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Antenna Design for underwater
Communication (Wide Band):
A Review

Amit*, Sandip Vijay** and Manish Kumar Pandey***

ABSTRACT

In this paper, the outline and execution of antenna sortsin wide band frequenciesfor sea communication are broke
down. Thiswork primarily focuses on outlining a high frequency wide band antenna which has high directivity,
omni directional radiation design, little size and great time space performances.

1. INTRODUCTION

Ultra-wideband (UWB) is aradio transmission innovation which involves a greatly wide bandwidth, i.e. >
500MHz or possibly 20% of the centre frequency [1], is additionally a progressive methodology for short-
range high-bandwidth remote communication. Varying from customary thin band radio frameworks (with
a transmission capacity normally under 10% of the middle frequency) transmitting signals by regulating
the amplitude, frequency or phase of the sinusoidal waveforms, UWB frameworks transmits data by
producing radio energy at particular time momentsas short pulses accordingly possessing extensive transfer
speed and empowering time modulation. The transmitting power utilization of UWB frameworks is
amazingly low in correlation with that of conventional limited band radio frameworks[2]. UWB innovation
is broadly utilized in numerous applications, for example, indoor situating, radar/medicinal imaging and
target sensor information gathering. Since the discharge by the Federal Communications Commission (FCC)
[1], [2] of atransmission capacity of 7.5GHz ( 3.1GHz to 10.6GHz) for ultra wideband (UWB) remote
interchanges. Omni directional property in radiation example is popular for UWB antenna. Consequently
low directivity iscoveted and theincrease ought to be as uniform for various headings. Radiation productivity
is likewise an imperative application. Since the force transmitted into space is low, the radiation proficiency
required is high. The antenna composed ought to be fit for working over an all inclusive transmission
capacity as apportioned by the FCC. Antenna intended for use in air are inadmissible for use in water, in
view of the distinctive electromagnetic properties of water and air. Electromagnetic submerged has an
ostensible velocity of 33,333,333nVs, power misfortune, 28dB/Km/100MHz,MHz data transmission and a
10m viable reach with under 0.5 m antenna [34]. Ultra Wideband antenna has high radiation effectiveness,
straight stage, offerslow scattering, and aVSWR < 2 al through the whole band with generally little size.
Inthis proposed work diverse antennaareexplored in point of interest with a specific end goal to comprehend
the parameters that lead to the wide band trademark furthermore get some quantitative rules for planning
thissort of antenna. Next to no work has been donein underseacommunications. | n seawater the conductivity
is ostensibly o = 5 §/m and a decent conductor ought to fulfill the condition o/\ew >>1, so seawater is a
decent conductor at 7 to 30 MHz . The attenuation consistent is roughly, o = faVnopf [28].
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The propagation of electromagnetic wavesin water isaltogether different than noticeable all around, as
aresult of its high dielectric steady and the constriction is much higher in water, creating an impediment on
the transmission separation which cause variety of theimpedance of the antennaThis adjustment consequently
misfortune suggests a totally variety when submerged in water. Therefore, as the frequency expands, the
constriction additionally increments and the spread separation diminish, so water isasuperior conductor at
lower frequencies [10]. In this way seawater is a decent medium at frequencies around 10 MHZ's. So a
antenna ought to be planned with low frequency, high increase, omnidirectional radiation design, little size,
consistent gathering postponement and addition over the entire band. The outline parameters for
accomplishing ideal operation of the antennas ought to be broke down widely so as to comprehend the
antenna operations.

