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Abstract. Seabed characterization in coastal environments is usually based on acoustic techniques.
Since intrusive measurements are very time-consuming, data acquired by echosounders are the best
option for classification purposes. The acoustic seabed response is measured by recording local aver-
ages of the intensity field during a time interval, which contains the first echo produced by a sonar pulse
excitation emitted from the water surface. The standard methodology for the sea bottom classification
relies on the accurate extraction of features, which enable a classical multivariate cluster analysis. The
effectivity of such reduction of dimensionality on the data may be enhanced by a preprocessing of the
signals based on physical knowledge about the acoustic behaviour of the intensity curves depending
in the relative position of the echosounder with respect to the seabed. The automatic seabed classifi-
cation proposed in this work is performed by means of either time series cluster methods or functional
data analysis (FDA) non-hierarchical cluster techniques. In both cases, this method does not require
any a priori knowledge of the feature extraction on the sonar curves. More precisely, unsupervised
methods such as the FDA K-means method, the multivariate medoids cluster, and time series cluster
techniques have been applied. The supervised FDA techniques such as functional generalized linear
models (GLM) and generalized spectral additive models (GSAM) have been also considered. The pro-
posed technique is illustrated with some sonar data measured in a controlled environment (where the
real classification is well-known) and compared with those results obtained with classical multivariate
hierarchical cluster tools.
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1 Introduction

Acoustic data obtained with sonar devices provide important information about seabed characteristics:
bathymetry, bottom type, presence or absence of vegetation, etc. Therefore, this type of data have been
widely used for benthic habitat mapping [1, 9]. The analysis of these data has been addressed from
different perspectives (multivariate statistics, spectral analysis, energy integration, etc). Multivariate
methods of supervised and unsupervised seabed classification are usually applied to databases composed
by relevant features extracted from acoustic echoes. The selection of representative features is by no
means trivial. Currently, there are several alternatives that combine feature selection, taking into account
the physical meaning of the acoustic response, with statistical dimensional reduction procedures, such as
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Principal Component Analysis (PCA) [6, 10]. However, the automatic classification of seabed is still an
open problem. The application of classification techniques involving Functional Data Analysis (FDA)
[11] and also time series classification (based on dissimilarity measures) are promising approaches on
this field. The main advantage of FDA and time series methods lies in the fact that their uses do not
require an a priori knowledge of the physical problem, what is absolutely necessary to extract accurately
the vector of features from the intensity curves, a must in most standard classification methods.

2 Data description and acoustic preprocessing

The acoustic survey was carried out on July 2014 with excellent weather conditions (without wind or
waves on the water surface) from a small boat (~ 5m length). Acoustic data were recorded with a
single-beam echosounder (EA400P Simrad), working with a 38 and 200kHz transducer, at three dif-
ferent sampling points (two over sandy bottoms: fine sand (class CPO1) and fine sand with vegetation
(CP02) and one over rocky bottom (CP03)) located near the Marine Protected Area of Cabo de Palos
(Murcia, Spain). Overall 1383 curves have been obtained: 941 for CPO1 class, 160 for CP02, and 282
corresponding to CP03 (see Figure 1). At each survey point several recordings were done varying pulse
length, power and depth. This last factor was modified by lowering down the transducer vertically using
a rope.
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Figure 1: First echo recorded at 200kHz, plotted for some of the corrected intensity curves of each
seabed class. Black solid lines: CPO1 class, red dashed lines: CP02 class and blue dotted lines: CP03
class.

The dataset consists in all the echoes recorded, allowed us to analyse the effect of different settings
on the bottom acoustic response. In this work only data with the same pulse length were analysed (256 us
for 200kHz and and 10246 us for 38kHz), since previous analyses showed that changes in pulse length
introduce relevant modifications in echo shape that would need a special correction. Acquired acoustic
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data have to be corrected in order to remove the spreading and attenuation effects. In this sense, after
bottom detection, time and power adjustment have been applied to raw data (see Figure 1). Moreover,
corrected echoes were convoluted with a stretching kernel that made echo lengths comparable [13]. All
these corrections were computed using ECOSONS software [14].

3 Supervised and cluster procedures

The present work proposes automatic seabed classification by means of supervised and unsupervised
methods. For supervised classification, under a FDA perspective, generalized linear models (GLM) and
generalized spectral additive models (GSAM) have been applied to estimate the seabed class (used as re-
sponse variable) depending on acoustic intensity curves (considered as functional independent variable).
Both functional variables and functional parameters have been appropriately represented in a B-spline
basis [11].

Unsupervised classification has been performed using time series cluster procedures and FDA tech-
niques. In this last case, a FDA version of the K-means algorithm has been applied [3]. Concerning to the
time series classification, different measures of dissimilarity between time series have been computed be-
fore cluster algorithms application based on different approaches [7]. To evaluate the performance of the
unsupervised classification methods, three different indicators have been considered: i) Cohen’s k index,
ii) the classification accuracy (both computed from the contingency table values), and iii) the Clustering
Evaluation Index (CEI) based on known ground truth [4], which computes the similarity between the
right known classification and that one obtained with a method under evaluation.

Supervised and unsupervised methodologies have been applied to seabed echoes data and compared
with the classical multivariate approach using hierarchical clustering (using Ward’s linkage method and
the Euclidean distance). R libraries fda.usc, fpc, TSclust, and stats have been used to perform the
classification tasks. Although the dataset has been acquired at just three sampling points (thus mini-
mizing variability among intensity curves within the same group), the computed classification has been
significantly better than those obtained in [8, 15] (both of them using QTC software, the de facto standard
for single-beam seabed classification) and even than those recently obtained in [2, 5, 12], where multi-
beam data is analysed (the gold standard echosounder with highest acoustic resolution). Moreover, in
the present dataset two bottom types are remarkably similar (both classified in situ as fine sand) with
only differences in roughness and compacity levels, illustrating that FDA and time series methodologies
represent a promising new approach for statistical bottom echo classification.

In conclusion, the application of FDA and time series cluster techniques provides classification esti-
mates highly concordant with the real classes of seabed (from supervised and unsupervised approaches).
The results are highly competitive with those obtained by existing classical multivariate methods based
on features extraction with a required a priori expertise. In fact, the proposed FDA and time series
classification methodologies prevents the previous features selection and allow to automatically classify
seabed without necessity of an expert knowledge on the echo curves.
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