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Abstract—This paper investigates the potential of active ul-
trasound jellyfish monitoring systems to continuously detect,
quantify and identify different species in turbulent underwater
environments. The experimentations carried out in December
2015 at the Aquarium de Paris, France, are used to propose
an unified acoustic signal processing framework for visualizing
jellyfish passages.

I. INTRODUCTION

A fast increase in jellyfish population can be one important
indicator of the recent climate changes in seawater. This may
be due to the effect of anthropic activity, such as over fishing,
global warming, pollution, or coastal development [1].

Such clogging organism, like jellyfish, can pose a significant
threat to power plant cooling water intake structures in the
context of nuclear power production. In sufficient quantities,
these organism can block intake screening equipment (for
example, bar racks and traveling water screens), which can
lead to reduced cooling water flow or, in extreme cases,
structural failure of the screening equipment. Furthermore, the
passage into the circulating water system can result in plugging
of the condenser tubes. Cooling water blockage is a concern
because it negatively affects facility reliability and results in
a loss of revenue. One can cite the cluster of jellyfish that
forced the Oskarshamn plant from Sweden, the site of one of
the world’s largest nuclear reactors, to shut down in 2013 by
clogging the pipes conducting cool water to the turbines.

A way to reduce the impact of the clogging, is to detect the
clogging organism to prevent the power plant. Two main meth-
ods have been developed and used for monitoring jellyfish: the
towing and scooping techniques for samples collection [2]. All
these methods require manual and heavy processes (jellyfish
manipulation) or they depend on light and water condition.

In this context, an active ultrasound monitoring system has
the potential to efficiently contribute to detect, quantify and
identify in the water column the jellyfish species continuously.
This paper investigates the first results obtained using the
active ultrasound jellyfish monitoring system experimented in
December 2015 at the Aquarium de Paris, France. The two
types of jellyfish that were inspected are illustrated in Fig. 1.

The remainder of the paper is structured as follows. Section
II shows the details of the experiment carried out in controlled
environment, as well as the setup of the proposed active
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Fig. 1. Jellyfish used in the experiment at the Aquarium de Paris: (a) species
1 and (b) species 2.

ultrasound monitoring system. In Section III, we illustrate the
obtained results, whereas Section IV concludes the paper.

II. ACTIVE ULTRASOUND MONITORING SYSTEM

The current prototype system was developed in collabora-
tion between the GIPSA-lab, the EDF R&D and the SIG-
INTEC, and it is composed of a multi-static acoustic wall
operating at 1 MHz central frequency. As illustrated in Fig.
2, it is composed of several transmitters (Ultran Group WS-
100-1), receivers (Ultran Group KS-100-1) and a reflecting
metallic mirror.
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(a) setup of the ultrasound transducers on the mobile alluminium
frame (0.8 X 1.2 meters) and (b) general view of the experimentation.

Fig. 2.

The US transducers have been excited using Apex Mi-
crotechnology PA107 power amplifiers and the Keysight
33522B arbitrary signal generator. The received signals have
been conditioned using Texas Instruments VCA 5807 low
noise amplifiers and recorded using four synchronous TiePie
HS4 oscilloscopes.

In the first step, the proposed ultrasound monitoring system
has been calibrated in order to make the derived measurements
independent on the transfer function of the acoustic transduc-
ers.

Calibration by substitution requires a reference standard,
to which the output is reported. For our system of sensors,
the calibration process determines a relationship between the
input voltage controlling the EM US transducer and the output
characteristic. [llustrated in Fig. 3, the calibration procedure
has been realized using a Precision Acoustics ML4X50 hy-
drophone (operating frequency range 100 kHz to 1 MHz).
Finally, the exact geometry of the acoustic system can be used
to simulate and subtract this deterministic acoustic intensity
component using, for example, the algorithm proposed in [3],
[4] for radar signals.

In the current setup, each target (jellyfish) passage is ob-
structing the acoustic propagation channel between the emitter-
mirror-receiver, which makes possible jellyfish monitoring.
It acts as a conventional immersed 200 KHz bandwidth
ultrasound system in multi-static configuration: the emitted
waveform is a linear Hamming windowed chirp. The received
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Fig. 3. (a) setup of the calibration procedure and (b) estimated transfer

function for one KS-100-1 transducer.

signal is illustrated in Fig. 4.

For each ultrasound burst, the match filtering is performed
at the reception in order to obtain its corresponding acoustic
range profile as shown in Fig. 5. In order to avoid any eventual
mismatches between the emitted and received acoustic wave
(wave deformation induced by either the propagation channel
or the conditioning system), the reference selection procedure
proposed in [5], [6], [7] has been employed in the final
processing algorithm.

III. RESULTS AND DISCUSSION

Two configurations have been tested in controlled water tank

facilities:

e in a small test tank (10 m radius x 50 cm depth, used
for temporary transportation of annimals) with clear water
and no turbulence,

e in a large tank (10 m x 20 m x 5 m, used in the standard
aquarium show) with turbid water and in the presence of
tides and air bubbles.

Figs. 6-(a) and 6-(b) illustrate the two small tank setup
using the two species of jellyfish. Notice that underwater
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Fig. 4. (a) received acoustic signal (time domain) and (b) spectrum of the
received signal.

cameras have been used for validation. The obtained results
are shown in Figs. 6-(c) and 6-(d). The presented time series
were obtained by taking only the maximum for each burst,
after match filtering.

One can notice the time axis is relatively short with respect
to a slow jellyfish passage. This is because the acquisition
mode is not continuous and the time stamp of each burst was
not taken into account for these preliminary results.

The jellyfish detection profiles can be observed on Fig. 7 for
the large tank experimental setup, also. This time, the passage
detection profile is more noisy, especially for species 1.

IV. CONCLUSION

The active ultrasound monitoring system presented in this
paper offers an alternative option to monitor jellyfish passages
in turbulent underwater environments. Based on the coupling
of conventional active signal processing algorithms with novel
acoustic channel equalization techniques, the main advantages
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Fig. 5. Range profile after match filtering.

of the proposed system are its improved autonomy and the fact
that it requires significantly less human intervention for moni-
toring and counting of jellyfish species. Future studies include
the full performance analysis in real underwater conditions.
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Small test tank experimental setup (small circular test tank with 10
m radius X 50 cm depth with clear seawater): (a) species 1, (b) species 2.
The maximum received acoustic signals time series after match filtering: (b)
species 1, (d) species 2.
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Fig. 7. Large test tank experimental setup (rectangular test tank with 10
m X 20 m X 5 m, with turbulent seawater): (a) species 1, (b) species 2.
The maximum received acoustic signals time series after match filtering: (b)
species 1, (d) species 2.