2. LITERATURE SURVEY

Undersea communications incorporate driver checking frameworks [12], submerged independent vehicles
(AUV)[17],underwater acoustic networks[18], observatorieq 35], identification of submerged mines,
calamity counteractive action and so on. Despite the fact that the proposed omni directional antennais for
the most part in light of undersea communication, not very many works are done here. In addition not very
many works are finished with electromagnetic waves in water because of the high dielectric steady. These
sorts of antennas are mostly utilized for setting up communication between submerged sensors, utilizing
electromagnetic signs. Electromagnetic spread in water is 1/9 times of free space and the lesser Doppler
shift gives order dormancy and better systems administration conventions in submerged communications
[20].EM wave engendering is conceivable through the water segment at helpful separations in the lower
unlicensed Industrial, Scientific and Medical bands (I1SM) [23]. The arrival misfortune relies on upon the
reflection coefficient. An arrival misfortune level not exactly - 10 dB implies that the vitality is transmitted
ismore than 90%. The antennaradiation example is characterized as the spatial dissemination of an amount
which portrays the electromagnetic field produced by a antenna [10][13]. The level of this parameter is
connected with sustaining power. The directivity in a heading measures the force thickness that a antenna
transmits in a particular bearing, in respect to the force thickness emanated by a perfect isotropic radiator
antenna transmitting the same measure of aggregate force. This parameter is connected with the radiation
control, and is utilized to know the antenna proficiency. The antennas size ought to be under 5cm of span
[8]. The antennas in water are inclined to erosion, so a protected antennais liked to one made of exposed
metal [22]. The lessening is less in low frequencies and our work basically focus on lower wide band
frequencies [15]. In prior works acoustic waves are utilized for the communication as a part of undersea,
however the low speed and time changing properties make the acoustic frequencies less best in cutting
edge interchanges. In acoustic the transfer speed is undesirably constrained [33], albeit utilized for long
separation interchanges. Conductivity, dielectric seady and permittivity are the vita variablesin the undersea
communications where they change with frequency and temperature [7], [8]. Impedance increments with
frequency, however diminishes with the conductivity. | mpedance matching is an essential viewpoint in any
antenna plan normally utilizes a matching circuit for outlined antennain air. However, because of the high
dielectric property of water, matching circuit in circuit may experience the ill effects of complete sign
misfortune[24]. In addition the dielectric consistent does not fluctuate inside the 10 MHz-1 GHz frequency
range[8].

This work mostly focused on antenna plan in undersea interchanges. Past work incorporates circle
antennag] 22],long wires, bow-tie[24] and dipoles[8].To outline particular antenna the configuration
parameters, for example, pick up, directivity, return misfortune and radiation example ought to be checked
to fulfill diverse physical size and electrical details. The product instrument for antenna outline is HFSS
programming. In the application that we think about, we require reproductions in water with a permittivity
of 81. In our work the study scope of frequenciesare chosento be 10 MHz-1 GHz, on the grounds that the
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frequenciesin water are 9 timeslower thanin air[23]. For the antennato work in UWB range, BW ought to
be more noteworthy than 500 MHz nourishing is additionally an imperative angle in antenna outline. In
1967, Richard K Moore[32] concentrated low frequency (VLF) and proposed that because of solid lessening
in the ocean, low frequencies are required for undersea communication. He made the primary hypothetical
treatment of end sustained dipole and considered every one of the four dipole blends (Vertical, Horizontal,
electric and attractive) in undersea communications. In 1976, Momma et al [11] proposed a submerged
communication with decreased power and expanded reach by electric current. This strategy isa contrasting
option to acoustic wave communication yet brings about high power utilization. In 2004, Al exhibited that
transmit and get antennas, enhance propelling effectiveness, covered with protecting material empowered
sign engendering over several meters in shallow water. Their outcomes demonstrate propagation loss of
100dB in the antenna close field and 1 to 3 dB in far field with misfortune out to 100 m. Another sort of
ionic fluid (salt water) antenna was proposed by Ewananovil et a [38]. In this two salt arrangements one
with saltiness 35 sections for each thousands and conductivity 4.7 S/m at 17.5"C and the other with the
saltiness multiplied at 70 ppt and 8.4 SY/mat 17.5 “C. Thefull frequency was discovered conversely relative
to salt arrangement segment stature and transmission capacities. 1n 2006, A. Shaw et a [30] concentrated
on the electromagnetic wave propagation through seawater at MHz frequencies. He led diverse class tests
in afiber tank with dipole, circle, two fold circle and collapsed circle antennas. Around the same time, Ram
et a [31] determined a physically sensible model for the frequency variety of the relative permittivity of
seawater for fluctuating salinities and temperatures. In this study they quantified no conductivity change
for little electric fields (12 and 1.5 uV/m) at frequencies of 50 KHz and 1 MHz separately. In 2007, Fielding
et al [19] dissected a strategy for keeping up vertical dipole antenna arrangement for subseatowing, where
flat dipole antennas were utilized as a part of EM transmission. In 2008, Peter Smith explored [25] a
solitary resonant curl antenna, a variety of twin full loops, a stacked section of twin thunderous curls with
2.5 kHz working frequency, which gives a wavelength of ~30 m for average seawater electrical qualities
(e, = 81, o = 4 Sm). These antennas can effectively maximize the attractive flux while keeping up a
reasonable drive circuit. A full antenna outline decreases the force prerequisite of the drive circuit with high
Q. Heconsolidated stacked and exhibit antennaesto build thetransmitted attractive minute. In 2009, Conessa
et al [27] outlined a dynamic antenna to gauge electromagnetic fields in water. It consolidates a differential
wideband speaker and a dipole, which give steady pick up on the transfer speed of the antenna and little
size of the dipole. In thisasymmetrical gathering antennain the frequency scope of 100 MHzto 1 GHz was
presents with couple of aggravations. This dipole can be utilized as a wideband matching system and
perfect balun when associated with a differential speaker. The affectability is better for high frequencies.
Around the sametime Liu et al [29] proposed an even electric dipole (HED) in which vertical electric field
segment created by a HED in an ocean of limited profundity is much weaker than the even parts, and might
be disregarded by and large in ELF band. Level segments are more delicate to the change of seabed
conductivity than other field parts. In a shallow ocean, the field quality from a HED would rot sower with
the separation than that in a remote ocean, along these lines giving a good condition to submerged
communication. The field quality created is not touchy to frequency change in ELF band. A submerged
HED at the seabed can significantly change the electromagnetic field circulations delivered. It must be
connected to determinate the clear conductivity at seabed surface. Around the sametime, an electromagnetic
sign asastraight trill signal (1 kHz to 29 kHz over atime of 42.6 ms) of reach 27mswas proposed by Robin
et al [39]. In this Line antenna, attractive circle, surface shape antenna, conformal 2D plate antenna were
broke down hypothetically and for all intents and purposes.

