CONTACTLESS UNDERWATER COMMUNICATION DEVICE BACKGROUND [0001]This
invention relates generally to the field of underwater communication. In particular, the
invention relates to an underwater communication device. The invention also relates to a
method for underwater communication. [0002]There is a growing demand for reliable

subsurface communicaipra BqYie&E GaRARIR B AGTHRVNOMRIY NREAIEROBIReTIRE

installations located in deep water or other subsurface locations where the use of physical
data transmission cables is impractical. Known subsea communication devices include
remotely op%r&mgdﬁwgﬁ%(ROV), autonomous underwater vehicles (AUV) and manned
submersibles. There is current interest in monitoring subsurface sea conditions such as
temperature, current profiles, and seismic activity. Subsea communication devices are also

needed to nMBARXbF underwdtisr agugmiemnt irebtelingeutreby risersthad (intderwétenpipimgter
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of a wide variety of human subsea activities, and further improvements arc desired.
[0003]ComiBYikeusbel inMertigmsarpiaies sco matbedciiomdssratpsdprinieigebostic
communications systems, optical communications systems, and systems employing low

frequency ejeotpmagneticinagho fefyensmsianRaiRNSHRissiRBaNABSCERIORoRRRINIdRESE
systems has advantages and limitations. Acoustic systems are versatile and Wide%used. For

example, aSSUSRS RSO JEARdHa forgetdiaraatieungnianaalirps lsatpforsdeeea

data transmiggiarorl otebiedighvumates IQavieyewibe use abagqusiiccia Chitavas #3408 cables
interfered W.ith.gy backg ound noise, for example, noise due to wave action or boat engines.
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limits data tr@h&Ris$R0 Viesdaing AROuNIE R0 FRIBINUNILANIONT SYaiaBISsERS Kl es.
signals genigated by acoustic subsea communi(ﬁgon systems are known to suffer reflections

from the surface AhSERD Sy FEStinG SHHRTRE AP I GHR Gt SATEH MG SYR RIS BRERNe:
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complex data stream. [80&)4101ptical systems,caln é:;rovide higher data transmission rates than
to monitor underwater equipment including subsea risers and underwater piping
systems. Robust methods of undersea communication have become an essential
component of a wide variety of human subsea activities, and further improvements

are desired.

[0003] Commonly used underwater wireless communication systems include
acoustic communications systems, optical communications systems, and systems
employing low frequency electromagnetic-radio frequency signal transmission and
reception. Each of these systems has advantages and limitations. Acoustic systems
are versatile and widely used. For example, acoustic modems operating in the range
of 10-27 kilohertz can be used for subsea data transmission. In shallow water,
however, the use of acoustic techniques can be interfered with by background noise,
for example, noise due to wave action or boat engines. The slow speed of acoustic
energy propagation in water (about 1500 meters per second), limits data transmission
rates using acoustic subsea communications systems. Acoustic signals generated by
acoustic subsea communication systems are known to suffer reflections from the

surface and seabed resulting in multi-path propagation of the signal. As a result,



acoustic systems; however, optical systems are subject to signal losses due to light scattering
from particulates present in seawater. In addition, ambient light may interfere with signal
reception. Optical systems are typically limited to data transmission over distances on the
order of a few meters. [0005]Electromagnetic signals are rapidly attenuated in water due to
the partially electrically conductive nature of water. Seawater is more conductive than fresh

water and a5 el HERSIRE QYRR AL AAREFYSkiBhSB PSIANERICH SHSEREAMST ARY HFSH! biedn

fresh water. liflugdsleateamagnetic radiation may be propagated through seawater, the
relatively high conductivity of seawater tends to attenuate the electric field component of an

electromagnetic wave bei ropagated through seawater, Water has a magnetic
permeabilitﬁ?ggg’ to that %%ﬁ%% space So that rgﬁ%% ya]ﬁﬁ %eﬁeﬁigi{ |e?(§alrés§réll§agtll%lyr%tﬁ%ﬁtgg%d
by water. Howmwei; bedause hlowevtergptonitairstchin etecubjectigivesignaldiatisns dustitouhiiit
cycles betwgen, ihe Mmagnet Caﬁ!&%ﬁg%&% isld gormponents. 3.signali ”&Bﬁ%‘r’&@fh Ht may
electromagnetic radfation passing thro gﬁ water tends to be attenuated due to conduction
losses, as aifigrétion vitthestgisthnssdptivoled Pptivel sigsadrtisroughtsipecaliite tifoBE6higksta

despite the %Hgﬁ%%@ntg%ﬁnﬁ?%ﬁggg%Yletﬂ%e@%?ﬁf%%%%%ﬁthe field of underwater

communication, further improvements are nee especially in the field of contactless

underwater communication at high data transmission rates. This disclosure provides solutions

to a numberd8198hg-standieF Brovagnséisn uarrlwaie repidindiestad BrRIPRBESCRPTHON

[0007]In ongambRdiReM e RISRIOLVEAHRD SrAVINES ascamimunicatinn denirriceNIRISINg
(a) a water-tight housing; (b) a radiative element disposed outside of the housing, said.

radiative eldfEMMBREEISIAG AtRsuE: BRSUsRS BFRACT RS AR PhamGlre Ensnaghstis signal
configured ta{oga@ate.an alatdrc figkhsignal duaraRapiat #lation may be propagated

through seawater, the relatively high conductivity of seawater tends to attenuate the
electric field component of an electromagnetic wave being propagated through
seawater. Water has a magnetic permeability close to that of free space so that a
purely magnetic field is relatively unaffected by water. However, because the energy
contained in electromagnetic radiation continually cycles between the magnetic and
electric field components, a signal comprised of an electromagnetic radiation passing
through water tends to be attenuated due to conduction losses, as a function of the

distance traveled by the signal through the water.

[0006] Thus, despite the impressive technical achievements made to date in
the field of underwater communication, further improvements are needed, especially
in the field of contactless underwater communication at high data transmission rates.
This disclosure provides solutions to a number of long-standing problems in

underwater communication,
BRIEF DESCRIPTION

[0007] In one embodiment, the present invention provides a communication
device, comprising (a) a water-tight housing; (b) a radiative element disposed outside
of the housing, said radiative element comprising at least two antennae, wherein the

radiative element is configured to propagate an electric field signal through water; and
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(c) a communications section disposed within the housing, said communications section being
coupled to said radiative element, said communications section comprising at least one
transmitter, wherein the communications section is configured to transmit digitally modulated
data as an electric field signal propagated by the radiative element. [0008]In another
embodiment{hg RIGIERHIMACHONRIYIIGR SO MIRIGAHANEIRRG COmPrIIAG(Hi8ui
water-tight hESZs_ing; (1)a receptlé\)/e ele?nent gfggge# outsi %e &%@%’ogé?ﬁg%%s%?g re%?%%ﬁ%
element coripfiiifig kaileasiowmbednionsaisl wibnasivethdamenptiveiélaommusiceidisreettion
detect an eleghi/isll SIOBRLAFIDG-AIGRARA!SABERNAN. VIR ARG 0h2 SRRIMYRIAIANS e

