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Abstract attenuation assesment in seawater of electromagneti
This study presents the development of a UHF radio waves at around 2.4 GHz frequency.
antenna for underwater transmissionsin order to rapidly

transmit |arge size files and real-time video. g0, Relative dielectric permittivity [T=15°C S=35 %o]

A = Re (er) Empirical
. 80r% = Im (er),Empirical
1. Introduction P e Re (er),Rigorous
701 \_ = S ® Im (er),Rigorous
New developments of underwater observatories ire/olv 60 SO —Re (er), Debye adjusted
<

. _ \ \. |—Im (er),Debye adjusted
an increase of the transmission data rate betweel A \ (e, e i

3
X . £ A\
autonomous mobile subsystems and fixed platforms. = \ ‘\ N\ \
Actual acoustic or optical wireless transmission &4 \ SeoE= T RN
§30, TN el
N
N\

technologies in this context do not meet the requents

concerning both relative low cost and several tefis 20 \'ﬁv-—f‘/ \\:\.

Mbit/s. The work under development is ongoing withi S \‘\\\:\

the perspective of responding to those needs dwat s 1o ~ \5;...&'
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(axis 5). After a comparison between electromagneti
models of the seawater needed for antennae simsati
we present the conception of an innovative radieram
compatible with common UHF WLAN standards. We Furthermore, Fig. 1 also demonstrates that the rézapi
relate first experimental results at 2.4 GHz. model can be adjusted (Debye adjusted) to obtain an
excellent correspondence with the rigorous model

Fig. 1. Comparison of the dielectric permittivity
models of seawater

2. EM modédling of the seawater
2.b. Attenuation

The expression of the linear attenuatimr(m™) for
the plane wave in a medium is calculated from the
homogeneous Helmholtz equation. It leads to:

2.a. Electromagnetic model of the seawater
In the liquid state, the evolution of the relatidielectric
permittivity €, of the water according to the frequency

yields to a first order Debye equation (1). Forvesar, -1 1 Y2
salinity is due to the presence of various ionic @ =W\ HUE E( 1+ tarf (5) B ]) Eq (2)
components. It induces conductivity(S/m), depending
on location, depth, temperature... whereg’ is the real part of the dielectric permittivitpe
£ —-c tam the loss tangent which integrates the conductivity
E =, +———= I Eq (1) contribution. Considering the frequency at 2.4 GHz,
1-i27mr f 277‘5'0f while the rigorous model predicts an attenuatiory &

The typical parameters of the model are the staticdB/cm, the empirical model provides an additiohalB
permittivitieses, asymptotice,,, and relaxation time. In / cm, notably due to a difference in the imaginaayts.
published literature, simple empirical formulas are Significant uncertainties remain in the theoretical
proposed for these parameters [1]. Moreover, aoigo  evaluation of the attenuation of radio waves acogrtb
model based on the electrophysiology of seawatpr [2 the different compared models. Moreover, specigd t@
demonstrates an excellent correspondence betweethe sensitivity of the antenna's performances heile to
simulations and measurements. Unfortunately, thebe taken, due to the natural electrical properties
calculation of the rigorous model involves substdnt variability of the sea water regarding the varidosal
experimental  characterization, thus  considerably conditions.

reducing the possibilities of use. Fig. 1 illuststhat for

standard conditions of underwater medium, variatioh

predictions between the two models (empirical [&{l a

rigorous [2]) could induce a significant impact the
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3. Ongoing study of the underwater
antenna

3.a. Specification of constraints and objectives

There is a need for fast wireless transmissionaojd
computer video files, or even real-time video usamg
antenna system integrated in underwater mobile feodu
Another important requirement is the effective loost.
Moreover, there are some constraints concernin
biofouling and hydrostatic pressure, bearing indrtimat

the oceanic trenches are a part of the objectiies o

operational implementation.
3.b.  Antenna solution for transmission

In the context of air radio transmissions through
biological tissues, the solutions combining radigti

4. Conclusion

A first prototype of underwater antenna at 2.4 Gtds
been developed with a very good return loss ofdB0
The experiment confirms the specific propertieeced

for applications in various seawater conditions
(temperature, salinity, depth ...) without the riegments
imposed by azimuthal alignment between the tratiemit
and the receiver. The experimental study of the

Yransmission is in progress and will permit to fsethe

hypothesis of the medium modeling and permit to
measure the reachable distance of the transmisBam.
instance it is expected to reach about 10 cm t@rh5
with wireless Wi-Fi conventional systems.
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