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Abstract

Autonomous sailboats are silent surface vehicles which are well suited for acoustic
monitoring. The integration of an acoustic receiver in an unmanned surface
vehicle has a large potential for population monitoring as it permits to report
geo-referenced detections in real time, so that researchers can adapt monitoring
strategies as data arrive. In this paper we present preliminary work, done on the
framework of ACUSQUAT project, to explore the usage of an acoustic receiver
onboard a small (2m length-over-all) autonomous sailboat in order to detect
the presence of tagged adult exemplars of angelshark (Squatina squatina), the
target species in ACUSQUAT, in certain areas which have demonstrated that
this approach is feasible. Results obtained in simulation and during field trials
are presented.

Keywords: autonomous sailboat, autonomous navigation, sensor integration,
acoustic receiver, accoustic tag detection, angelshark (Squatina Squatina)

1 Introduction

Angelsharks (Squatina squatina, a specimen shown in Fig. 1a) were common
and abundant elasmobranchs along the European Atlantic coast and also in the
Mediterranean Sea. This species, alike some other Squatinidae, have suffered
from intensive fishing, both because they were captured intentionally or they
were a common by-catch in trawling fishing practices, with the consequence of
very strong reductions in population or even its disappearance in many areas.
All this has driven Squatina squatina to be included in the Red List of Threat-
ened Species by the International Union for Conservation of Nature (IUCN) as
in critical danger of extinction [7]. Moreover, very recently, June 5th 2019, the
Spanish Government has officially included Squatina squatina and two other
Squatinedae spp., Squatina oculata and Squatina aculeata, in the Spanish Cat-
alog of Threatened Species as in danger of extinction.
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(a) (b)

Fig. 1: a) Tagged angelshark over a sandy bottom. Tag is appreciable on the
main dorsal fins. Picture courtesy of Mike J. Sea and the Angel Shark Project.
b) Vemco’s VR2C mini acoustic receiver.

The Canary Islands archipelago is one of the few locations in the EU (Euro-
pean Union) where the population of Squatina squatina is still well preserved [5],
but its conservation is not exempt of problems derived from touristic activities,
e.g. maritime traffic, sportive fishing or intense utilization of beaches, in some
areas.

Conservation efforts addressing the recovery of marine endangered species
require a careful knowledge of species-specific daily and seasonal patterns of
habitat occupation, population structure and which environmental factors in-
fluence or determine the preference of this species for certain areas. Acoustic
tracking has shown to be an effective methodology to research these aspects
with other species and it is currently being implemented for Squatina squatina
in Canary Islands.

The utilization of autonomous vehicles for acoustic registration started more
than ten years ago with the works of J. Dobarro and collaborators [3], exploring
the feasibility of using an autonomous underwater vehicle (AUV) to acoustically
track tagged Atlantic sturgeons in the Hudson River. Lin and collaborators [4]
have discussed the utilization of a stereo hydrophone system for tracking a tagged
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leopard shark. A recent review on the utilization of unmanned vehicles for the
detection and monitoring of marine fauna can be found on [9].

Unmanned sailboats are slowly revealing their potential as interesting cost-
effective platforms for oceanographic research [10] [2]. In the specific realm of
acoustic tracking, these acoustically silent vessels have already demonstrated
their utility, e.g. [6], and how they can be used to complement a moored network
of detectors in very interesting ways. It is normally unfeasible to cover all the area
under study with the number of available receivers located at a few, strategically
selected, locations leaving the rest of the area uncovered. Additionally, a network
of acoustic receivers do not usually provide data in real-time, but when receivers
are recovered. Using one or several vehicles, acting as mobile receivers, it is
possible to extend the detection coverage using different strategies.

Recently, this approach has been extended to a fleet of vehicles in order to
achieve wider coverage and/or improve localization. In [11] it is described, as a
proof of concept, the utilization of heterogeneous fleet, including unmanned and
manned surface vehicles and AUVs, to acoustically track tagged fishes.