section disposed within the housing, said communications section being coupled to sai
receptive elénBaLssHiddstiahummestidasdaleiomeammiettiicatiddstiend rerasiogtiagherethehe
communicatigngisectiap,is,configured to receive and demodulate digitally modulated data
carried by an electric field signal sensed by the receptive element. [0009]In yet another
embodimenrf hlé%fresent invention provides a communication device comprising (a) a
water-tight H80&Hg: (b) a PadidRoelentarRUIEpERed BftsidSeie HBLEMHGNsakRrOXiflstive?
element coropiigingisitieasddweeadiaipiRVag e Wine-RdiehyesalgMentis&epfiguredint
propagate an electric field signal through water, and detect an electric field signal bein
bropagated dHRLISH WRGERSA (5 & QBT TR LES SRt HeETSBb SRR ASHUIAY
said commumiratiassviggtionthe lkgepoiveleld ieseisl fasliptivedcle et saidlcamniuiCaiions
section comprising at least one trapsmitter an least one receiver, wherein the o
communcaliié SSRTBRHEL B e o REMHBERIRY et A i eiettdhifld
signal propabatestby: gheddintiverelémesisass tioncssive engdrameddldtecdigitolly sroskilated
data carried hy an electric field signal sensed by.the radiative element. [0010]In yet another
embodiment® the SYEEHH RV oA HIN I SQ L PHEIR d B éFﬂférﬁ%rr@Sﬁm‘?&ni [ the
comprising {Yrhringiiogtiony/kbiri énsigoahfigntetteisierice antirgeseammusigation devick and a
second com unicati%rbdevic% ;u? péogiggrati gane gé:tri field si&nal from the first
communicatiBA FEVIES Al GI A HEY SRt SPRSH ARG HISRIFE SbMtitinication device
from the second communication device; and (iii) receiving said electric field signal by the
second coni®@fication dévicestwheodhertherfibsdoormyurthcatioresteviceroantipnsgsavides a

water-Ught gL ARV SN S1RPOSe SHSIAE. T (NG BOUSIY. AR ANAUNG o
element comprising at least two antennae, rein the radiative elgment is con |gure8ntlo
propagate ahspisettiofisidsighahthrougingataid andiattamermicdtionssestignadidpagetvo
within the haysing. Sifl semmunisarions seetien being.sonplacio said iaglative elemept, gaid
communications section comprising at least one transmitter, wherBin the communications
section is ceigfigltbebtighramsient atiditddhgohadutitettidafimldssignel cotiiefiptdsigatat popaghted
by the radiatiye elegngi and whgrein g second cammpnication device GRTRIRERA saig
water-tight housing; a receptive element dispose outside of the housing, sai receﬁtlve
element conmprising Gt lesssaviprabEngacyplbdteisaiti eadiet ptivicnlemenai dscoonfiguieditas
detect an eé%&Hb%f@A%ﬁ%ﬁth{%gﬂ ‘%&‘E‘?E’ra&h&r& munigations, seclion disposed, within the
housing, said communications section being coupled to said receptive efemeﬁt, Said
communicaiorgeicitnrsorsphisingsattediguond teceansmivhépiiahecemiaedichtiors an
section is coniighr eﬂé@{%%&‘é? ??8&) mopuigte gloitaly, medyricd faig safred by an gleptic
field signal sensed by the receptive eféement.

demodulate digitally modulated data carried by an electric field signal sensed by the

radiative element.

[0010] In yet another embodiment, the present invention provides a method of
underwater communication, comprising (i) bringing to within a signal contact
distance a first communication device and a second communication device; (ii)

propagating an electric field signal from the first communication device through a
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DRAWINGS [0011]These and other features, aspects, and advantages of the present
invention will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts
throughout the drawings, wherein: [0012]FIG. | illustrates a communication device in
accordance with one or more embodiments of the present invention; [0013]FIG. 2 illustrates a

communicatBi¥eice TAte cOTRAAEESyithonE S oISt e IV isethEPrestist istetiton;
[0014]FIG. Tisitmieste@RT¥NiGRLION device iRipaeordangasyitRegioriaare gmabediments

of the present invention; [0015]FIG. 4 illustrates a predicted electric field based on Maxwell's

electric second communication device; wherein the first communication device comprises a
water-tight housing; a radiative element disposed outside of the housing, said
radiative element comprising at least two antennae, wherein the radiative element is
configured to propagate an electric field signal through water; and a communications
section disposed within the housing, said communications section being coupled to
said radiative element, said communications section comprising at least one
transmitter, wherein the communications section is configured to transmit digitally
modulated data as an electric field signal propagated by the radiative element; and
wherein the second communication device comprises a water-tight housing; a
receptive element disposed outside of the housing, said receptive element comprising
at least two antennae, wherein the receptive element is configured to detect an electric
field signal through water; a communications section disposed within the housing,
said communications section being coupled to said receptive element, said
communications section comprising at least one receiver, wherein the

communications section is configured to receive and demodulate digitally modulated

data carried by an electric field signal sensed by the receptive element.

DRAWINGS

[0011] These and other features, aspects, and advantages of the present
invention will become better understood when the following detailed description is
read with reference to the accompanying drawings in which like characters represent

like parts throughout the drawings, wherein:

[0012] FIG. 1 illustrates a communication device in accordance with one or

more embodiments of the present invention;

[0013] FIG. 2 illustrates a communication device in accordance with one or

more embodiments of the present invention;

[0014] FIG. 3 illustrates a communication device in accordance with one or

more embodiments of the present invention;
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current wave equation in accordance with certain embodiments of the present invention; and
[0016]FIG. 5 illustrates an amplitude versus frequency spectrum illustrating the successful
transmission and reception of an electric field signal in accordance with one or more
embodiments of the present invention. DETAILED DESCRIPTION [0017]The present

invention pr(ﬁ(\ﬁﬂgi deviceix}@e{%h}fﬁé} %sfﬂgg}&ﬂa%g eg%@ﬁg‘&%o@a@& SHGARURRPLAALRRY

means of an electric field signal. evices provide the present invention are
particularly walreiited for egeaimuntergvaced@egirorithenestaindembiedimmattn cods thh apeesiirgct
physical coq;ggnlgg{yygg@ a transmitting device and a receiving device is not practical. In one
embodiment, the present invention provides a communication device which is a transmitting
device. In an alternate embadiment, the present invention provides a communication device

which is a rd88\ihg devickGh yet 4HEHs: Bhsuelitidrty S AESHRIEY SRECHUB AHELNE

communicatign sirviserihiethsandictng Rkpasa dransrIttng dRiiceians aeeebifthnce
device. A communication device capable of functioning both as a transmitting device and a

