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vice comprising a frequency-tunable circuit, comprising:
tuning said circuit between afirstfrequency and a second
frequency for obtaining a variable directional radiation
pattern by the antenna device, to select a directional ra-
diation pattern of the antenna device for improving the
radio signal coupling between the antenna devices, in
particular for maximizing the radio signal coupling be-
tween the two antenna devices, wherein said first fre-
quency and a second frequency are predetermined ac-
cording to the saltwater-freshwater content of the water
such that the directional radiation pattern of the antenna
device for one of the two frequencies is directional and
the directional pattern of the antenna device for the other
ofthe two frequencies is omnidirectional. Antenna device
arranged to periodically tune said circuit to select a di-
rectional radiation pattern of the antenna device for im-
proving the radio signal coupling with another antenna
device, in particular for maximizing the radio signal cou-
pling with another antenna device.
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Description
Technical field

[0001] The present disclosure relates to an antenna
for underwater radio communications and respective op-
eration method, in particular to an antenna device for
underwater radio communications comprising a frequen-
cy-tunable circuit, said circuit being tunable between a
first frequency and a second frequency for obtaining a
variable directional radiation pattern by the antenna de-
vice, in order to select a directional radiation pattern of
the antenna device for improving the radio signal cou-
pling with another antenna device.

Background

[0002] The necessity of monitoring aqueous environ-
ments and the need for reliable communications between
orwith underwater vehicles has led to extensive research
on underwater wireless communications. Acoustic and
optical systems are the most frequently used in those
applications, however, both technologies present limita-
tions and disadvantages that radio frequency (RF) sys-
tems do not have. The biggest advantage of acoustic
systems is the large range that can be achieved, but on
the other hand they exhibit poor performance in shallow
water, limited bandwidth due to the low frequencies used,
may have an impact on marine life and the ambient noise
level could be a limiting factor for communication per-
formance.

[0003] Although optical systems allow ultra-high band-
widths (on the order of Gbit/s) at very close range, those
systems are very susceptible to turbidity and particles
fouling, and they require line-of-sight and thus tight align-
ment, which is a drawback. RF systems can overcome
some of the limitations of both acoustic and optical sys-
tems. They have the advantage of not being affected by
turbidity, operate in non-line-of-sight, are immune to
acoustic noise and allow high bandwidths (up to 100
Mbit/s) at very close range.

General Description

[0004] It is disclosed how the main radiation parame-
ters of an underwater antenna, such as the resonant fre-
quency, the input impedance and the radiation pattern,
change dramatically with the conductivity of the medium
where the antennais placed. Moreover, the radiation pat-
tern changes with the resonance frequency, that is, in
freshwater/seawater the same type of antenna can have
different radiation patterns depending if the medium is
dielectric or conductive at the antenna’s resonant fre-
quency. Therefore, this can be an advantage to achieve
the control of the radiation diagram of an antenna placed
in a certain type of underwater media, by adjusting the
resonant frequency of the antenna, for example, with a
simple electronic circuit. This can be exploited to improve
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underwater communications, for example, between a
moving AUV (autonomous underwater vehicle) and a
fixed platform, by continuously adjusting the radiation di-
agram to the most favourable as the AUV moves.
[0005] An important application that was investigated
in connection with the present disclosure is the imple-
mentation of IEEE 802.11 networks in freshwater and
seawater at VHF, UHF and SHF (Very, Ultra and Super
High Frequency, respectively) bands with the help of soft-
ware-defined radios. However few analyses of the impact
of the antenna design have been presented for those
media. In this disclosure, the design of an antenna, in
particular dipole antenna, for a RF underwater commu-
nication system is described, as a better alternative to
current acoustic systems, for short range communica-
tions. Moreover, the impact of the conductivity of the me-
dium on the characteristics of the antenna is also as-
sessed by means of simulation and experimental work.
[0006] The best media for electromagnetic waves
propagation are insulators, where the conductivity is zero
(o= 0 S/m). In those media, electromagnetic waves are
not attenuated and therefore they are known as lossless
media. If the conductivity of the medium increases, the
attenuation of radio waves also increases.