This paper first describes the main characteristics of the elements required
for setting up an acoustic tracking network and its integration in the A-Tirma
autonomous sailboat. Final sections are devoted to illustrate results obtained in
simulation and during the first field trials.

2 Material and Methods

An acoustic tags receiver (Fig. 1b) have been integrated in A-Tirma G2 (A-
Tirma, for short), a two-meter length autonomous sailboat provided with two
wing sails (a more detailed description can be found in [1]). The boat is shown in
Fig. 2a, and Fig. 2b displays an underwater view of A-Tirma towing the receiver.

The acoustic receiver integrated into A-Tirma was a Vemco’s VR2C mini
receiver. This receiver’s dimensions are: 317 mm length, 54 mm diameter, 0.7
kg in-air weight. It operates at 69 kHz and has a maximum depth of 25m.
It lacks an internal battery, so it must be powered through the towing cable,
but power demands are modest and flexible (line voltage 10-32 VDC, @12V,
record mode < 1 mA, 3-15 mA during communications). The VR2C mini has an
internal memory (16 Mbytes) capable of storing nearly 1.6 million detections. A
bidirectional serial interface, either RS-232 or RS-485, runs also over the cable.
Using this interface, the receiver can be reconfigured at anytime from the host
system. If properly configured, the receiver can report detections in real-time to
the sailboat controller where, using the GNSS receiver available on board, they
can be geo-localized and reported.

Adult angelsharks are being tagged with Vemco’s V9-2L 69 kHz. coded tags
(length: 29 mm.; diameter: 9 mm.; weight in water: 2.9 gr. and power output: 146
dB re 1 µPa @1m). These tags’ weight and dimensions are perfectly compatible
with the tagging ethics standards. Programmed with a nominal period of 180
seconds, the expected battery lifetime is 912 days, permitting to extend the
study over several seasonal cycles.



4 Cabrera-Gámez et al.

(a) (b)

Fig. 2: a) A-Tirma G2. b) Underwater view of the receiver being towed by the
sailboat. The sailboat’s keel and one of the skegs are visible at the right of the
picture.

A-Tirma is equipped with a communications infrastructure consisting of three
types of communication devices. Namely, one for short range communications: a
XBee radio link. And, two for long range communications: a 3G/GPRS link for
areas where mobile telephony communication services are available, and a satel-
lite Iridium SBD transceiver for high seas when no other way of long-distance
communication is possible. Through those three links the sailboat can be super-
vised and monitored remotely during a real navigation using a software graphical
interface. In addition, a public web tracker of the boat is available, where the
trajectory and behavior of the boat can be openly published during on-field
navigation. A detailed description of A-Tirma’s communication infrastructure
can be found in [8]. In relation to the operation of the acoustic receiver during
a navigation session, it is possible to activate/deactivate the receiver remotely
using the graphical interface. Once the receiver is active, its operational status
can be monitored in real-time through the graphical interface. Also, when active,
if any animal tag is detected, the detection is registered on secondary memory
on the boat, and on the graphical interface, the position of the boat where the
detection was verified is also shown. Fig.3 shows a snap-shot of A-Tirma’s graph-
ical interface, where we can see how the acoustic sensor information has been
integrated graphically. This figure also shows how detections are displayed on
the interface along with operational status information. From a hardware point
of view, Fig. 4 depicts, in a deployment diagram, how Vemco’s VR2C acoustic
receiver has been integrated in the boat. As we can note in the figure the receiver
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Fig. 3: A-Tirma G2’s graphical interface. On the map area: the blue icon is
the current waypoint the boat is navigating to, the red icon is the boat itself,
green icons are the rest of waypoints which conform the route followed by the
boat. On the right side of the map all waypoints coordinates are listed, and the
current one is also highlighted in blue. Finally, light brown icons signed with a
“T” are acoustic tag detections performed by the boat using the Vemco’s VR2C
acoustic receiver. In addition, there is a tab in the inferior part of the interface,
tab “VEMCO”, which presents, when the receiver is active, operational status
information (text in black), and data (text in blue) about the tags as they get
detected in real-time during the navigation.

is connected via an asynchronous serial link (RS-232) to A-Tirma’s main system
controller on board.