receiving deWite &Y PRI SLRiMenE Ry P ARV AR eiving device. [0018]As noted,

in one embodiment, the present invention provides a communication device which is a
transmittingldeVis&l ddmPESOR B WA -tight housing and a radiative element disposed outside
of the housing. The radiative element comprises at least two antennae, a portion of each of

which is dispgsed within thewaterstioht bansing 23d;a-R0mionof erch,Piihish isdisrgsed
outside of the water-tight housing. The radiative element is configured to propagate an electric

field signal fBeRgissiRtandrigientoupd datnbronemmmidabplsguctitpldisigosbd Wiehds tinss
water-tight housing WE%H%OB?Q@&W'Q'f}UQﬂ?]oﬁe&%oﬁa?Hmﬂﬂﬁﬁ%v@H'E&ﬁé@@&%@%ﬁ"ﬁ%‘?&&%@ﬂ

comprise other components as well, such as a power source, for example a battery. The
communicafiBEcssaeiin isiederiigtirednstannss miviiigitalresbdnhatseadlareaiedn besveinfield

signal prQDQ%%@MQ&W@é%@ael%@%‘?v%é%%é“i?m%%ﬁ% INySEhefiBodiment, the
communication de\/lce can function as a
present invention provides a communication device which is a transmitting device. In

an alternate embodiment, the present invention provides a communication device
which is a receiving device. In yet another embodiment, the present invention
provides a communication device which can function both as a transmitting device
and a receiving device. A communication device capable of functioning both as a
transmitting device and a receiving device may at times herein be referred to as a

transceiving device.

[0018] As noted, in one embodiment, the present invention provides a
communication device which is a transmitting device comprising a water-tight
housing and a radiative element disposed outside of the housing. The radiative
element comprises at least two antennae, a portion of each of which is disposed within
the water-tight housing and a portion of each of which is disposed outside of the
water-tight housing. The radiative element is configured to propagate an electric field
signal through water and is coupled to a communications section disposed within the
water-tight housing. The communications section comprises at least one transmitter

but may comprise other components as well, such as a power source, for example a



transmitting device, the communications section is configured for digital modulation of data. A
wide variety of digital modulation techniques are known and may be used in accordance with
one or more aspects of the present invention. Suitable modulation techniques include direct
sequence spread spectrum (DSSS) digital modulation, orthogonal frequency division

modulation (OFDM) digital modulation, frequency hopping spread spectrum (MSS) digital
modulation, B%ﬁ?’atu?g%ﬁﬁ%”éﬁ’ﬁ%%}’%d?@@dbﬁ%ﬁl%‘ﬂ%ﬂaﬁbﬁaaﬂﬁﬂrﬁﬁl’ Ihmindidated

(QAM) digitadmogiiativestiinacydriiass phifidsaieBiySke digiiahmeidiiation, and combinations

thereof, for example a combination of the DSSS and OFDM digital modulation techniques.
Digital mOdEﬂQ&P% of data ﬁlaé‘nfbp%gﬁ%%%%% oLy Sl'o';‘lgtﬁevx%rvn‘%}l%m{‘c eé‘r‘?haet%%ef%r‘? ampie using
any of a number of commercially avanablé wavetorny Generators Known to- thiose of ordidary
skill in the arttajGoH0]ELhtavoombenemsohicadmmsimnidcationseettioredfa digitaiunizhtiation
device configyrgg,to 2t as RRSTIHNG devicr may indlide digital 1o analod ponverters
(DAC), filters, power drivers, associated connec ors, andcpo er-sources. In one embodiment,
a communicatiagrelehiaes prohided dynecprgsety divbaporsaumprisesa Huiteblsourckibatiary,
a waveform generafor, a gL s digital to analog.converter, ﬁé@%gth'n filter a .
power driver cou;l) egsrto%g% s%%:%%h%gtét%een%ﬁg thfeoutpsl?tegr the \?/ave rn(wi ! et%errg%$lﬂsa%lon’
provided as dnifhoetmnahdigigitaicto dhasooncordelaiod OGIpM) oflighidhiiw gubtess el doypehey
smoothing fi ppnEGted to %&&%ergﬂ' h wer.driver is coupled to radjativ
element whiliétﬁlgils)q C n%gured Po pro‘paéate\égz élé%%g Ii‘tllgld g%ﬁgl tﬂ‘r?gé%gﬁg\f\%atég%ﬁ ghleﬁ %ey
embodimentQRElebdigitmivutbvaiioactimadiontigunad!itidet @\ ahginittingddéation, binary
comprises g, sinalPrOges TSRS e IR GISH Rk NG
[0021]In va?'?ous embodigriznts, tr?eraeg’ectﬁg 1“|E1‘e?{(?q s?gﬁa?rll‘s éac%%%\z{a%{gggfgg%%#glg)sggﬁ% l)?t e

power driveremdittiéietefintie oPHRSreatidtit Bi¥mdrgitahdmvalplisteorpreividigially Digital
modulated %&ulgt%eo?mg%ﬂﬂ%@c&?ﬁeﬁ'%%V'&sfg‘gda%lg%fgm‘?g&f&%&%ﬂ%? 83 BiRARGIEY

in a range from about 1 kilohertz to about 100 megahertz and an’intensity in a range from
about | micrényoif fenwiter ¢ apomcrosphsplabinatenafomn atemreesdmpoditeethotheof
electric field0§gggélykmlpigwcy in a range of from about 1.1 kilohertz to about 10
megahertz. In yet another embodiment, the electric field signal has a frequency in a range of

from about 1.5 kilohertz to about 5 megahertz. [0022]As noted, in one embodiment, the
electric field F&&D4n intenSMP§h SYRAGRSBISHBhT AEMIRfRHO VO RESEP et (YBBRIRIZTIPYOlts

per meter. Al agyaiiageuassasialed With warkingdadhisintensity rangeds thatdl resuiraso
relatively low transmitter power and yet be effective over short signal contact distances (The

term signal CONSEEHRNES i 1HE W RP WRIHY §Fov ARGt SOBNAEATS; ARYSROSTEr8MEFGSsKill

in the art withappeeeiatd diakhighecoawen(taam figldistengthlicnaypenepiga asihegignal
contact distance increases. In one embodiment, the electric field signal has an intensity of

from about $OHERE BIBPE ietEFtPABBE 1D VaNETPER reetsraton 23 higkatrRes dhdigisl iR
field signal gediepategeytthenGABBIHMIEAIRR%Snd a power driver coupled together such that the

digital output of the waveform generator is provided as input to the digital to analog
converter the output of which is processed by the smoothing filter connected to a
power driver. The power driver is coupled to the radiative element which is
configured to propagate an electric field signal through water. In one embodiment,
the communications section configured to act as a transmitting device comprises a

signal processing element, a filter element, a converter, and a power driver.

