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a b s t r a c t

There is a manifest shortage of audio databases available to underwater acoustics researchers. With the
aim of palliating this situation, ShipsEar, a database of underwater recordings of ship and boat sounds,
has been made available to the research community at http://atlanttic.uvigo.es/underwaternoise/. The
database is currently composed of 90 records representing sounds from 11 vessel types. It includes
detailed information on technical aspects of the recordings and environmental and other conditions dur-
ing acquisition. To demonstrate the usefulness of ShipsEar, a vessel classifier was developed, based on
cepstral coefficients and Gaussian mixture models. It was tested on a subset of ShipsEar database in
which the original 11 vessel types were merged into 4 vessel size classes. The system yielded an overall
classification rate of 75.4%, and 100% accuracy in detecting vessel presence. ShipsEar is potentially useful
for the development and testing of applications based on processing underwater vessel sound.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Interest in the sound vessels make underwater arose with the
invention of sonar [1], a system that uses underwater sound to
detect, locate, identify and control objects in the sea. Sonar has
been used primarily for military purposes, but interest is growing
in non-military use, for instance, in maritime traffic management,
fishing and protection of the marine environment.

Analysis of the sound characteristics of vessels is useful to
improve ship design to make them quieter or more efficient, to
assess environmental impact and to develop models to predict
and simulate vessel noise. This type of study no longer focuses
on warships – see [2] for one of the few studies of
warships – and research vessels, which are purposely designed to
be quiet [3–5]. As Patterson et al. [6] point out, growing social and
institutional concerns about noise pollution at sea is promoting
studies of underwater noise produced by all types of vessels,
including freighters [7,8], icebreakers [5] and jet skis [9], to name
just a few.

Detecting, classifying and tracking vessels from their sound can
be useful for monitoring maritime traffic [10–12] and for identify-
ing the source of noise in underwater environmental monitoring
systems. In the last 15 years, interest in this type of application
has fostered research aimed at developing algorithms to classify
vessels from their sound. The task is challenging, due to the ongo-
ing evolution in engine design, the complexity of sound propaga-

tion in the sea (especially in shallow waters) and the frequent
presence of high background noise in the sensor. Researchers have
applied various signal processing strategies to address these prob-
lems: Das et al. [13] used spectral characteristics and cepstral coef-
ficients, Wang et al. [14] used a bark-wavelet analysis combined
with Hilbert-Huang transform, Bao et al. [15] exploited the nonlin-
ear features of radiated sound through empirical mode decomposi-
tion, Zak [2] used Kohonen neural networks, Yang et al. [16]
proposed fractal approaches and Lennartsson et al. [17] fused
sound and electromagnetic signatures for classification purposes.

All such studies require real data in the form of underwater
noise recordings made using hydrophones. Numerous recordings
made in military installations are not available for use by research-
ers and companies. Each research team usually has to record and
create their own database of underwater sounds, either by instal-
ling their own recording equipment or by moving targeted vessels
to fixed recording installations. The logical outcome is a costly
investment in human resources, equipment, time and logistics.
Consequently, available recordings cannot always guarantee the
robustness and generality of the results of the developed systems
– all the more so when it is borne in mind that recorded sound
depends on many variables, among them, the engine regime and
mode of operation, the recording environment, the propagation
characteristics of the sea and environmental conditions. Examples
of databases employed by researchers are: McKenna et al. [8], who
used data recorded opportunistically from 29 freighters via an
autonomous recording device installed under the Santa Barbara
Channel (California, USA); Arveson and Vendittis [7], who analysed
the noise of a single freighter from good quality recordings made in
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AUTEC (Bahamas); Erbe [9], who recorded 66 jet ski pass-bys to
characterize their sound; Roth et al. [5], who characterized the
noise of an icebreaker under the ice of the Arctic Ocean with a
sonobuoy that provided hours of recording before it exited the
range of the radio link; Lennartsson et al. [17], who used hydroa-
coustic and electromagnetic signatures to create a database of 15
vessels; Das et al. [13], who trained a classifier by completing the
recorded sound of 6 boats with synthetic data; Bao et al. [15],
who used recordings of 6 boats to train a classifier; and Yang
et al. [16] and Zak [2], who trained a neural network with sounds
from 5 Polish Navy ships. Many of these authors expressed the
desirability of having better databases for their research, but to
date no database of recordings has been made available to the
research community.

In other areas where detection, classification and recognition
techniques are more advanced, databases – of images, music and
speech [18–20], for instance – are available to researchers to facil-
itate the development of algorithms and the comparison of solu-
tions provided by the research community. The underwater field,
however, has a clear shortage of such resources, although worth
mentioning is DOSITS [21]. The European Commission has recently
approved funding for several projects aimed at reducing the impact
of noise from seagoing vessels on the marine environment, includ-
ing SILENV, a database of acoustic signatures for 171 vessels that
has only recently been made public, and SONIC, as yet incomplete,
which aims to eventually publish an online database of underwater
vessel noise.