In 2010 Dale [12] recommended in Situ information extraction from submerged sensors with moderate
transmission rate. As per him undersea communications, control and charge flags more often than not does
not require high information rates.ie in acoustic modems the measure of data assembled over atimeframe,
is lost in the middle of transmission in rapid modems [18]. Around the same time Kenneth et al [22],
recommended a mussel based protected (copper) dipole isotropic antenna s were more viable than circle
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antenna that are under study. In the exact close field (close field 2 inches and far field 6 creeps), the
protected circle performs superior to some other antenna, however they got power tumbles off quickly. In
2011, Waheed et a [26] outlined low frequency (VLF) antenna for undersea interchanges. They utilized
copper wires which are rewound smply like a transformer center in either bearing. In this a low power
regulated and speaker circuit was intended for short separation interchanges between two submarines.
Around the same time Zhang et al [28] proposed a vibrator antenna which gives preferable execution over
circle antenna. A vibrator antenna may have a diminished sign to commotion proportion, and it can be
utilized over more noteworthy separations. Hector et al [ 35] presented acradle for decreasing the transmission
misfortune in submerged interchanges. In thiswork, the reflection coefficient got was- 25.98dB in 2.38GHz
(without spread) and - 34.25dB in 2.58GHz (with glass cover).When glass spread is utilized the antenna
transmission capacity diminished from100 MHz to 70 MHz, because of the permittivity of glass. In 2012,
Lu et al [4] proposed atwo planar monopole (circular and swan) with cutting openings on ground plane and
create solid coupling amongst spaces and ground plane modes on FR4 substrate with a measurement of 32
mm x 15 mm for the curved monopole and 25 mm x 9 mm for the swan monopole. The proposed antenna
openings had aimost no consequences for the frequency and time space exhibitions. Around the same time
Abdurrahman et a [21] proposed around smaller scale strip antennafor underground interchanges. In this
he broke down the underground flag engendering and reflection from ground interfaces. The frequency
impacts on the way misfortune for various estimations of separation between sensors utilizing distinctive
soil sorts are contemplated. Around the same time Jurianto [33] proposed another sort of antenna for
underseacommunication with less power utilization. Inthisthe antennaincludedfirst transmitting component
or associating with a first potential level and second emanating component for interfacing with second
potential level with both first and second field forming structure for controlling field spread in first and
second heading. The spread bearing is characterized by field pathway and generously opposite to no less
than one of the first or second headings. The related works done as such far are appeared in table 1.1. In
2013, Liang et al [3] proposed a wideband monopole antenna for Bluetooth and UWB application. He
utilized lower pass band-U formed parasitic strips reciprocally close to bolster line on a FR4 substrate with
measurements of 18 x 32 x 0.8 mm3. He examined the reflection coefficient by changing length and feed
crevice. The peak gain at Bluetooth band of 1.6dB. Chang et al [5] proposed areversed F antenna for a 3
13 GHz short range (<10m) UWB indoor, remote communication. In this a planar monopole istop stacked
with arectangular patch connected to two rectangular plate, one shorted to ground and other suspended on
a FR4 substrate with a measurement of 20 x 10 x 7 mma3. In that year Mingjian Li et al [6]proposed a
differential bolstered magneto-dielectric dipole which gives unidirectional radiation design and an increase
of 8.25+1.05dBi on a Duroid 5870 substrate with a measurement of 65 x 65 x 9.8mm3. This antenna to