[0021] In various embodiments, the electric field signal is a variable electric
field set up by the power driver and the antennae of the radiative element and may

incorporate digitally modulated data. In one embodiment, the electric field signal is
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section and propagated by the radiative element is purely electrical in its genesis, it is rapidly
attenuated in a conductive medium such as salt water. As such, in various embodiments of
the present invention, the contactless transmission of data from a transmitting device to a
receiving device is carried out at relatively close range, typically in a range from a few
millimeters t@}é&%‘ﬁéﬁ%@&‘*ﬁ?-é@r@%&? ﬁ{%bx%ﬁ'éeﬂ.‘ﬁ Uttt 186, FONKIGHESS. HRARSSISRBML AR,
from a transmitting device’to a receiving device is carried out at a signal contact distance. As
used herein 4@ tarintesidhaicontagedisianeboye praseinty e idistameteatavidiohtal 8tscdarpang
electri field,igpal mak bedrARSRIiEs o AnRing. device, AK ARYREEY A [PeRiYng

device while maintaining a useful level of signal to noise. In oné embodiment the signa

contact distHdéam |abahhd M@hﬁ@@?@.aﬁpaﬁé%éﬁéﬁhﬁ&@in@nﬁ%@@t@%?@&?ﬁﬁ@@@@téﬁ%e
is less than dQmeterad gighplisinpirghRRedimantibe saRahoaiac danes s isshies |
meter. In yet another embodiment, the signal contact distance is less than 0.5 meters.
[0024]The ré‘éﬁﬁ?@ﬁﬁ@nt during operation of relatively close proximity between a transmitting
device of the present invention and a receiving device of the present invention is offset by the
relatively highoztgs of datadrasemissiononhitvaayhe mehitssedorhan sampaiaiRity in a
conventional underg\/?ﬁter communications techniques. In one embodémeé]zt;, the present
invention priti§&s®A MEh P SftuhdieroComthdRfiekich Adreih’the titaFarBfiision fate
between a tednamiigingsdesiieofiiie weekript inBRtQRAsd adeceivitight avieguakihr pIRaeNt
invention is lat least 100 kilobits Fper%eco d. In.an.alternate embodiment, the g%ta
transmission T atS FESMATE R FFRABELPT FHASHHE BN5H BEr LeRBnEPIIAh SRS HriddWbits
(Mbps) per seaonih{f02ojasindiashdbdetbdiredield signalis wyatakie sdatii ficlthand snay
incorporate data in various components of the electric field, such as the, electric field
feauoncy. SO RALE P IEPETEEE AT FUOR T DR I B BT
art will appregjateedhesinheosignildistitaiion saave ipefvases) chimonenipabiatirdevicescagidcetric
methods of present invention which rely upon an electric field signal and convention
contactiess L ASTRBTLP b AT GRS o, LERLATEL h RSy SISFE MR ERAI Oy SOLR as
radio wavedOmd26As noted, in one embodiment the present invention provides a
communication device which is a receiving device comprising a water-tight housing and a
receptive el t dispos ide of ing. Fhe recepti lement compri least
two antennge, a !Jortion o] ecagg%o %&h%%glgl}g ii%égesdgvﬁgigg; eer%veé?e%f-xtigﬁ% h%)t?gﬁggzl:én%}%gg
portion of eaetiiohwhichrigaistroskyl thatsidaof ¢tromatdriigmikbusiogriThcndtepinvesis)atrient
is configure ric fi ignal through er.angd.i pled. t . .

com munica"gdég g@fﬁ%ﬁ%%g g{s lél dé\%ﬁw%%ﬂ% r\gv%%iﬁlg ﬁ\{ty%{o é 3 r%g t %ﬁge lg'o rﬁg ns1 l? H%:hét ions section
comprises a&nbadineriyadeive mvesentaintontionsdhotitentothyse rtemtsnais sivel| o uttaa s enpawer
source, for b , or . a le.Ino odin
oo L e e S e A sy s
carried by émmﬂwimfiet@rggrf@m@m_mjdlﬁh@et@eept?/éewm, @O@ldnwribu@ir_nents,
embodimentz, thecaraL ﬁ@&ﬁﬂ%@? ﬁ%%"&’a’%aofré‘rﬁecﬁ%”l%ﬂ“r?@c 9%'@‘85'2%&%%{%%@? e is
coupled to the receptive element, t%e antennae ofawhlc arc oneﬁgured to sense an electric
field signal st ppopad stedgimbughtavatdistTime corwmustid shioni sthetitrnmyipeat awfiganrted
such that t t lifier. is dir filter, ip whichiis.dirgcted to an
anelog 1o A eont e e pLidnay o MR L S el B AR B
output of wﬁ@ﬁl@@@édi@@lt@ dudasmdenpdistationiaddrdetyslorage ueitiTingsdirvisnewhile
em*?Od'me’i‘ﬁéﬂﬁa‘?ﬁﬁ%‘aQtdQé/ﬁfPtiQ&‘ePB‘?Vé?C%SaﬁtSOA‘SIP&_r“ﬁlaHRQ 91%“6'§§n¥¥&#%*%h'§ ?ﬁéﬁ&ﬂi‘éﬂ%ct
device comprising a communications section comprising an amplifier, a Tilter, arr analog to
digital convdifienca wasssftrn iH8 iaterboindynatit nssbodiiadtothed . castadt distance is

appreciateq.Qy figs¢Pf,rdigary, skl éﬁ‘téh%%”@%&hﬁ%@&@ whicgtians &%%QQJ‘@?&E}BQ’}? TRare
well known articles of commerce. In one embodiment, the comniunications section of a
receiving déwied pretddednbyetrinplasesmhmdinteon s ssgayhaomiaetdipant éroneab tunl@Q 5
nano-volts per meter to about 10 volts per meter.



[0028]As noted, in one embodiment the communication device is a transceiving device
having a first communications section comprising a transmitter coupled to a radiative element
and second communications section comprising a receiver coupled to a receptive element.
Thus, in one embodiment the present invention provides a communication device comprising
a water-tight housing; a radiative clement comprising at least two antennae, wherein the

radiative eleMdntls confighiftsd TEBRE e bt QRETALI sighAIMHHYGSh WoRs: BrRpamity

communicatignscactiordisposes ddthie tramopaingtSaidsesmnyaicationsispcioneiidhe
coupled to said radiative elemer:ﬁ; sa’lghcommunications section comprising at least one
transmitter, RIFSFEINIREUSMH Mo DS detih s ddishgaretab i rmiaigHam st maxd
data as an etecidkiéiedd siaalpropagatedcby ibgtiadiotiveépirine tbrareeapiig € leshetues.
disposed ou}side of the hous.inr?g said receptive element comprising at least tw antﬁnnae,
wherein the Fec8BtvEBRIGENHTs HisHdUrst o BRI BIgMAESHdld LR beind BIsPXHSted
through waterirmmad:dsecandlzcesimiiei cationsuseativivdispotedwethia therhausing dseide of
communicat{gns section bein% coualed to said raciptive cth]ement, said communicatl'r%)ns
section comprisig St L PH 0% 6 NI A THE C BN RTERERIND Leltidh 1% olshgutdq o