To make up for this lack of data for underwater researchers,
during 2012 and 2013 the sounds of many different vessels were
recorded on the Spanish Atlantic coast and were included in the
ShipsEar database (available at http://atlanttic.uvigo.es/underwa-
ternoise/). In what follows, Section 2 describes the ShipsEar data-
base and Section 3 describes a vessel classifier based on Gaussian
mixture models (GMMs), developed to demonstrate the usefulness
of the Shipsear database.

2. Shipsear: an underwater vessel noise database

Sound recordings were made during autumn 2012 and summer
2013 in different parts of the Spanish Atlantic coast in northwest
Spain. Most recordings were made in or near the port of Vigo
(42�14.50N 008�43.40W) located within the Ria de Vigo, a
drowned river valley, 35 km long, 10 km at its widest point and
with a maximum depth of under 45 m. It is one of the largest fish-
ing ports in the world and also has heavy traffic in goods and pas-
sengers. Taking advantage of the intensity and variety of port
traffic, it was possible to make recordings of many different types
of vessels from the docks, including fishing boats, ocean liners, fer-
ries of various sizes, container, ro-ros, tugs, pilot boats, yachts,
small sail boats, etc.

2.1. Recording system and methodology

The recordings were made with autonomous acoustic
digitalHyd SR-1 recorders, manufactured by MarSensing Lda (Faro,
Portugal). This compact recorder includes a hydrophone with a
nominal sensitivity of �193.5 dB re 1V/1 uPa and a flat response
in the 1 Hz–28 kHz frequency range. The amplifier chain consists
of a preamplifier with a high-pass cutoff frequency of 100 Hz
(which minimizes ambient noise in shallow waters), followed by
a programmable gain amplifier that can be adjusted before use
according to expected sound levels. The device also includes a
24-bit A/D sigma-delta converter with a sampling rate of
52,734 Hz. The data are stored in wav format files of 5 min
duration on a 16-GB SD card.

The hydrophones were bottom-moored, and attached to
a submerged buoy to ensure verticality and a surface buoy for
recovery (Fig. 1). Hydrophones height over the bottom was
selected according to water depth at the mooring point. Whenever
possible, 3 hydrophones at different depths and with different
gains were used to maximize the dynamic range of the recording.
In very shallow areas (depths under 10 m), recordings were made
with 1 or 2 hydrophones.

All recording sessions were documented in a log completed
with data that included date and time, type of noise, GPS position
of the recording point, height of the hydrophones, an approxima-
tion of the hydrophone-vessel horizontal distance, channel depth
and hydrophone gain. Targeted vessels were visually identified at
the time of recording. Most recording sessions were also docu-
mented by means of annotated videos.

Additional equipment used during the recording sessions
included an ‘‘underwater ear” (made of an electret capsule con-
nected to a minidisc), designed to detect unexpected sources of
noise before hydrophone deployment, and also an underwater
source consisting of a small horn with a remote control, used in
order to add 2 kHz beeps as markers for events when video record-
ing was not available for synchronization with vessel pass-bys.

2.2. Database structure

The recordings are of real vessel sounds captured in a real envi-
ronment. Both anthropogenic and natural background noise is
therefore present, and also occasional vocalizations by marine
mammals. For each recording, the hydrophone was located so as
to capture the sound of the targeted vessel with the best possible
quality, that is, trying to minimize the noise generated by other
vessels that inevitably passed through this high-traffic area.

ShipsEar was populated with recordings made by hydrophones
deployed from docks to capture different vessel speed noises as
well as cavitation noises corresponding to docking or undocking
manoeuvres. Frequently audible is high background noise,
explained by waves crashing against the port infrastructure.

ShipsEar was also populated with recordings of vessels under
normal operational conditions. Selected were 3 recording sites in
the middle of the Ria de Vigo, near entry routes to the port of Vigo
and other nearby ports. An auxiliary vessel was used to deploy the
hydrophones and recordings were scheduled according to vessel
movement information obtained from the port authority and the
Automatic Identification System (AIS) for vessels. Other vessel
sounds were recorded opportunistically. The database also
includes the sound of a suction dredge operating in La Coruña’s
outer harbour.

Recordings were also made of background noise resulting from
natural phenomena, given that this kind of recording is useful for
training vessel classifiers and detectors. Equipment was installed
at the Intecmar meteorological station (www.intecmar.org)
– located outside the Ria de Vigo and away from major traffic routes
– during several days of heavy weather. Included in the database
are 4 recordings of wind, rain, waves and current noises, acquired
with a view to subsequently characterizing these sources of natural
background noise.

Given uncertainty about the level of sound present at each
recording point, several hydrophones with different gains were
deployed whenever possible. In these cases, the recording with
the highest sound level before clipping was selected for inclusion
in the database.

The recordings were segmented with wide margins to preserve
information from the beginning to the end of the event or pass-by.
Recordings with excessive sensor background noise, clipping or
misleading or ambiguous information on vessel noise sources
were eliminated. The final database included 90 recordings in
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