[0007] Freshwater conductivity can range from 0.005
to 0.05 S/m, the actual value increasing with salinity and
temperature. Thus, seawater has a higher conductivity,
with an average of 4 S/m.

[0008] In a medium with a conductivity ¢ and at the
angular frequency o, the permittivity becomes complex,
with a value of:

o
E=E£y — ja (1)

where &, is the vacuum permittivity.

[0009] The relative permittivity (&) of water depends
upon several factors like water temperature, salinity and
propagation frequency and it can be described by the
Debye model or by the Cole-Cole equation. In this dis-
closure we considered a relative permittivity value of 81
for both fresh and seawater, since according to the mod-
els presented above that is the value of the water per-
mittivity in the frequency range of interest for this work.
[0010] Since wateris not a magnetic medium the value
of its relative permeability is u, = 1. So the permeability
(u) of water is the same as that of free space.

[0011] The propagation of electromagnetic waves, in
any medium, is characterized by their propagation con-
stant, y, which is given by:

v=1/jwu (0 +jwe) = o +j8 (2)
where o (Np/m) and £ (rad/m) are the attenuation and
phase constants, respectively, and o is the angular fre-
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quency.

o
Media where — <] are considered dielec-
we

tric media, or insulators. On the other hand, media where

[0012]

o
— >>1 are considered conductors. In Fig. 1 the be-
WEe

haviour of is shown as a function of frequency
we'
for the two media considered in this work. It can be seen
that freshwater becomes a conductor for frequencies be-
low 11.1 MHz and in the case of seawater this transition
occurs at 888 MHz.
[0013] When an electromagnetic wave propagates in
a lossy medium it is attenuated. How it is shown in Fig.
2, that attenuation increases with the frequency and with
the conductivity (o) of the medium, so it is necessary to
use low frequencies in order to achieve a reasonable
range in RF underwater communication systems.
[0014] The wavelength is defined by:

(3)

and is represented in Fig. 3 as a function of frequency
for three media. It can be seen that the wavelength be-
haviour changes at the frequency at which the transition
from conductive to dielectric medium occurs and from
that pointitbecomes equal to the wavelength in alossless
medium (with the same permittivity).

[0015] Itis disclosed amethod of operating underwater
an antenna device comprising a frequency-tunable cir-
cuit, said method comprising:

tuning said circuit between a first frequency and a
second frequency for obtaining a variable directional
radiation pattern (i.e. a variable preferred operation
direction) by the antenna device.

[0016] Anembodiment of the frequency-tunable circuit
is a circuit comprising an adjustable-capacity capacitor
connected in series or parallel with the antenna such that
the resonant frequency of the antenna is adjustable. This
adjustment may be carried out by a microprocessor or
microcontroller. Another embodiment of the frequency-
tunable circuit is a circuit which is tunable by a data
processing device executing computer program instruc-
tions embodying one of the disclosed methods.

[0017] Anembodiment, for communicating with anoth-
er antenna device, comprises tuning said circuit to select
a directional radiation pattern of the antenna device for
improving the radio signal coupling between the antenna
devices, in particular for maximizing the radio signal cou-
pling between the antenna devices.

[0018] In anembodiment, the directional radiation pat-
tern of the antenna device for one of the two frequencies
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is directional and the directional pattern of the antenna
device for the other of the two frequencies is omnidirec-
tional.

[0019] In an embodiment, said first frequency and a
second frequency are predetermined according to the
saltwater-freshwater content of the water such that the
directional radiation pattern of the antenna device forone
of the two frequencies is directional and the directional
pattern of the antenna device for the other of the two
frequencies is omnidirectional.

[0020] Inanembodiment, the directional radiation pat-
tern of the antenna device has a 90° shift between the
first frequency and the second frequency.

[0021] An embodiment comprises continuously tuning
said circuit between the first frequency and the second
frequency,

such that the directional pattern of the antenna device is
continuously tuned between the first frequency and the
second frequency.