receive and kigvhad etesetigitdllyInraodiitetes databodinec b yirndalactria dielskgignatsensed by
the receptive element. In one emhodiment the transceiving deyice prises a sjngle set of
antennae Wi OO S5 L LG S el SO AR Pat o U kB G BB

example, FI&c8rdderein). In one embodiment, the first and second communications sections
are combined within a single communications section which functions as a transceiver. In
such an emigghient, the gommunieationa sRCHAM IS GaRfiauresie digitaliymagulate digh
data, and to?ggj%ng(])dulate digitally .n’wodulated data.nfoé 9]|As noted% 1%0 ra(ﬁ{a@ve elemggnt and
receptive el&pferostithdatomnvariviierndwrieels pidlicleltyieHechsteset avibatidectiie field
configured plaRRGAE AREISFIE fRlcksianplfurana v afetin e are Of RS 3FiBHFary
element, or to detect an electric field signal being propagated through water in the case pr the
receptive el&kilbin thperépdirpppeeiairy e imagriansdistins bengttpyay hesudeoreomatadiativn
element of (e IRAMIRAIRRN 67 iR R-LErEANERIBMIRLP P SEPMNARICRHY g
intervening mass of water separating the two devices. In various embodiments, the water
though whicHthecenswmiconald spHattisssropedpiteel tracamaveiegionsndcksivity iapinydes
from about 3 RIGRRATREE THRISY IRRAMY ARIaMEAS per meter. [0030]Both the radiative
element and the receptive clemént comprise at least two antennae comprising an electrically
conducting material or a semi-conducting material. In one embodiment, the present invention

provides a ddftflinication 8elRietoipRa R PAdISIRAE didinERtEHn PSR 185QYIHGS 2

antennae CQBHRRIAARIPEIRIAIhISAAS aSkiehi CIHIMS AR (Rt piRi Rt e LIePe MbissiRId
to comprise an electrically conducting material g),r sigﬁ%ﬁa "conductinﬁ&materialj'), copper. In

one embod g, IHEFpHYEeFemERhow i iansids nhosE dedite EsiTRIRGngjement

receptive elesagiseomPIRingableaRiIiMKR aNEHIHAR CPTBRISIHUWRRRACK MRs&Ndeihy¢he
circumstances, the receptive element is said to comprise an electrically conducting material

(or simply aVBSHAREMY KR AR ASplRR. tbead wdtish, in anetrd avisstivkits, Ak
communicatight dRvisaProvides pthe RIesent IIVQMNFERYCaBRHSH AN RNAE QaRiIsINg
a conducting material, a semj-conducting material, or a combination thereof In one
embodimer{%fﬂgggn‘f‘é@ﬁﬁra%nd 1s coupled t0 a communications section disposed within the water-
tight housing. The communications section comprises at least one receiver but may
comprise other components as well, such as a power source, for example a battery, or
a data storage module. In one embodiment the communications section is configured
to receive and demodulate digitally modulated data carried by an electric field signal

sensed by the receptive element.



comprise a conducting material selected from the group consisting of copper, silver, gold,
aluminum, and bronze. In one embodiment, the present invention provides a communication
device comprising bronze antennae. In an alternate embodiment, the present invention
provides a communication device comprising copper antennae. [0032]Referring to FIG. I, the
figure "'“S”af%.‘"%‘fomm“ﬂﬁc@HHHu‘!eé’ﬁ‘fﬁoﬁﬂﬁcﬁfs‘io{ﬁjé”&%&&5}&&&?&9&r@?&{&f Hedneenion,
and an exploded view of the same device which Is configured as a transmitter configured t
transmit digitsIKian eeltiRiices dataras!disieteuniediiol thsigrrsbpinspd gamed. hepnieliage e levdnwnt.
The device 100 samplisee @ WAl HObbAKSIAG A OB Ancba R dRNR AEmeR 0w dRerhe
embodiment shown, the radiative element 110 comprises two antennae 115 and 120 a portion
of each of wHERIRE N 599t8THiReE et wowisivscds sHehwihes rthig Ittt sPAghT enpbiftients of
the antennagidisRasehaHiskimeb ke BT RO ePh s GS Onadilar RRIRRA

e

indirect contact with water. Each antenna 115 and 120 extends into the interior of the housing

and is coupledtRyadomHelinie disrdeseiianvips Wit Anis daetidosd, dba epghifterhigh. is
Transmitter d30.6QMBrisas A WANIGHN ALARI ARG Shraubiahifunciens i Higiahy madHiale

the data to be transmitted. As noted, a wide variety of digital modulation techniques are
known to thdSESERIoFBNFANPBKINAY IS ot oppaemsfigandexies 1OEGh dsupIBFARIBS HHBEESH
137 to a digitahipranalog &Qﬁﬁﬁﬁ{%a@iﬂgs%@&ﬁmé&ﬂbf%ﬁ%“ﬁ‘x?%‘i%?ﬂﬁ&,fﬂt?ﬂt%ﬂ%ﬁ%éd%)‘%er

driver 150 which is conéi’,%ured to propagate an electric field signal through water. Various
connectors $85tatSRMSHA 1S (B oD iaisHRF < AT e d ASSor &ed OB ESIALS-arfs Bk be

connectors. {pavereaytie aifplied dneserapmunigation gevicRfravnanaiciasrd RaleH
(not shown in figure) or another source of e ectricalé)ower such as an umbilical (not shown in

figure). [003%]RBRATIHY HFEI8eD, O Tgu skt AbCareBiisfunicltictNgesTeBos B e e ofafing

to an embodisagntAicIR RGN N8l RBHWRIOHeH MaWRidBE BRME PRYIGR IHRIMBHTIaHoN
device 200 is a receiving device configured to detect and store digitally modulated data which
has been tr&AWSATRHEGPRESA deptibe d%m—w&wggl@a@ﬁFw&ﬁ%g{éﬁfﬁ@f’dém’&%rzoo
comprises a water-tight housing 105 and a receptive element 112. In the embodiment shown
in FIG. 2, thp628¢ptive eldmendidd? dcomprésesitvalianéannde 1dmandnl@ianpattioivcofieaah
of which (ljtZach%ilszé |(§ disppsed out 'd% of the water-tight ho.using. The portions of tr%%a
antennae disposad outsiGe 8 REUERS 108 ELP ANE T 259 5 SGHSIY ORI & URTapter
indirect contacipleith twateradatve agitanaa khd asdohdOcexignds dationbesastesinrcohipeshaising
and is coupled to a com ications section 125 which.is configured as a receivey 155.
Roconer 125 S0 QDR drnEs TR oo tia LB BhorDs RSO Toa s
digital convémentidd, praviferm ioteniacaibaion Hébiaand oaieridizigoslulatier-aintiStaragagynit
180. Powerrgn(ﬁ\ Ul%% %Pe[’?g”netd to the comrprnictation detvice 200 from a on-&()l%ard bgtter (not
shown in figure%/or ansther soures 3rei&cthids %?N%I} %ﬁ%?‘nea?’l&?{?}% iCHICABY SITCRARETH 15
figure). In openéimbeditogmbpiatecm reletidatiivl deigiesd 200uglconfigyretito tonotoniastians
waveform sampler able of. sampling data at 40 megaheriz. [0034]Referring to FIG, 3, the
foure st R SRR CAGR TS 8 USSR ST, BF e SRURSE R
and an expkadédraibatioé thdesaune devicecdnommicaicationeeidae SRQpsisapfiguréehss ane
transceivinqrdgs\ﬂ%% e(:ronf' ured hoth to transmijt (%]i(?itallri/. modulat%j dat ?s tan electr(iifdﬁeﬁl
signal throug Water and o detett SAPMIREHEHR S?legc Q%éﬁncé) B &b‘é%% &d fﬁ?gﬁl&h tary
Communicatioduttevic e 80acampsisesia Wealérsighil naopmeiitdSancha padiaiventéamens; 145

