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ABSTRACT

Detecting and localizing the echolocation clicks of sperm
whales allows to research their diving behavior, but existing
methods are limited in range, imprecise, or costly. In this
work, we demonstrate that we can obtain a high definition
3D track of deep diving cetaceans from a five-channel, small-
aperture hydrophone array on a moving autonomous surface
vehicle (ASV), enabled by the vessel’s hydrodynamic qual-
ity and a high recording sample rate. Real-time processing
is achieved by splitting our non-uniform array into two parts
for time delay of arrival estimation. Resulting 3D tracks de-
pict the behavior of the cetacean in abyss (−1.2 km), with
one position per second. This high resolution allows us to
observe a correlation between the repetition rate of the preda-
tor’s biosonar and the tortuosity of its track. Our proposed
mobile observatory may offer new insights about whale be-
havior and its success of foraging close to vessel traffic.

Index Terms— 3D passive acoustic tracking, ASV, tortu-
osity, Physeter macrocephalus, sperm whale, clicks, biosonar,
embedded real-time system

1. INTRODUCTION

Sperm whales (Physeter macrocephalus, Pm) are categorized
as vulnerable due to human-made threats such as commercial
whaling, interactions with fisheries [1], noise [2], chemical
pollution, global warming or collisions with ships [3]. In or-
der to assess population status, to model behavior, or to pre-
vent ship collisions, passive acoustic monitoring provides a
viable option: Pm spends more than 70% of its life in deep
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foraging dives down to −2 km, using echolocation (by far-
travelling transients [4]) for orientation and prey localization.

Existing work uses different methods to record and local-
ize the echolocation clicks of cetaceans. Static hydrophone
arrays using underwater buoys provide stable recordings and
observations of foraging [5, 6, 7] but can only monitor a fixed
location, making it difficult to track animals over longer dis-
tances. Moreover, a permanent quadriphonic sonobuoy ar-
ray [8] obtains a track of the animal only in 2 dimensions.
A bottom-mounted array with small aperture (2 m) and high
sampling rate was used for 3D localization of multiple whales
[9, 10]. More flexibility can be achieved by mounting hy-
drophones on a vessel, albeit introducing more challenges. In
[11], a wide-aperture towed array of two hydrophones was
used for tracking 2D Pm dive profiles, taking advantage of
surface-reflected paths, but not allowing 3D localization. In
[12], a first attempt of a moving deep 6-hydrophone array re-
sulted only into range estimation of the cetacean.

In this work, we use a small nonuniform array of 5 hy-
drophones mounted directly under an autonomous surface ve-
hicle (ASV). This setup is made challenging by the small
aperture and the recording of sound close to the surface above
the thermocline. To the best of our knowledge, this is the first
demonstration that cetaceans can be tracked precisely in 3D
from a moving, near-surface hydrophone array.

This mobile observatory opens up new possibilities to an-
alyze the movements and behaviors of cetaceans, either when
expressing their natural behavior or when disturbed by human
activities nearby. Thus, it may assist in the design of mitiga-
tion and conservation programs.

2. DATA ACQUISITION

We mounted 5 hydrophones under the ASV “Sphyrna” of
Seaproven SA (Fig. 1). The autonomous vehicle is 17 m long
and very stable. According to the Motion Processing Unit
(MPU), during 1 hour of drift at Beaufort sea state 2, roll
variance was 1 degree, pitch below 1, yaw 24.

We mounted four hydrophones (H1 to H4, 2 Cetacean
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