[0022] An embodiment comprises tuning said circuit in
discrete steps between the first frequency and the sec-
ond frequency,

such that the directional pattern of the antenna device is
tuned in discrete steps between the first frequency and
the second frequency.

[0023] In an embodiment, submerged in fresh water,
the first frequency is lower than 11.1 MHz and a second
frequency is higher than 11.1 MHz,

such that the directional radiation pattern of the antenna
device for first frequency is directional and the directional
radiation pattern of the antenna device for the second
frequency is omnidirectional.

[0024] Inanembodiment, submerged in salt water, the
first frequency is lower than 888 Mhz and the second
frequency is higher than 888 MHz,

such that the directional radiation pattern of the antenna
device for first frequency is directional and the directional
radiation pattern of the antenna device for the second
frequency is omnidirectional.

[0025] In an embodiment, the first frequency is lower
than 11.1Mhz and the second frequency is higher than
888 MHz,

such that the directional radiation pattern of the antenna
device for first frequency is directional and the directional
radiation pattern for second frequency is omnidirectional,
independently of the antenna device being submerged
in fresh water or salt water.

[0026] In an embodiment, the antenna device is a di-
pole antenna or a loop antenna.

[0027] In an embodiment, the antenna device is used
in an IEEE 802.11 protocol network.

[0028] It is also disclosed an antenna device for un-
derwater radio communications comprising a frequency-
tunable circuit, said circuit being tunable between a first
frequency and a second frequency for obtaining a vari-
able directional radiation pattern (i.e. a variable preferred
operation direction) by the antenna device.

[0029] Anembodimentis arranged to periodically tune
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said circuit to select a directional radiation pattern of the
antenna device for improving the radio signal coupling
with another antenna device, in particular for maximizing
the radio signal coupling with another antenna device.
[0030] Thesaid periodictuning can be performed using
a sweep, for example, every 10 seconds (see fig. 8). The
tuning must be performed simultaneously by the two an-
tenna devices (emitter and receiver), so that both anten-
na devices always use the same frequency. In the be-
ginning, a default communication frequency (fa) shall be
known by both antenna devices. Periodically both anten-
na devices will tune their circuits with a frequency sweep
(f1-f2) known by both antenna devices, either continuous
or discrete. A discrete frequency step can be defined for
example between 1 MHz and 5 MHz to be used in the
frequency sweep. Using a discrete frequency step facil-
itates keeping the two antennas in sync during the fre-
quency sweep.

[0031] The frequency sweep normally covers from the
first frequency (f1) to the second frequency (f2), prefer-
ably with a total sweep duration much shorter than the
period between said periodic tunings, for example, 100
ms, such that the communication throughout is not sub-
stantially affected by the time lost in this. While the tuning
is performed, one or both of the antenna devices can
register the received signal strength. At the end of the
sweep, the results are analysed by one of the antenna
devices (the master antenna device) and a decision is
made on whether to tune the said circuit to another fre-
quency.

[0032] The decision depends on whether a frequency
was found where the received signal strength is higher
than the received signal strength at the current frequen-
cy, orthe average of the received signal strength between
both antenna devices is higher than the received signal
strength at the current frequency. The decision is then
communicated by the master antenna device to the other
antenna device (slave), normally through said default or
currently used frequency, so that both antenna devices
will change to the same new frequency (fb). The process
is preferably repeated periodically and the new frequency
(fb) may then change subsequently to another new fre-
quency (fc), and so on.

[0033] Accordingtoa method of operating the antenna
device, the antenna device is arranged to periodically
tune said circuit to select a directional radiation pattern
of the antenna device for improving the radio signal cou-
pling with another antenna device, by periodically making
a frequency sweep in synchronized frequency between
both antennas and selecting a frequency from said fre-
quency sweep that maximizes signal strength coupling
between said two antennas. A discrete frequency step
can be defined between 1 MHz and 5 MHz to be used in
the frequency sweep.