and 120 whrichefgftr\llgtie n bé)xg'n(fns a raddiativ.% eli%%n 110 and adrecg% ive element 112. . .
Communication devies 300 Sompise S CeSATMH- Ao RS EETBN 128 WHiRh §8TgPrisIng
transmitter 4i30astrd @ aecont cotmsruinitrticospsreticdon i whichfigiad@ cevaediSm electric
Transmitter is essentially the sa s shown in FIG. 1. Receiver 155 is essentially the
o S ST T D DR R b TR € S BV R 360 5140
times hereidispfeaddivhas shtraineegngngaie vioentaniphisess asswitahibeimpodole 18 0twisiid is
configured to copnect alterrgate%communica ions sections 125/130 an%l}25/155 to

S CRaR 1 20712 RSB RRnS i TR B i Skt uch

Y recen
radiative/receptive elemen
wherein the communications section is configured to receive and demodulate digitally

9



embodiments provided by the present invention, the antennae which comprise the radiative
element and/or the receptive element may be configured such that the lengths of the portion
of antenna disposed outside of the water-tight housing may be varied as required. In one
embodiment, the length of the antennae projecting outside of the water-tight housing may be
adjusted to match the antenna impedance to the transmitter impedance based on the

conductivity SIQTRIEEkdrGHIE By ansleriihEsid mend senseldntdbm ety sademens In

element or ageeepibwipiRmendisprsed autacaQf tmpaies-tia heusingmav.hgaconfiguyed
such that a fitst antenna portion isﬁl?;rallel to a second antenna portion, such that a first

antenna portiSACHRIRREE &3R5 ottt Cetlshir SN D BFEE6r SR A S Firlll ARl

portion conveiges e, alsesenehi@nta o suUsh prbinsomaubr afegurtiangthrer

such portions may be of. unequal length. In certajn embodiments, the bias of the antennae
(parallel, divg?ﬂ?ﬁgﬂego g" i%gﬁlﬁé?/ %‘E%H%’&%Wﬂ?ﬁ&%fﬁ%tmﬁh %‘?B%‘i’%%ﬂi%fiﬂf@h‘éﬁr'

transmissionianshehcaptiombiis@hithaHrousinghtmyatiedorsaedoal anyesuiiabtednatedial (aly
combinations of materials).that is water.impermeahle. and non-conducting, for example glass.
In various er%)g&légﬁlfé%@gﬁ?a@?gﬁou%%‘&%‘%%%ﬁg?ﬂé'd&?l%}l}gtﬁ%f??)@ion resistant. In one
embodiment, the housing is made of a transparent polymeric material such as commercially
available pol§dftonate. IAanmaitednatiece ridddinvert|dnerttoasihgriseptise oflament of the

-t | ' ' f 1gdl llabl lyvinyl
Chlorice (v I R T AT g™

chloride (PVC). In one embodime ou
piping. 100371 peghittial & mipadithentgbheatee se thémasatidritprosdies e domentnicdtiatetect

system comprisi I ' Vi t esent | tiQn; a fi .
(ranemiting) o L D e Wit

configured télgﬂtﬂ@égaféeaﬁ@éfé@riﬁeﬁél_dignﬁi)ughymkwtéﬁiéﬁd bespoangtetdiving)devidetive
comprising 3 ecentiye glemant comprisingateast @f/&ogﬁﬁ%na&%&ﬁ”&ggﬁs%t@eﬂﬁ%%&&%e
8 ment, the

electric field signal being propagatedthrough water. [0 In one embodi resent
invention préVidlégha AbriHeuyiesmpimassterh soiepristnardiegothmoredralesissivingldevirems
comprising (&) GoliieriI QRN ARLR FadiatiNe %Femﬁ@tﬁé%@%fgﬂpgg%eg%m Hgusing.
said radiative element comprising at least two antennae, wherein tfie radiative element is
configured A¥EFASEtYBUstOpRgHIE ekt fiblelsid fastheou gl iegtsr amdkiatedt Siandastric

per meter.

[0030] Both the radiative element and the receptive element comprise at least
two antennae comprising an electrically conducting material or a semi-conducting
material. In one embodiment, the present invention provides a communication device
comprising a radiative element comprising at least two antennae comprising copper
metal. Under such circumstances, the radiative element is said to comprise an
electrically conducting material (or simply a “conducting material”), copper. In one
embodiment, the present invention provides a communication device comprising a
receptive element comprising at least two antennae comprising copper metal. Under
such circumstances, the receptive element is said to comprise an electrically

conducting material (or simply a “conducting material”), copper.

[0031] As noted, in various embodiments, the communication device provided
by the present invention may comprise antennae comprising a conducting material, a

semi-conducting material, or a combination thereof. In one embodiment the antennae

10



field signal being propagated through water; and (c) a communications section disposed
within the housing, said communications section being coupled to said radiative element, said
communications section comprising at least one transmitter and at least one receiver, wherein
the communications section is configured to transmit digitally modulated data as an electric

field signal p e iative ele d to receive and demodulate digital
modulated dggg%%%e%%@@r? tﬁgc?}{l%{%gg gsglgggﬁ%ggﬁséﬁ tﬁ‘e‘ rac(élgastﬁén%léﬁg?%ﬁ(gbé}g‘ﬁeﬁ ’
one embodig@dt, ahenantaasid diveviceSrarmciopbsdihans distanesof lngenthem pilovides00

meters from & oiheri R AR RUCIORS STAAIMANk. 06 AL AP LI deyIges ATs lsagssta

a distance of less than about 10 meters from each other. In yet another embodiment, the at
least two deDi€6enarB\EiiIs BEP Hidg cstaneevofadenidani eheompriniar efraer eatdnether. In
yet still another embodiment, the at least two devices are separated by a distance in a range

