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Summary: Accurate characterization of hydrodynamic cues produced during fish locomotion is essential for understanding 
behavioral dynamics. In this work, a novel pressure sensor system is presented to isolate the dynamic pressure compo-
nents associated with fish movements, while compensating for wave induced pressure. The system combines a differential 
pressure sensor and a water level sensor. Its accuracy has been demonstrated through experimental validation against a 
classical potential flow model around a cylinder, confirming the robustness and effectiveness of the proposed approach.
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Introduction
Understanding the social behaviors and navigation
strategies of fish has long been recognized as a
significant challenge in marine ethology, and bio-
inspired engineering [1]. During locomotion, fish
are known to generate complex hydrodynamic sig-
natures composed of vortices and persistent pres-
sure fluctuations [2]. These flow-induced cues can
offer valuable insight into their orientation strategies.

Traditionally, such phenomena have been stud-
ied using optical techniques like Particle Image
Velocimetry and Laser Doppler Velocimetry. Al-
though these methods are highly accurate, they
typically involve complex instrumentation, invasive
setup, and limited deployability in naturalistic en-
vironments. Moreover, their intrusive nature may
interfere with the spontaneous behavior of the ob-
served animals.

To address these limitations, pressure-based
sensing has emerged as a promising alternative.
However, in aquatic environments, pressure record-
ings often conflate dynamic contributions from fish
movements with hydrostatic components induced by
surface wave fluctuations [3]. Disentangling these
overlapping signals remains a major technical bot-
tleneck.

To overcome this, a sensor system has been de-
veloped to isolate the dynamic pressure component,
while filtering out wave-induced hydrostatic distur-
bances. The device integrates a differential pres-
sure transducer and a water-level sensing module.
Its performance has been experimentally evaluated
and benchmarked against a theoretical model: the
potential flow around a rigid cylinder [4].

Materials and Methods
Dynamic pressure measurement system
An experimental device was developed, consisting
of two complementary sensors designed to isolate
the dynamic pressure component (Pdyn) generated
by swimming fish, while compensating for hydro-
static fluctuations (Pwave) induced by surface waves.

The primary sensor was implemented as a high-
sensitivity piezoresistive differential transducer. It
measured the pressure difference between a mea-
surement point, subjected to both Pdyn and Pwave,
and a reference point located inside a submerged
cavity. This cavity, being shielded from dynamic
flow effects, allowed for the measurement of only
the static pressure (Pstat), comprising atmospheric
pressure and hydrostatic pressure at rest. The re-
sulting signal was expressed as:
∆P = Pmes − Pref = (Pdyn + Pwave + Pstat)− Pstat,

The sensing element was composed of a mem-
brane coupled with a strain gauge, offering a reso-
lution of 0.2Pa and a bandwidth of 1kHz [5].

To estimate hydrostatic fluctuations, a secondary
sensor was used to continuously monitor the instan-
taneous free-surface elevation h(t). The sensor op-
erated via impedance measurement in an AC os-
cillator circuit connected to submerged electrodes,
thereby avoiding polarization effects and long-term
electrochemical drift [6].

This formulation assumes shallow water condi-
tions, where wave-induced pressure variations are
approximately hydrostatic and do not decay signifi-
cantly with depth [7].

The two sensors were interfaced with an ESP32
microcontroller, which ensured synchronized signal
acquisition at 125 Hz. The dynamic pressure com-
ponent was then obtained by subtracting the esti-
mated hydrostatic pressure:

Pdyn = ∆P − Pwave, with Pwave = ρ g h(t).

where ρ is the water density and g is the gravitational
acceleration.

Experimental validation setup
To evaluate the accuracy and robustness of the
proposed system, an experimental validation was
conducted using a classical hydrodynamic bench-
mark [4]. The experiments were carried out in a
laboratory water tank equipped with a motorized
mechanism for translating a rigid cylinder (diameter:
5 cm) at a constant velocity of 0.13 m/s. The pres-
sure sensor was positioned 5 cm from the centerline
of the cylinder. The experiments was repeated 12
times to ensure measurement repeatability.

Figure 1 presents the sensor (a), the experimental
setup (b), and the block diagram of the data acqui-
sition board (c).

The raw dataset and analytical tools were made
publicly accessible via GitHub [8].

Results and Discussion
Comparison with theoretical reference case
To assess the system’s ability to isolate dynamic
pressure, the corrected experimental measure-
ments were compared to analytical predictions de-
rived from potential flow theory around a cylinder [4].
As illustrated in Figure 2(a), the differential pressure
signal (Pdyn + Pwave) and the wave-induced pres-
sure signal (Pwave). This representation highlights
the contribution of hydrostatic disturbances to the
total measured signal. Figure 2(b) presents the dy-
namic pressure signal compared to the theoretical
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Fig. 1: (a) Dual pressure and wave sensor, (b)
Experimental setup, (c) Block diagram of the electronic
board.

Fig. 2: (a) Raw differential pressure signal (Pdyn + Pwave)
and wave-induced component (Pwave), (b) Corrected
dynamic pressure compared with the theoretical model.

prediction. The experimental results show excel-
lent agreement with the analytical model in both am-
plitude and temporal evolution, confirming the sys-
tem’s ability to accurately extract key hydrodynamic
features.

The analytical model used for validation is publicly
available in an open-source repository [8].

Discussion and practical implications
The sensor successfully captured the dynamic pres-
sure generated by the moving body while signifi-
cantly attenuating wave-induced perturbations. Al-
though some residual noise remains, its amplitude
was reduced by approximately a factor of four. The
proposed system enables direct and non-invasive
measurement of dynamic pressure fields, offering
data well suited for trajectory estimation and flow
analysis. In contrast to optical systems, it is easy to
deploy, and does not require tracers or external illu-
mination, making it ideal for experimental and semi-
natural environments.

Conclusion
A dual-sensor system was designed and experi-
mentally validated to isolate the dynamic pressure

component from wave-induced hydrostatic fluctua-
tions in aquatic environments. The device combines
a differential pressure sensor with a water level sen-
sor and enables correction of pressure signals.

The system was evaluated under controlled con-
ditions using a benchmark case based on potential
flow theory. The comparison with theoretical predic-
tions confirmed the accuracy and robustness of the
proposed approach.

Owing to its compactness, the system represents
a valuable alternative to conventional optical tech-
niques. Ongoing developments aim to extend the
system into sensor arrays capable of reconstructing
pressure and velocity fields for advanced hydrody-
namic analysis in biological, without being invasive
to aquatic organisms.

Future work will focus on deploying a network of
these sensors to generate spatially resolved pres-
sure maps. These maps will allow for the recon-
struction of velocity fields and enable a more de-
tailed analysis of wake structures and hydrodynamic
cues.
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