[0034] In another possible embodiment, both antenna
devices will periodically tune their circuits to the neigh-
bouring frequencies immediately above (f2) and below
(f1) the current frequency, by iterative improvements,
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considering a discrete frequency step that can be defined
for example between 1 MHz and 5 MHz (see fig. 9). In
the beginning, a default communication frequency (fa)
shall be known by both antenna devices. The tuning pe-
riod can be for example 10 seconds. The next frequency
to be used shall be decided by the master antenna de-
vice.

[0035] The decision depends on whether the received
signal strength at any of the tested frequencies (f1, f2) is
higher than the received signal strength at the previous
frequency (fa), or the average of the received signal
strength between both antenna devices is higher at the
tested frequencies than the received signal strength at
the previous frequency. The decision is then communi-
cated by the master antenna device to the other antenna
device (slave), normally through said default or currently
used frequency, so that both antenna devices will change
to the same new frequency (fb=f1) which provides a bet-
ter signal strength. The process is preferably repeated
periodically and the new frequency (fb) may then change
subsequently to another new frequency (fc), and so on.
[0036] According to an alternative method of operating
the antenna device, the antenna device is arranged to
periodically tune said circuit to select a directional radi-
ation pattern of the antenna device forimproving the radio
signal coupling with another antenna device, by period-
ically making a frequency test, in synchronized frequency
between both antennas, of a lower frequency than the
frequency currently being used and an higher frequency
than the frequency currently being used, and selecting a
frequency from said lower and higher frequencies that
maximizes signal strength coupling between said two an-
tennas. The lower and higher frequencies may have a
discrete frequency step that can be defined for example
between 1 MHz and 5 MHz above and below the fre-
quency currently being used.

[0037] In another embodiment, multiple antenna de-
vices co-exist in a given underwater scenario. In such
case, the master antenna device can send information
specifically targeted to a given slave antenna device or
group of slave antenna devices. Since the physical loca-
tion of the slave antenna devices can be known to the
master antenna device, the master antenna device will
select the targeted slave antenna by switching to a fre-
quency where the radiation is substantially directed in
the targeted direction, a step that must be preceded with
a communication at said default frequency indicating the
next frequency to be used, in order to synchronize the
transmission.

[0038] An embodiment is arranged to continuously
tune said circuit between the first frequency and the sec-
ond frequency, such that the directional pattern of the
antenna device is continuously tuned between the first
frequency and the second frequency.

[0039] An embodimentis arranged to tune said circuit
in discrete steps between the first frequency and the sec-
ond frequency, such that the directional pattern of the
antenna device is tuned in discrete steps between the
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first frequency and the second frequency.

[0040] In particular, for fresh water, the first frequency
is 834 kHz or 1.68 MHz, and the second frequency is 19
MHz or 30 Mhz. In particular, for fresh water, the first
frequency is between 834 kHz - 1.68 MHz, and the sec-
ond frequency is between MHz - 30 Mhz.

[0041] In particular, for salt water, the first frequency
is 286 MHz or 453 MHz, and the second frequency is 1
GHz or 2.16 GHz. In particular, for salt water, the first
frequency is between 286 MHz - 453 MHz, and the sec-
ond frequency is between 1 GHz - 2.16 GHz.

Brief Description of the Drawings

[0042] The following figures provide preferred embod-
iments for illustrating the description and should not be
seen as limiting the scope of invention.

g

Figure 1: Behaviour of as a function of fre-

we
quency for the two media considered in this work (o=
0.05 S/mand ¢ =4 S/m).

Figure 2: Attenuation of an electromagnetic wave
propagating in two different media (o= 0.05 S/m and
6 =4 S/m).

Figure 3: Wavelength of an electromagnetic wave
propagating in three different media with ¢’ = 81 (o=
0 S/m, 6 =0.05 S/m and ¢ =4 S/m).

Figure 4: Analysed antennas: dipole and loop.

Figure 5: Dependency of resonance frequency on
the water conductivity.

Figure 6: Dependency of real part of input imped-
ance at resonance on the water conductivity.

Figure 7: Current distribution in antennas at the res-
onant frequency: dipole and loop.

Figure 8: Frequency adjustment method by periodic
frequency sweep.

Figure 9: Frequency adjustment method by iterative
frequency improvements.