from about QB meter to Fgetiihgneterd0PAginpAcambadient JhencRABENSRAICRIRR 100

system provided by the present invention may he employed for short-range.communication

between a r8RBIER IR At EVRMERIROVI N4 HRB Ik &t S3BMIed iicatyodae same

exchange betvagnancirdesnaier-asaehanthaniiés Yonilbhe:gayieshomiddigitinipntriohiegs
than 100 meters. In one embogiergfnt, the communication system provided b#ﬁtge present

invention m&'BeEAThIOTEH foF Gk ienakriangeasar i Hasiuies Eiea fns higssiyigs 100
example thectiapsRus i et didia Beirghgathered in reRhfivee: RRcHANEMitedha R diskalt
signal contact dista ceé .%..af% miIIirg ters). [0041]In still yet another embodiment, a
method of cé?ﬂ?%’nﬁ}gﬂ %1 R fuy RS i?o?f?&‘@ﬁ.‘sﬁﬁé‘?‘ﬁeﬁ %Hﬁs@%db}ﬁ"%ﬁ]é’?gmrﬂﬁ a
signal contagettlistancki¢hfist Tomnurigatodigeuice ausid secand warmnighicatiasiseviganand
propagating an electric field signal from the first. communicatiq vice thra a mass of
water separRiy’ ﬂ?eo#ic?gf @&ﬁ’?ﬁmﬁ igétgtf’é’ﬁe e%%%?oﬂﬁ&sé’é%dﬁad Zbﬁrﬂﬂ‘iié%&ﬂﬁé%ﬁ}g‘%e
second cominuhicatiandieviadireceivasatiavelecititficldasiganlediiefirshaampiugeatininto
device comrt)ﬁises a.wat%r-ﬁi%gat housin?ggnd au@digative element disposed outsiq PO“ e. .
housing. The'taRiSHIE R1RTeR? EBRSHHEEL SO WIS RN STPERWHSALSRAGEFES R0 g oPaYdtdsan
electric fieldcsigfipl it cisgh weadanard a3C0MManisations 3ecianpaisposadanitominehausing.
The commupjcatipns section of the first communication device is coupled. to the radjative
element (ind S CERRBAS RS G LS CORCCLEE R 8 e coR B e de
comprises atageast aiidiahamitesden tiglhradues Wanisnoibdigitedbsensbiditesydeattlas & art.
electric field\)§i n?l rcl)#a%atedéyg/ the radi%tive.element. qu econg communication device
comprises a Water T ERSEAIRG HhiF SR8 EoBRfSHTY jotgead i SR REHOINIAET
The receptivd(elehiehtiaf the secontheamimvnicalion dggictaompoiaes diikast Syovaignnae
configured to dfetect n electric field signal bei ropa a&;:\d through waﬁr. The second
communicafioh gevi et%é?ﬁoﬁ’r?gggeaaeo%%ﬁﬁiég%gﬁé%@%t} Y S‘gé?fwit fIOHE BN S he
communicatidhasekiiowis wotiplesl td iheliiecppivd elemhenifihfoariennple) SMA and BNC
communications section, of the secgnd cogi% unicgtion device comprises af. least one éece'ver

and is configUrag 18 e BN AL AR Y TR SHOPAE Qi tAfy AU AR QL £ Wik 9By ARrOBrReH:
field signal beagd (ythaoadiaiiveiglan)eot. RMAlinsonsenfodieerbithRpresentlinyention

may be used to.mon %%Jortts}]l%wn in figure).

[0033] Referring to FIG. 2, the figure illustrates a communication device 200
according to an embodiment of the invention and an exploded view of the same
device. Communication device 200 is a receiving device configured to detect and
store digitally modulated data which has been transmitted as an electric field signal
propagated through water. The device 200 comprises a water-tight housing 105 and a
receptive element 112. In the embodiment shown in FIG. 2, the receptive element
112 comprises two antennae 115 and 120 a portion of each of which (117 and 122) is
11



integrity of flange joints in a subsea riser. Thus, a sensor is disposed proximate to a gap
between adjacent flanges on a subsea riser and monitors the gap between the riser sections
for any change relative to a reference specification. Data from the sensor is provided to a first
communication device provided by the present invention. The first communication device
transmits digitally modulated data as an electric field signal to a second communication device

of the presetiRO&LiSH D R H s WHEFVEHIh GoHsise of Wstepignsrafintbeuiatereradliiaserh

one embodirperidther st sapnsnicatian devicr.digitaly p dutalas dhandriisiddata. donait
alternate embodiment, the sensor itself digitallé modulates the sensor data. In yet another,

embodiment™ i WaliEoiach fFansdlintg el A exishin iR din irsint &f thoReusine saffrent,

the first compaupieation Adeyismimaliache dibaosuhssaviseh ak aclagatigpdsushithatdhedeyize
is configured_to sense a signal between sepsors_disposed within a gap bet ,?n_ a%acent
flanges on tHEFFREFT The FRAPBB AT AR ERU Bl b SRABIES HH g%?&?fﬁ%ﬁ@ﬁ, R E IR

modulates thasepsordignalcanadiransmitsvihe digitaliemedwated sithahdsian etectdaltield
signal to a second communicatio device&r%iggp%% the present invention. |n one

embodimentieF R dAtkation He 140 e fORRUGRER 5SS MM an
alternate embpdinteatdtheteemmonitatianiof iparsposansigaakdiooe afleRstivad pdihe such
sensors to the first communication device is wireless. [0043]In yet another embodiment, the
oresont invel i T8 BN B ARAIEAF Grlor e BRI S S AHCLRBAURE fEkion
device of thedtvantmifipuoedmattihotibe mndaraeaipipeinapiceapgbircdftcasgyine alaeactt ore

characteristics of the pipeline, for example internal temperature, external temperature, internal
R peline. The f cation devi

pressure, an Id"fl6Ww rate through the pipeline. The first communication device senses a

signal correlating with one or more of such characteristics and converts the signal into digitally

modulated o[é)@ﬁédh_ich is pﬁgﬁagawwiﬁi_@tlﬁe é_m‘&gm&ﬁ@s@aﬁmeemsm_m@eﬁmdw@js@m
A second Coa{UéB}H}}Fgat&?”aQe&&?@o?{ﬁ%ﬁt'%‘fe{ﬂ}éowgﬁt%? ea_ﬁ”e%é?éﬁe‘& AT

suitable signal contact distance o first communication device. The second communication
detects, derdotligratdsoartwtisadim théesieethiOfieldosif autadaassniianscbiy the divgice configured

communicatipREMEE- IR IR LSRRGS anRicalme ARSI dEd e eI ES

include subsurface monitorin a pipelines and undersea risers used inoil production,

the present tﬁv@fﬁ@n%ﬂeﬁéies’éddosiﬁoﬂitbﬁiagwmmgmﬁbéalabgwﬁthléhiﬁ@wb%@n
cables and %9&%%69'%%@'59@&%@5%% OLO? AR EREUMERL A ROMIANG 120

