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Classification of the signals presenting
different representations of the same process

In this paper there are presented results of applying the methods of the time series analysis to the
problem of recognizing small boats. It has been showed that the acoustic signals of the boats can be
classified by means of clustering algorithms.

INTRODUCTION

The classification of collected during diagnostic tests data gives us a better view on
process of exploitation of the mechanism. Thus we can distinguish differences in dynamics
of the whole system and obtain information about its shape. The problem of data
classification has been intensively studied in the literature, detail discussion can be find in
the following [1-7]. The common approach is based on computing a set of characteristic
features for each time series, and then by comparing these values, the investigated objects
are classified to different groups. The same situation we may find during investigating data
from diagnostic measurements. One of the most difficult situations is when we have to deal
with very similar signals, and we do not have any clues about the relations between signals
and corresponding classes. An example of such situation can be meet when we have signals
obtained from the objects of the same type.

In this paper we are going to identify objects, by splitting the collection of measures into
different clusters. On this base we can compare two recordings made with time interval and
check how the dynamics differs.

Our data contains different representations of the same process, they came from the
hydro-acoustic experiment with different types of boats. From the variety of possible
characteristics we have chosen the hydro-acoustic one, due to its attractiveness from the
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diagnostics point of view. During the sea trial we can record data, which presents the whole
dynamics of the system (boat), tests at harbour cannot reveal such a results. Interaction
between sea environment and the hull, including different mechanism on board, all this can
give us better view on the changes in dynamics of the system. All those features are
reflected in the hydro-acoustical signals.

1. Experimental data

The fingerprints of each ship are the unique vibrations of the hull, when the sea
surface interacted with it while the ship is moving. If the distribution of those
vibrations is totally random then hydro-acoustical signals should have also stochastic
component and all the attempts to investigate this phenomenon by using deterministic
methods must fail due to the stochastic nature of this process. By searching for these
signatures we can answer the question about the vibration distribution and this would
substantiated using nonlinear time series analysis methods to investigate hydro-acoustic
phenomenon.

So far many attempts have been made to detect behavior characteristic for deterministic
systems in the data coming from the real world. Finite number of points as well as finite
resolution of those kind of data makes this investigation difficult to obtain satisfactory
results. In this particular case we would like to use the method of surrogate data [8, 9], which
provides statistical test for the null hypothesis that the data has been generated by a linear
stochastic process. If this null hypothesis cannot be rejected, then most results of a nonlinear
analysis are not correct. This kind of test is based on comparing the value of nonlinear
measure for the original data and a number of surrogates.

2. Description of the data

In order to check the character of the vibration distribution we introduce hypothesis
that the data was generated by a stationary Gaussian linear stochastic process. Computing
nonlinear statistics on the data allows distinguishing deviations from the null hypothesis,
our main purpose is to show that the original data x!, differs significantly from the
surrogates which are design as realizations of the null hypothesis.

The original data consists of samples of sound recorded on the test area while boat was
approaching to the sensor. The sound made by the ship is detected by hydro-phones (sensor)
which are connected to the standard PC computer equipped with the sound card. Recordings
were downloaded into the hard-disk as a .wav files. The whole recording consists of
2.500.000 samples, therefore we split it, and for further considerations we have used only 30
segments of length 10000 points starting from the beginning of the recording. We decided
to chose this part, due to its attractiveness from the analysis point of view. The boat is
relatively far from the sensor and the signal is contaminated by the sound background of the
sea. Both of them, boat and sea present a specific dynamics and in fact they can be

