The receiver is towed using a reinforced 10 meter-long cable. To avoid cable
torsion, a two-part stabilizer (visible in yellow in Fig. 2b) has been designed and
manufactured by 3D printing. This part also offers a secure cable locking point
so that the towing tension is not directly supported by the locking sleeve of the
receiver connector.

3 Simulation results and field experiments

Extensive simulation tests have permitted to verify the correct integration of the
receiver in the control and communication architecture of the boat. These tests
have been carried out first with the real receiver in the hardware loop and later
with a simulated device written as an extra simulator’s software module. This
procedure allowed to validate the simulated receiver. Additionally, the simulator
module permits to select the motion patterns that the simulated tagged animals
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Fig. 4: A-Tirma G2’s deployment diagram. Vemco’s VR2C acoustic receiver
(bottom-right corner) has been integrated on the main controller through an
asynchronous serial (RS-232) connection.

will exhibit during a simulation, and also to constraint their displacements to
certain geographical zones. In particular, for a given animal, its pattern of move-
ment is restricted to a circular area centered on a given geographical location,
which is the starting position of the animal when the simulation is started. In
addition, some other parameters define the animal’s movement pattern, namely:
maximum reachable depth, maximum speed, and maximum heading change (at
each simulation step, a positive or negative heading change is calculated ran-
domly limited by this value). Moreover for each animal, some other values define
how the animal’s simulated tag behaves, such as, its emission period, whether
it is a high transmission power tag or not, and if it is equipped with a pressure
sensor or not. In this simulation the sound has been modelled in a very simple
way, considering a constant sound velocity. As already shown, Fig. 3 displays
the reception of status and detection packets as they are shown on the control
graphical interface during a navigation session, whether real or simulated.

Some field trials have been carried out to test the feasibility of using a re-
ceiver onboard the A-Tirma sailboat. This study has been developed in parallel
to animal tagging, which is still underway. These experiments have focused on de-
termining the best placement of the receiver in the A-Tirma in order to maximize
tag detection probability with a minimal impact on sailboat’s maneuverability.

The receiver has an omnidirectional reception sensibility pattern centered
around its longitudinal axis. Thus, the best detection results are expected with
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the receiver close to a vertical position with the hydrophone facing downwards,
specially if the receiver is being towed near the surface and the target species is
benthonic, as in our case.

The placement explored so far with the A-Tirma has consisted in towing the
receiver at the extreme of a 10-meters long cable secured at the stern of the
sailboat. The receiver has been ballasted carefully to achieve a towing depth
of approximately 2m and a characteristic pitch around 30º, as illustrated in
figure 2b. This disposition has not affected in any significant manner ship’s
maneuverability under the testing conditions, which have been characterized by
low wind speed. However, increased drag is likely to be expected at higher wind
speeds.

The field tests performed in order to study the reception and detection of tags
towing the receiver from a boat were carried out in the area of Puerto Rico in the
island of Gran Canaria, Spain (illustrated in Figures 5 and 6). Four acoustic tags
were moored in a line, situated each at different depths. The four tags correspond
with tag identifiers 4064, 20255, 20254 and 4063, situated respectively at 1, 3.5,
6 and 8.5 meters from sea bottom. The first three tags emit their ID in low power
mode, while the 4063 emits in high power mode. Low power mode reduces the
utilization of energy, with a positive effect on the longevity of the tag, at the
cost of a possible reduction in range detection, i.e. pinging is done at a reduced
intensity. Additionally, tags 4063 and 4064 also provide pressure information,
from which we can derivate depth. In Fig. 6 we can observe how many times
and where each one of them was detected during the experiment. As expected,
tag 4063 was detected more times since it is a high power tag. During the field
tests, a fifth tag (tag no. 25639) was detected three times (Fig. 6). This was a
tag previously deployed in the area during animal tagging. This configuration of
four-tags were situated in two locations, namely, locations L1 and L2 displayed in
Fig. 5, the depth in both locations was of about 26.5 and 29.5 meters respectively.
Despite the high maritime traffic of the area, these experiments were carried out
in this zone as this is the focal area for the ACUSQUAT project where some
angelsharks exemplars are being tagged.