Table I: Dimensions of the loop antenna for the three
different types of media at three different frequen-
cies.

Table IlI: Dimensions dipole antenna for the three
different types of media at three different frequen-
cies.

Table lll: Radiation pattern for the dipole antenna
forthe three different media and for the three different
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frequencies.

Table IV: Radiation pattern for the loop antenna for
the three different media and for the three different
frequencies.

Table V: Radiation patterns for the loop antenna
near the transition from conductive to dielectric me-
dia in freshwater.

Table VI: Radiation patterns for the loop antenna
near the transition from conductive to dielectric me-
dia in seawater.

Detailed Description

[0043] Wehave assessedthroughsimulation,in FEKO
3D electromagnetic simulator, the performance of two
different antennas embodying the disclosure in terms of
resonance frequency, input impedance and radiation
pattern. The antennas are a loop antenna with a radius
of 16 cm and a 50 cm length dipole antenna. The two
antennas are depicted in Fig. 4 and consisted of a simple
3 mm thick cooper wire, covered with an insulator with a
thickness of 50 wm and a relative permittivity of 3.
[0044] We performed an extensive analysis of this two
antennas in terms of their radiation characteristics in un-
derwater media, in particular an analysis of resonant fre-
quency and input impedance. Fig. 6 and Fig. 7 show the
dependency of two major antenna parameters as a func-
tion of water conductivity, namely the resonant frequency
and the real part of the impedance at that frequency,
respectively. From these figures it is clearly seen that
both the resonant frequency and the input impedance of
both antennas change dramatically with the conductivity
of water. From these results we readily conclude that the
same physical antenna, without further adaptations or
circuits, will not normally be suitable for both fresh and
seawater environments, as the resonance frequency is
relatively different. Moreover, from Fig. 7 we can also
conclude that depending on the conductivity of water,
different matching networks must be designed, for an
efficiently use of the antennas.

[0045] Fig. 7 shows the current distribution in both an-
tennas at the resonant frequency. In this disclosure it is
considered a A/2 dipole and a large loop with a circum-
ference length being X.

[0046] In an embodiment, we analyse the near field of
both antennas through simulations in FEKO. Simulations
for the near field were obtained as far away from the
antennas as possible, with the intention of determining
the radiation pattern, since it is impossible to measure
directly the far field pattern in lossy media.

[0047] The radiation pattern was obtained for three fre-
quencies (600 kHz, 100 MHz, 1 GHz) and for three dif-
ferent media: 6=0S/m, 6= 0.05 S/m and ¢ = 4 S/m (with
¢'=81). The frequencies were chosen in order for all the
media to be dielectric at one frequency (f= 1 GHz), an-
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other frequency in which only seawater was a conductive
medium (f = 100 MHz) and finally a frequency at which
both fresh and seawater were conductive (f = 600 kHz),
as shown in Fig. 1.

[0048] The dimensions of both antennas were adjust-
ed tomake them resonant atthe three frequencies, giving
them a current distribution equal to Fig. 7. The dimen-
sions are shown in TABLE | and in TABLE Il for the loop
and dipole, respectively, for the three media considered
and for the three frequencies analysed.

[0049] TABLE Illand TABLE IV show the radiation pat-
ternsfor the loop antenna and for the dipole, respectively,
with the antennas placed in the same orientation as in
Fig. 4. Again we see the influence of the water conduc-
tivity on the performance of the antenna. In a dielectric
medium the radiation pattern maximums are oriented in
the z+ and z- directions, whereas in a conductive medium
they are shifted by 90°, in the case of the loop antenna.
A change in the radiation pattern can be observed also
for the dipole when the medium becomes conductive.
Other antenna types, and respective combinations, will
have the corresponding radiation behaviours, such that
the disclosure is not limited to dipole or loop antennas,
these being illustrative embodiments.