Tablel

Techniques used so far
Antenna used Frequency band
Bow tig[22] 433 MHz ISM
Coaxial loop [34] 3-18 MHz
Magneto Electric Dipole[34] 3.08-10.6 GHz
Monopole [35] 433 MHz ISM
Electrodes[27] VLF
Microstrip [29] 2.4 GHz
Dipole loop folded dipole [33] 315-433 MHz ISM
Lonline magneticloop [33] 10-100 KHz
Coaxia antenna[31] VLF

Dipoleantenna[36] 100KHz-14MHz
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have an impedance transmission capacity of 114% for frequencies from 2.95 to 10.73 GHz range. In this
the radiation designsin E and H planes are all around carried on up to 9.4 and 8.9 GHz, individually, after
which side flaps show up because of the high request modes radiation. Arash et a [7] proposed a couple
line nourished planar, (patch antenna) which has a double band score with two coordinated monopoles that
endeavors to incorporate the UWB innovation with Bluetooth and Global System for Mobile
Communications (GSM) at 900 MHz. Kwai et al [13] [16] proposed a magneto electric dipole for UWB
application that can be effortlessly imprinted on Duroid 5880 substrate for 60 GHz frequency. Inthisalevel
tie electric dipole with an impedance transmission capacity of 110%, with SWR < 2 was broke down from
3.081t0 10.6 GHz. Li et a [14] gathered UWB antennaesin light of Time area or Frequency space and low
pick up or high pickup. He dissected ringing, bunch delay, signal loyalty and separation parameters. A
coordinated Bow tie antenna outlined by Abdou et al [23] demonstrates that, a RL of - 16dB at 433MHz
which implies that more than 95% of the forceis transmitted in air and the reenactment introduces a sharp
valley at low frequencies of 154 MHz with a high esteem - 43dB of RL and data transfer capacity of
90MHz in undersea. In this the antenna is completely waterproofed with paste. Brian et al [41] proposed
broadband antennas (adjusted coaxial circle antennas with abazookaBalun) with protection (TiO2) utilizing
OFDM, propelled space frequency and iterative unraveling for low SNR Thetests were done with moderate
information rates up to 100 Mps.

3. ELECTROMAGNETIC WAVES

The EM field conducts in freshwater and seawater is completely diverse. In salt water, postive and a
negative particle might be clung to each other through water atomsthat are hydrogen reinforced (to agreat
degree frail and smple to break) to each other. In this way at high electric field qualities, with strengths
acting in inverse bearings on positive and negative particles, these bonds may be broken separated and
would get free positive and negative particles. The engendering speed ¢ can be communicated asin condition
number (1).
c=1/Wue (1)
Where ¢ is the dielectric permittivity and i is the attractive penetrability. The relative permittivity of air
isaround one [3]-[7]. Since ¢_(relative permittivity) for water (saline and new similar) is about 81, the rate

of submerged EM waves is moderated around just a variable of 9 of the pace of light in free space. The
assimilation coefficient o for EM engendering in freshwater can be figured as in condition (2).

o = o(Vp/e)/2 2

Where o is the electric conductivity. Seawater is a high-misfortune medium. In exceedingly conductive
media, boththe propagation speed and the absorptive loss of EM waves are elementsof transporter frequency.
The propagation speed and ingestion misfortune can be communicated asin condition (3) and (4) separately.
¢ = Vanfluc (3)

0= \/Gufn 4)

For a given medium, the proportion of the electric conductivity and the dielectric permittivity, o/u,
alluded to as move frequency, characterizes the outskirt of the conduct of an electromagnetic (EM) field in
that medium [36]. If the frequency of an EM field islower than the move frequency, it actsfor the most part
like a dispersion field; if the frequency is higher than the move frequency, the EM field is generally similar
to an engendering wave. For seawater, the conductivity is around 4 Siemensg/meter, and the dielectric
permittivity is81 x 109= (36mn). These qualitiesyield amove frequency of around 4 x 36n x 109 = (2 x 81n)
= 888 MHz This implies if a transporter taking a shot at the frequency of 10 MHz in seawater, which is
much lower than seawater’s move frequency, then the EM field essentially is not a wave any longer and it
rather acts like a dispersion field. On the flip side of the range, if a transporter with frequency of 1 GHz is
utilized, the EM field will for the most part carry on like awave. Notwithstanding, the EM wave can barely
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propagate due to the high ingestion of seawater. The field segments for submerged level electric dipole in
submerged conditions are very much noted by Blare [37] in 1962.

