fixed the flexible buoys to 

the bottom and made them survive the trawling courses.  

The recorded sounds were analysed in order to determine the level and type of underwater noises 

in relation to the intensity of ship traffic, based on information from the AIS (Automatic Identification 

System), FMS (Fisheries Monitoring Centre) and wind speed.  

The requirement of the MSFD is delivery of mean sound pressure levels (SPL) in the 1/3-octave 

bands centred on 63 Hz and 125 Hz over 1 second. Additionally, in BIAS project the SPL for 1/3-

octave 2000 Hz and 10 Hz-10000 Hz bands were estimated.  

For data collected in the Polish part of BIAS, the procedure of underwater noise classification is 

proposed. For each registered 1 second signal portion sampled with 24 kHz, the 23 spectral and 

wavelet transformation parameters were computed. Following Pace and Gao [2], the normalized 

power spectrum )(
~

fS  is the base of classification parameters defined as the relationships between 

fragments of spectral density functions: 
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where m=1, 2, 4, 8, 16 and fNy is the Nyquist frequency. The additional spectral parameters are 

combinations of spectral moments the r-th order (r=0, 1,..,7) defined as:  

  ωdωSωm r
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where  S  is the Fourier power spectral density. Spectral moments and spectral density are the base 

for computation of spectral widths and spectral skewness. The spectral widths 2, 2 and spectral 

skewness   are defined as [3]:   
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The continuous wavelet transformation of 1 second signal portions computed for the 7-channel 

dyadic decomposition (scale a=2j, j=1,..,7) and 3rd-order Coiflet wavelet is the base for determination 

of wavelet energies: 
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where C(a,b) are the wavelet transformation coefficients, bmin  and bmax are boundary values of scale 

b (time).  

The above defined parameters [mr, Dqm, 2, 2, , Ej,Coif3] formed 23-element vectors for each 1 

second long part of the recorded signal. Some of the parameters are mutually correlated, what requires 

the elimination of redundant information. The used principal component analysis (PCA) for input 

data set reduction resulted in similar signal segmentation effectiveness. In successive calculations we 

used four of first PCs, which ensured above 96% of cumulative variation and resulted in loss of less 

than 4% of information.    

In the next step, we tested the subtractive cluster analysis [4] for determination of the number 

clusters needed for the classification procedure. However, for clarity of interpretation of segmentation 

results we predetermined the number of clusters as four.   

The principal components were the input to fuzzy c-means (FCM) segmentation procedure, which 

indicates main types of underwater noise registration as sounds coming from ships, breaking surface 

waves and other underwater noise sources. 

3. Results 

The result of the classification algorithm is shown in the example of data recorded by underwater 

acoustic buoy labelled as 1 in Fig. 1. The continuous registration was conducted from 11th to 12th of 

June 2014. The Figure 2 presents example of 12 hours and 25 minutes of ambient noise registration. 
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At this time, the wind speed does not exceed 2 ms-1 and large amplitude fluctuations are caused only 

by ships passing nearby sound recorder anchored at the bottom at a depth of 71 m.  

 

 

 
 

Figure 2: Example of 12 hours and 25 min continuous underwater ambient noise registration by recorder 

number 1 at 11th of June 2014. 

 

Our assumption on different sources of ambient noise is confirmed by spectrum shape (Fig.3). 

Noise spectrum level (NSL) was calculated in 1 second time spans. We observed that NSLs 

demonstrates maximum and fluctuations especially for the low frequency range from 10 Hz to 200 

Hz – typical for shipping traffic noise. Also local maxima of NSL at frequencies of 63 Hz and 125 

Hz are visible (1/3-octave bands centred on 63 Hz and 125 Hz are required by the MSFD). 

   

 

 
 

Figure 3: Noise spectrum level of signal registration presented in Fig.2. 

 

Fig. 4 presents variability of SPL for two days of registration. SPLs are computed for 1/3-octave 

band centred on 2000 Hz and a wide spectrum of sounds 10 Hz – 1000 Hz. Data were collected by 

recorder number 1 (see Fig. 1). The high frequency SPL is predominantly depended on weather 

conditions – breaking waves generated by wind. The top picture of Fig. 4 shows the wind speed 

fluctuating from 0 ms-1 to 10 ms-1. The good correlation between sound speed higher than 6 ms-1 and 

high frequency SPLs is observed. The rapid increase in wind speed at about 2:00 am of second day 
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of registration causing in rapid shift of high frequency SPLs (2000 Hz and 10 Hz – 10000 Hz bands). 

The high sea level noise masks the ship traffic noise at higher frequencies. 

 

 

 
 

Figure 4: Variability of SPLs for 10 Hz -10000 Hz band and 1/3-octave band centred on 2000 Hz. Top pic-

tures present wind speed and number of ships in distance of r = 5 km, 10 km and 15 km from the recorder 1.  

 

 

 

 

 

 

 

 

 
   

 

Figure 5: Results of fuzzy logic clusterization algorithm (bottom picture) – indication of ships – the cluster 

number 2 in bottom picture. Above are sequentially shown variability of SPLs of 1/3-octave bands centred 

on 63 Hz and 125 Hz, number of ships in distance of r = 5 km, 10 km and 15 km from the recorder 1 s 

and wind speed. 
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Fig. 5 presents results of fuzzy logic clusterization algorithm (bottom picture), which indicates the 

ships traffic noise – cluster 2. The ship traffic is also visible in situation, when the high sea level 

(wind velocity higher than 6 ms-1) generates low frequency noise – top picture of Fig. 5. The clusters 

shown as 0, 1 and 3 indicate the other sources of underwater noise as breaking waves, surf zone 

sounds of geophysical and biological origin.    

5.   Conclusions 

The methodology and data presented here indicate strong relationship between features of 

underwater ambient noise properties characterized by its spectral and wavelet parameters and 

environmental conditions and shipping traffic. This relationship has been used for recognition of ship 

traffic, even for the high sea state. The clustering algorithm containing computation of noise 

parameters as an input to PCA procedure and next fuzzy c-means algorithm delivers information on 

different sound sources, especially of underwater noise of anthropogenic origin. The presented 

method can be used for big data set indicating the ship noise, when information on ship traffic from 

AIS system is not available.   
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