[0050] Tobetterunderstand the change ofthe radiation
pattern, we made an analysis near the frequency of tran-
sition between a conductive/dielectric media. In Table V
are shown the radiation patterns for the loop antenna in
freshwater, close to 11 MHz. In Table VI are shown the
radiation patterns for the same antenna in seawater near
888 MHz (according to Figure 1). It is easy to see that
the evolution of the radiation pattern is very similar in
both cases when the media is transitioning between con-
ductive and dielectric.

[0051] In this disclosure, the performance of two an-
tennas in underwater media was analysed. It was seen
that the main radiation parameters, such as the resonant
frequency, the inputimpedance and the radiation pattern,
change dramatically with the conductivity of the medium
where the antennais placed. Moreover, the radiation pat-
tern changes with the resonance frequency, that is, in
freshwater/seawater the same type of antenna can have
different radiation patterns depending if the medium is
dielectric or conductive at the antenna’s resonant fre-
quency. Therefore, we can take advantage of this fact to
achieve the control of the radiation diagram of anantenna
placedin a certain type of underwater media, by adjusting
the resonant frequency of the antenna with a simple elec-
tronic circuit. This can be exploited to improve underwa-
ter communications, for example, between a moving
AUV and a fixed platform, by continuously adjusting the
radiation diagram to the most favourable as the AUV
moves.

[0052] The term "comprising" whenever used in this
document is intended to indicate the presence of stated
features, integers, steps, components, but not to pre-
clude the presence or addition of one or more other fea-
tures, integers, steps, components or groups thereof.
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[0053] Itisto beappreciated that certain embodiments
of the disclosure as described herein may be incorporat-
ed as code (e.g., a software algorithm or program) resid-
ing in firmware and/or on computer useable medium hav-
ing control logic for enabling execution on a computer
system having a computer processor, such as any of the
servers described herein. Such a computer system typ-
ically includes memory storage configured to provide out-
put from execution of the code which configures a proc-
essor in accordance with the execution. The code can
be arranged as firmware or software, and can be organ-
ized as a set of modules, including the various modules
and algorithms described herein, such as discrete code
modules, function calls, procedure calls or objects in an
object-oriented programming environment. Ifimplement-
ed using modules, the code can comprise a single mod-
ule or a plurality of modules that operate in cooperation
with one another to configure the machine in which it is
executed to perform the associated functions, as de-
scribed herein.

[0054] The disclosure should not be seen in any way
restricted to the embodiments described and a person
with ordinary skill in the art will foresee many possibilities
to modifications thereof. The above described embodi-
ments are combinable. The following claims further set
out particular embodiments of the disclosure.

[0055] The following references, should be considered
herewith incorporated in their entirety:

[1]1X.Che, |. Wells, G. Dickers, P. Kear, and X. Gong,
"Re-evaluation of RF electromagnetic communica-
tion in underwater sensor networks," IEEE Commu-
nications Magazine, vol. 48, no. 12, pp. 143-151,
2010.

[2] F. Teixeira, P. Freitas, L. Pessoa, R. Campos,
and M. Ricardo, "Evaluation of IEEE 802.11 Under-
water Networks Operating at 700 MHz, 2.4 GHz and
5 GHz," in Proceedings of the 9th ACM International
Conference on Underwater Networks & Systems,
WUWNet'14, 2014.

[3] F. Teixeira, J. Santos, L. Pessoa, M. Pereira, R.
Campos, and M. Ricardo, "Evaluation of Underwater
IEEE 802.11 Networks at VHF and UHF Frequency
Bands using Software Defined Radios," in Proceed-
ings of the International Conference on Underwater
Networks & Systems, WUWNET’15, 2015.

[4] S. Jiang and S. Georgakopoulos, "Electromag-
netic wave propagation into fresh water," Journal of
Electromagnetic Analysis and Applications, vol. 3,
no. 07, p. 261, 2011.

Claims
1. Method of operating under water an antenna device

comprising a frequency-tunable circuit, said method
comprising:
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tuning said circuit between a first frequency and
a second frequency for obtaining a variable di-
rectional radiation pattern by the antenna de-
vice.

Method according to the previous claim, for commu-
nicating with another antenna device, comprising
tuning said circuit to select a directional radiation pat-
tern of the antenna device for improving the radio
signal coupling between the antenna devices, in par-
ticular for maximizing the radio signal coupling be-
tween the two antenna devices.