4. ELECTROMAGNETIC PROPAGATION IN SEAWATER

The spread steady is an element that decides the adjustments in an electromagnetic wave asit engendersin
a provided guidance and the propagation consistent [30] is communicated by condition (5).

v =Vjou (joe +0) = o + jp ®)

o =P =oVueV 0.5 (V1 + (o + we)?-1) (6)

Where  is the angular frequency, p is the magnetic permeability, and a is the electric permittivity [9].

The propagation consistent has a genuine attenuation steady o(m-1) ( Helmholtz equation) and a fanciful

stage steady (3. The constriction steady relies on upon rate of rot and the stage consistent relies on upon the

rate of stage change in EM spread. Ocean water scatters vitality as warmth when an electromagnetic wave

engendersthrough them[8]. Intrinsic impedance n, isthe proportion of the transverse electric and attractive

field. In ocean water propagation | decides power exchange. The spread consistent and inborn impedance

are roughly those of alosdess dielectric

B=wVue andn="u/e
Since the permittivity of water is around 9 times that of air, the natural impedance is around a 1/9 that
in air and the propagation steady is around 9 times that in air. The wavelength A, A = 2/ B in water is
around a 1/9 that in air. The attenuation, a(dBm-1 got from Neper m-1),velocity of propagation (ms-1),
skin profundity, o(m), wavelength, A(m), and characteristic impedance, n(Q2), versus frequency, (Hz), can
be effectively acquired straightforwardly from the relationshipg 39].

4.1. Design

The outline methodologies are mostly grouped into four. They are class A, B, C, D .In class A
methodology both the transmitter and collector antenna are in direct contact with the ocean water. For
class B oceanwater is contained in a protecting holder while the antennaes are put near the compartment.
In class C, both the antenna is covered with separator are set in ocean water and vertical transmissions
are broke down in class D. The antennas are typically made of thick copper sheet and FR4 glass
strengthened epoxy overlay sheet. The principle point of thiswork is to outline an antenna for class C
transmission.

4.2. Fabrication

Photolithography is the way toward exchanging geometrical shapes from a photograph vell to a surface
Antennas are imprinted on the FR4 epoxy glass overlays by photolithography. The CAD drawing of the
antenna is imprinted on an amazing margarine paper with a high determination laser printer. The copper
clad of reasonable measurement is cleaned with an appropriate compound like CH3)2CO to expel any
synthetic polluting influences. A meager layer of photograph oppose material is then connected over the
copper clad utilizing a fast spinner. A negative vell of the outlined antenna geometry is made. An oxide
evacuated single/twofold sided copper clad overlay of appropriate measurement is dunked in the negative
photoresist and dried to get ameager film of the photograph oppose on the cover. UV radiation introduction
through the negative cover is given for 2 minutes. The layer of photoresist material in the uncovered
territory solidifies and drenched in the engineer answer for unsettling. To expel the undesirable metal
segments, it is then washed in Ferric Chloride (FeClI3) solution.FeCl3 breaks down the copper parts aside
from underneath the solidified photograph oppose layer. At last, the overlay is washed in Acetone answer
for evacuate the solidified negative photograph stand up to.
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4.3. Testing and Equipment’s

The antenna under test is utilized with PV C holders. The frequencies ranges for examination are produced
utilizing oscillators [30].The receiver antenna can be indistinguishable or some reference dipole antennas.
The recipient antenna is specifically associated with a HP spectrum analyzer by means of a RG58 link and
anarrow band channel. The propagation of antennas in ocean water is tried with a tank loaded with ocean
water with conductivity of 4S5/m .The antennas (TXR and RXR) are mounted with versatile backing to give
diverse measurable separation. The trials led by Ahmed et a [30] investigated loop, dipole, twofold loop,
and collapsed dipole demonstrates distinctive attenuation in various classes.

A trial set up was made to gauge the conductivity of salt water which was proposed by ram et al in 2006
[31].For measuring (S11isthereflection coefficient communicated in dB) parameters, the protected antenna
is drenched in ocean water tank and associated with a system analyzer. The frequency at which the return
loss value least is taken as the resonant frequency of the antenna. The system analyzer is aligned before
playing out the estimations. For measuring S12 parameters an electronic circuit is associated with give
impedance matching. The particular port of the analyzer ought to be adjusted for the frequency scope of
enthusiasm utilizing the standard open, short and matched load, preceding the estimation. The S11 estimations
of the antenna in the whole frequency band can be put away on a PC.

5. CONCLUSION

Inthiswork, we areinvestigating distinctive kind of antennasthat are utilized for underwater communications.
The peak increase, return loss, directivity, radiation pattern are examined according to the prerequisite and
will have the capacity to plan an antenna for underwater wide band applications utilizing HFSS or CST MS
reenactment programming.
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