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1. INTRODUCTION

Sperm whale groups live and hunt in the Pelagos sanctuary
all year round. It is believed that they make use of canyons
and steep sea floors to ease their hunt for prey. The south
side of the Port-Cros island is an ideal place to observe
these animals, being near the coast for easier installation,
as well as right next to Sperm whales’ hunting grounds
such as the Stoechades Canyon among others. In this area,
the sea floor drops to -2000 meters in a few kilometers. In
this paper, we describe two versions of a passive acoustic
monitoring project that started in 2013 called Bombyx [1].
Passive acoustic monitoring describes the approach of an-
imal biology studies via acoustic surveillance (placing mi-
crophones or hydrophones and listening to the acoustic ac-
tivity of animals). For animals like Sperm whales, who rely
on sound for not only communication but also navigation
in the darkness of the depths, passive acoustic monitoring
is most relevant. Multi hydrophones arrays allow the tri-
angulation of the acoustic emitters, and thus to follow the
animal’s movement from a distance. In this paper, we will
demonstrate several advancements in monitoring methods,
all made possible by the Bombyx project.

2. BOMBYX 1

2.1 Material

The first implementation of the Bombyx project took form
as an underwater buoy Fig.1, floating 25 meters deep, an-
chored on a 275 meters deep sea floor. The buoy is au-
tonomous, relying on battery power, recording for dozens
of days for several recording sessions. This approach of-
fers a greater observability compared to listening from a
boat or from a station connected to land via cable. The two
hydrophones recorded at 50kHz using the JASON sound
card [6] for a total of 112 days spread over 4 years.

2.2 Method

For such a large amount of data, the task of analysis in
search for acoustic presence of Sperm whales is far from
trivial. It is not possible for human annotators to listen to
every piece of recording, and automatic detectors are not

Figure 1. Bombyx 1 during installation with its 2 hy-
drophones.

reliable enough yet to base behavioral statistics upon. To
allow an efficient browse of the large amount of recordings,
we developed a custom made interface shown in Fig.2 [2].
This interface first relies on a high recall but low precision
click detector. By applying a Teager Kaiser energy opera-
tor on the signal after a band pass filter centered at 12.5
kHz [3], most Sperm whale clicks are detected, among
other acoustic impulses such as pilot whale’s clicks, en-
gine sounds and others. We then computed the TDOA
of those detected impulses between the two hydrophones.
The scatter plot of TDOAs over time allows the identifica-
tion of moving acoustic emission. Such an interface allows
to go through 10 hours of signal in one look, easily identi-
fying any potential moving acoustic emitter, which Sperm
whales usually are. To then distinguish between Sperm
whales and other moving acoustic emitters (boats or pilot
whales), our interface allows to select a detected impulse,
and to plot the spectrogram of its surrounding signal as
well as listening to it.
This interface allowed the construction of a dataset consist-
ing of 2312 Sperm whale samples, 154 pilot whale sam-
ples, and 3087 noise samples. Each of these belong to in-
dividual tracks.

3. BOMBYX 2

3.1 Material

The second implementation of the Bombyx project is yet
to be placed into the water, in 2021 Fig.3. This time, a
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Figure 2. Annotation tool for the bombyx project. On top,
the TDOA of each detected click versus time. At the bot-
tom, the spectrogram of the sound surrounding the selected
click (in red). The 3 buttons serve to annotate the selected
click as Sperm whale, pilot whale, or noise.

floatability variation system will allow for both 20 meters
deep recording and surface wireless data transmission, for
an estimated battery life of 6 month. This real time data
transmission is necessary since this buoy will serve as an
alert system for Sperm whale and fin whale presence, re-
ducing the collision risks via speed regulation or course
modification. An array of 5 hydrophones will allow not
only for azymuth esmitation, but also elevation, and dis-
tance of the acoustic source. The buoy will be equipped
with a PIC32MZ micro-processor coupled with the JASON
sound card [6] allowing for high frequency recording and
embedded computations such as convolutional neural net-
work forward pass, while consuming energy.

Figure 3. Bombyx 2 with the 4G transmitter and the floata-
bility variation system. The 5 hydrophones array is fixed
at the bottom.

3.2 Method

The data collected and annotated during Bombyx 1 served
to optimize an analog detection system as well as to train

a convolutional neural network Fig.4 for Sperm whale de-
tection. The analog detection system makes use of band
pass and low pass filters to compare the energy above 8kHz
with the background noise level. High frequency energy
peaks are thus detected as potential Sperm whale clicks.
The peaks’ duration and periodicity are checked against
the possible ranges for Sperm whale clicks using a state
machine. This analog detection system showed an area un-
der curve of 75% on the Bombyx 1 annotated data. This
allows for an ultra low power (17A) always on detector.
The following verification of the acoustic emissions makes
use of a convolutional neural network for a more robust
classification of the detected acoustic impulse [5]. A low
complexity network of approximately 10 thousand param-
eters, with a Mel-Spectrum frontend followed by 3 depth-
wise convolution layers of 64 features each was designed.
Trained on the Bombyx 1 data, and tested on the 2017
recordings (none of which were present in training), the
model showed a performance of 98% of AUC on the train-
ing set and 92% of AUC on the test set. After validation

Figure 4. left ROC curve of the CNN binary classifier of
Sperm whales, right topology of the network.

by the CNN, the times of arrivals of several Sperm whale
clicks will be recorded using the analog detector at a time
resolution of 50ns. All the hydrophones will be pointing
in the same direction (downwards), allowing for the dif-
ference of phase method to infer the 3 dimensional posi-
tion of the acoustic source at each click [4]. Integrating
the inferred positions over several dozens of clicks will al-
low for a more robust estimation. The buoy will then rise
to the surface and transmit to our lab the recorded times
of arrival as well as sampled signals via 4G. After human
verification, until the robustness of the system is validated,
the alerts of Sperm whale or fin whale presence will be
transmitted to authorities, and measures will be taken to
minimize the collision risk accordingly.
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