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SUMMARY 

The report shows the cluster analysis method use to classify the type of bottom from echo 
sounder records obtained during the survey of the Black Sea northwestern part in the research 
expedition “Black Sea – 2019”. This technique is based on a bottom classification process, 
using the analysis of the first and second bottom reflections to give an estimate of bottom 
type along the ship's track. This approach is similar to that used in the RoxAnn commercial 
system. However, multivariate analysis is adopted when grouping bottom types instead of the 
distribution system commonly used in the RoxAnn system. A fuzzy cluster analysis of the 
data was performed on the primary data of the Lowrance HDS12 Carbon obtained during the 
expedition “Black Sea 2019”. According to the result of the cluster analysis, it is shown that 
this approach can be used for the seabed types classification. 
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Introduction 
The latest information on the composition of the seabed or river is very important in practice. It 
includes marine geology, marine biology, coastal construction sites such as cable and pipeline routing. 
Samples of sediments are taken to obtain the necessary information. These samples are then analyzed 
in the laboratory, which requires a lot of time and money. Therefore, a promising approach is the use 
of acoustic methods and means of remote sensing to classify deposits, such as single-beam echo 
sounder and multi-beam echo sounder (MBS), which are already widely used to measure depth. The 
single-beam sounder provides one measurement per parcel, and the MBS can take up to 500 
measurements per parcel in a wide viewing lane perpendicular to the direction of the ship's course. In 
(Hughes, 1994; Hellequin et al., 2003; Canepa, Pouliquen, 2005; Simons, Snellen, 2008, 2009; Amiri-
Simkooei et al., 2009), a number of MBS classification approaches can be found. Despite the 
advantages of MBS, the single-beam sounder remains the most widely used tool. Various approaches 
to classification using single-beam sonar systems can be found in the literature (Collins, et al., 1996; 
Hamilton, et al., 1999; Bates, Whitehead, 2001). As the exploitation of marine biological resources 
increases, effective management of the marine environment becomes important for a sustainable 
environment. Base maps of biological as well as physical and geological resources are necessary for 
effective management of the marine environment. The practice of mapping resources using satellite 
remote sensing and airborne platforms is well established for ground control. On the other hand, 
mapping of marine biological resources is not available, except for the share obtained for surface 
waters from satellite color mapping of the ocean. Although acoustic tools and methods have been 
used for some time to assess pelagic biomass, only recently have acoustic methods been used to map 
marine biological resources of benthic communities. Examples include (Davies et al., 1997) using the 
RoxAnn system, and (Prager et al., 1992) using the QTCview system. This report shows the use of 
cluster analysis to classify the bottom type from the sonar recordings obtained during the survey of 
the northwestern part of the Black Sea in the research expedition "Black Sea - 2019". This technique 
is based on the bottom classification process, using the analysis of the first and second bottom 
reflections to assess the type of bottom along the vessel's route. This approach is similar to that used 
in the commercial RoxAnn system. However, when grouping bottom types, a multivariate analysis is 
adopted instead of the distribution system commonly used in the RoxAnn system. 
Method and Theory 
There are two key factors in the RoxAnn system - the so-called parameters E1 and E2. E1 is 
the integration of the tail of the first acoustic bottom reflection, and E2 is the integration of 
the full second acoustic bottom reflection. The rationale for this is that the energy in the tail 
of the first acoustic signal (E1) is due to the roughness of the seabed, and the energy of the 
entire second acoustic signal (E2) is due to the hardness of the seabed (Chivers and Burns, 
1992). These parameters are commonly represented as "roughness" and "hardness" of the 
seabed. Heald and Pace (Heald and Pace, 1996) for E1 and E2 give theoretical expressions 
derived from scattering theory. With increasing depth of propagation of the acoustic beam 
causes the appearance of long echoes (Fig. 1). The time taken from the arrival of the 
wavefront in the center of the acoustic beam to the moment of passing the level of -3 dB, 
increases with depth. This leads to an increase in the pulse length of the feedback signal with 
depth (t2> t1). The following expression is used to calculate the parameters of roughness and 
hardness of the bottom: 
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where d – is the number of Sv values within the tail of the first acoustic reflection from the 
bottom and within the full second acoustic reflection, respectively, for the parameters of 
roughness and hardness of the bottom; Sv - backscattering coefficient; p – is the number of 
pings in the horizontal interval. 
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Figure 1 The effect of the pattern on the pulse length of the first reflection from the bottom 
surface 
 
Results 
In fig. 2 presents the initial data of the Lowrance HDS 12 Carbon obtained in the Black Sea 
2019 expedition. 

 
Figure 2 Primary data from the sounder Lowrance HDS 12 Carbon 
 

The requirement to find an unambiguous clustering of elements of the studied problem area is 
quite strict, especially in solving poorly structured problems of systems analysis. Fuzzy 
clustering methods weaken this requirement. The weakening of the requirement is due to the 
introduction of fuzzy clusters and their corresponding membership functions, which take 
values from the interval [0, 1]. In the general case, the task of fuzzy clustering is to find a 
fuzzy partition of the set of elements of the studied population, which form the structure of 
fuzzy clusters, the court is in the primary data. This problem is reduced to finding the degrees 
of belonging of the elements to the desired fuzzy clusters, which together determine the fuzzy 
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partition of the initial set of the considered elements (Bezdek et al., 1987). In fig. 3 presents 
the results of fuzzy cluster analysis of the sounder data. 

 
Figure 3 Clustering of Lowrance HDS 12 Carbon sonar data by fuzzy classification 

 
Figure 4 presents the classification of marine sediment types according to the Fuzzy c-Means 
algorithm, which is one of the methods of fuzzy clustering. Bottom sediments are divided 
into 5 types (clusters). 
 

 
Figure 4 Classification of marine sediments into 5 types (clusters) 
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Conclusions 
An approach to classification using cluster analysis based on the Fuzzy c-Means algorithm 
(fuzzy classification) is proposed. This makes it possible to classify the bottom types 
according to E1 and E2, and also provides the ability to include other important parameters. 
The method showed that a combination of the RoxAnn multiple reflection technique and the 
cluster analysis applied to the acoustic data provided by the sounder could be used for bottom 
classification. It requires that both the first and second reflections of the signal be available in 
the sounder signal. Fuzzy cluster data analysis was performed on the primary Lowrance 
HDS12 Carbon data obtained in the Black Sea 2019 expedition. Cluster analysis shows that 
this approach can be used to classify seabed types. 
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