A relevant qualitative conclusion drawn from these experiments has been
that the orientation of the receiver relative to the tag position has an important
influence in the probability of detecting a tag emission. This is evident from
inspection of Fig. 5. More precisely, when the boat is moving away from the
tags and the receiver gets oriented towards them (the moving away green arrow
from location L2 in the figure) the probability of detection is high and many
tags emissions are detected. On the contrary, when the boat goes toward the
tags (indicated with the green arrow going towards L2 in the figure), there are
no detections until it gets quite close to tags in location L2. In this second case,
the orientation of the receiver, as it gets towed, has the hydrophone looking
in the opposite direction to where the tags are situated. This asymmetry in
detection vanished when towing was stopped and the receiver recovered a vertical
orientation or, when the receiver was not towed directly towards the position of
the tags, as was the case when tags were moored at L1. As conclusion, keeping
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Fig. 5: Field tests for checking the reception and detection of acoustic tags per-
formed in the area of Puerto Rico, Gran Canaria, Spain. The trajectory of the
boat towing the receiver is shown in yellow. Red icons show tag detections when
the four-tag pattern was situated in location L1. Blue icons correspond to de-
tections with the four-tag pattern in location L2.

Fig. 6: Detected tags corresponding to the field tests shown in Fig. 5.

the receiver vertically orientated seems more adequate to maximize tag detection
probability.
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4 Conclusions

In a first stage, we have integrated a Vemco VR2C mini receiver into the con-
trol and communication layers of A-Tirma autonomous sailboat. Extensive tests
have been run in simulation to verify the stability and responsiveness of the
control and communication system software. Also, first field trials have been de-
veloped to characterize the detection probability with range. These experiments
have shown that the sailboat is capable of towing the receiver even with faint
winds, even though the absolute orientation of the receiver during towing needs
to be optimized. More in-depth testing is planned to study the influence of the
environment (bathymetry, distance to shore, ship traffic, etc) in detection prob-
ability with range, and specially for evaluating how the quality of tag detections
get influenced by tag’s orientation, receiver’s distance-from-tag, orientation and
depth, and also by boat’s direction and speed.

Future work will address exploring alternative ways of installing the receiver.
One attractive possibility is removing the towing fixation point from the stern
to a point located underwater in the bulb at the deeper extreme of the keel. This
will allow to reduce the cable length, for the same towing depth, with a positive
impact in the maneuverability of the boat. Another possibility we aim to explore
is fixating the receiver, close to a vertical position, as suggested above, at the
deepest available placement on the keel. This option would eliminate also the
drag induced by the towing cable. However, under the conditions imposed by
A-Tirma dimensions, it is foreseen that this placement will produce a significant
reduction in range detection due to the noise induced by wind, waves and hull
motion.
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Sharp, R., Jimenez-Alvarado, D., Pollom, R.: Squatina squatina. The IUCN
Red List of Threatened Species 2019 e.T39332A117498371 (2019). DOI
10.2305/IUCN.UK.2019-1.RLTS.T39332A117498371.en. URL http://dx.doi.

org/10.2305/IUCN.UK.2019-1.RLTS.T39332A117498371.en

8. Santana-Jorge, F.J., Domı́nguez-Brito, A.C., Cabrera-Gámez, J.: A component-
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