Method, according to any of the previous claims,
wherein the directional radiation pattern of the an-
tenna device for one of the two frequencies is direc-
tional and the directional pattern of the antenna de-
vice for the other of the two frequencies is omnidi-
rectional.

Method, according to any of the previous claims,
wherein said first frequency and a second frequency
are predetermined according to the saltwater-fresh-
water content of the water such that the directional
radiation pattern of the antenna device for one of the
two frequencies is directional and the directional pat-
tern of the antenna device for the other of the two
frequencies is omnidirectional.

Method, according to any of the previous claims,
wherein the directional radiation pattern of the an-
tenna device has a 90° shift between the first fre-
quency and the second frequency.

Method according to any of the claims 1-5, compris-
ing tuning said circuit in discrete steps between the
first frequency and the second frequency,

such that the directional pattern of the antenna de-
vice is tuned in discrete steps between the first fre-
quency and the second frequency.

Method of operating an antenna device submerged
in fresh water, according to any of the previous
claims, wherein the first frequency is lower than 11.1
MHz and a second frequency is higher than 11.1
MHz,

such that the directional radiation pattern of the an-
tenna device for first frequency is directional and the
directional radiation pattern of the antenna device
for the second frequency is omnidirectional;

in particular, the first frequency is 834 kHz or 1.68
MHz, and the second frequency is 19 MHz or 30
MHz.

Method of operating an antenna device submerged
in salt water, according to any of the claims 1-6,
wherein the first frequency is lower than 888 Mhz
and the second frequency is higher than 888 MHz,
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10.

1.

12.

13.

14.

15.

such that the directional radiation pattern of the an-
tenna device for first frequency is directional and the
directional radiation pattern of the antenna device
for the second frequency is omnidirectional;

in particular, the first frequency is 286 MHz or 453
MHz, and the second frequency is 1 GHz or 2.16
GHz.

Method according to any of the previous claims,
wherein the first frequency is lower than 11.1 MHz
and the second frequency is higher than 888 MHz,
such that the directional radiation pattern of the an-
tenna device for first frequency is directional and the
directional radiation pattern for second frequency is
omnidirectional, independently of the antenna de-
vice being submerged in fresh water or salt water.

Method according to any of the previous claims,
wherein the antenna device is a dipole antenna or a
loop antenna, in particular wherein the antenna de-
vice is used in an IEEE 802.11 protocol network.

Antenna device for underwater radio communica-
tions comprising a frequency-tunable circuit, said cir-
cuit being tunable between a first frequency and a
second frequency for obtaining a variable directional
radiation pattern by the antenna device.

Antenna device according to the previous claim, ar-
ranged to periodically tune said circuit to select a
directional radiation pattern of the antenna device
for improving the radio signal coupling with another
antenna device, in particular for maximizing the radio
signal coupling with another antenna device.

Antenna device, according to claim 11 or 12,
wherein the directional radiation pattern of the an-
tenna device for one of the two frequencies is direc-
tional and the directional pattern for the other of the
two frequencies is omnidirectional when the device
is submerged in freshwater or saltwater.

Antenna device, according to any of the claims
11-13,

wherein the directional radiation pattern of the an-
tenna device has a 90° shift between the first fre-
quency and the second frequency when the device
is submerged in freshwater or saltwater.

Antenna device according to any of the claims 11-14,
wherein the antenna device is a dipole antenna or a
loop antenna, in particular the antenna device is an
IEEE 802.11 protocol network antenna.
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TABLE |
Loop Radius (m)
Conductivity (S/m) f=600 kHz f=100 MHz f=1GHz
0 9.50 0.070 0.008
0.05 0.070 0.008
4 3.65 0.046 0.008
TABLE I
Dipole Length (m)
Conductivity (S/m) f=600 kHz f=100 MHz f=1GHz
0 28.40 0.176 0.0205
0.05 10.14 0.178 0.0205
4 11.50 0.104 0.0196
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