preliminary investigation was carried out | model electric field signal attenuation in

water as a fMﬁ\iﬁ]@pf@mﬁéf_SiQﬁﬁl fréqaerndljasing thisrastancd b@m/e@rr@slmﬁﬁs_ﬁnif_tl@?@dbvlé&_
and a corresRoRAing (ECGVINGIEWEE oG ke e FENE IRt RAIRUINRY LasiHciBsId, aftgnyagion

for a model system comprising an electric field signal transmitting device and electric field
signal receiVingstatizelipRmerd edseronstaompicetions wethnaxivel slomdcisi@ daereivkie

equation. The.YeaiisA1peRiessiaihe calculaied magnituste ol fgselectrig ek attggyation

in response to changing electric field signal frequency (X-axis 412). The distance between the
communicatidiefedtiveshwasaariedstosbbain the HRailyof frdquéhey busisied ubedistain:

curve 414 (AR MREESbEUNEA KD 60 A6 I8 e SHEE A b red to as a transceiving device,

comprises a switching module 190 which is configured to connect alternately
communications sections 125/130 and 125/155 to radiative/receptive element
110/112. Those of ordinary skill in the art will appreciate that such switching modules

are readily available articles of commerce.

[0035] With respect to each of the embodiments shown in FIG.s 1-3 and other

embodiments provided by the present invention, the antennae which comprise the

radiative element and/or the receptive element may be configured such that the

lengths of the portion of antenna disposed outside of the water-tight housing may be
12



meter), curve 420 (2 meters), and curve 422 (4 meters). The calculated data indicate that a
relatively steep loss in electric field signal strength (roll-off) occurs with increasing signal
frequency at signal contact distances greater than about 0.5 meters. The practical effect of the
results shown in FIG. 4 is that signal contact distances between the transmitting devices and

the receivin ' rovided by the present inventign need to be relativel | to maintain
gh speed LG b B A S e T RIS,
set of tests wadleamiaidraighih kovomigoties saltadjattedast ratklfilee avittnogdarpedatmehtavihg

an average ‘%&'ﬁ%‘%ﬂ&t}’n%eﬁgﬁé‘é faled mﬁg%&?f&g}%ﬁ; &%&E?%‘%%‘Q& etg?gmép.n%he

device comprising a communications section inc wavetorm generator (FPGA & Flash)
SZ130- _UOO-F(OWQ(E th;@mr@m@,@eé@i m@nﬁymeéamog @@mﬁwwmmwm@ewde
(bandwidth) smgathing, filf B@'ﬂ@dé&%ﬁ%%V%B&'ﬁE&?édol*uHﬂ%}&Qﬂeﬁ%@vﬁ{t%‘ﬁﬁ 56 {0 a

pair of copper antennae. The communications section was enclosed in a water-tight housing
composed oP# PgCteubsceisb aniemHchoshon THEwdxer aif e Hoteing nrIscosiiyursy swey

that a por“0@rQMQ‘%é‘é&%B%n?é?Iﬁé’B&‘%iS’%}%?gﬁ&ﬁﬁ%{%&!’i}@t‘:&ﬁé&ﬁw&ﬂ%&W&fl%éyQ@Q&&’fathe

same end of the PVC tube. [0047JThe transmitting device was placed in the salt water test

tank such thegeord getseadpefies- oRuttersutfape Athbn e faste AereBx s iiyResUaiwanay io
the water. The pREaR ofsANgANaSHISPOREH AHISIHE AhWHRE IaNLROUSIRA S (hAIRE!

contact with the ocean water. [0048]A receiving device was placed on a raft floating on the
surface of tHé {estingnICoR bRASoNE distaatiedrdpinge apPsFiARtiNgTdHC. THemEe panal

element of the feRRIMNY HRVIESFRAIPrIsed a par of aluminum antennae joined to a receiver
contained within a water-tight housing constructed from a PVC tube and appropriate tube

end-scaling components. The receiver comprised a gain selectahle amplifier and an, .
anti-aliasing Ha an anal-a[getél?}i‘éi% U RFLTAI L 4003 40) Pl SSVHR SR MREH Bard
(WaveVisony{ Thaeepralbpaisk iscaier Wwasclinkaslyiand fiker apiit.cable foraskaaipihglas. In

computer host configured.to demodulate and stqre data transmitted from the transmitting
device to tha PR AGIRART GBS STHOE U RdE (R ARSI e SRIEA Frogpathmiig

to produce atestsigsiihean) atising Bipioistonas: ol fog ualmmplitidsinmctiequeaneiarangs ab
from about 100 kiloh%ﬂtz to aﬁ%ﬂt 5 egaggrtz wi\t/lil a pe%k to peak %u;{))ut of a#]oitgl volt. The
test signal WRSTHASHINABYARE RERNSHTIERG eviteth RS TRSRIEHIRY MEdL Y B8ekn
water betweaadhefttansiniting sevicsodiirniaaandingdresivikb deyied @i ooaendrbrilest
signal was detected by the recejving.deyi nd stored in the computer host. [0050]FIG. 5
represents gr‘{aéf?] fitdd VEP%%%%’S%%@@&E ect E%IFéBtFé’gW L the housing 15 fhade e

commercially available PVC piping.

[0037] In another embodiment, the present invention provides a
communication system comprising at least two communication devices of the present
invention; a first (transmitting) device comprising a radiative element comprising at
least two antennae configured to propagate an electric field through water, and a
second (receiving) device comprising a receptive element comprising at least two

antennae configured to detect an electric field signal being propagated through water.

[0038] In one embodiment, the present invention provides a communication
system comprising one or more transceiving devices comprising (a) a water-tight
housing; (b) a radiative element disposed outside of the housing, said radiative
element comprising at least two antennae, wherein the radiative element is configured

alternately to propagate an electric field signal through water and detect an electric
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the receiving device where the transmitting device and the receiving device were separated
by a distance of two feet nine inches. The spectrum plots signal amplitude (Y axis 510) versus
frequency (X axis 512). Under these circumstances, a separation of two feet and nine inches
represents a viable signal contact distance as all 8 tones are clearly discernable from noise.
Thus, tones 514 (100 kilohertz), 516 (302 kilohertz), 518 (705 kilohertz), 520 (1.41 _
megahertz), 59 (3iai3nInbejag cPPpaspicds Hwonly ARG) 896 (@ 63 $RBEAMERBY OBR Segipn

(5.04 megahgizdE GlirpHy Bisqnake asiPsHIRR@NELE SIRANRMNN raBER testptedORP 1iNexXt
the distance between the transmitting device and receiving device was increased to sixteen

feet nine incFRENANG (HERENheSd COPHAMRISAHHSIG S PN SOBRES BE 8 SRR fe ERS S ter

frequency raage of fikam AeUELRD/KiloheiZ:1a ahe WomMaaRAGHZVHRoReRK doriTRak QUL
llected by the receiving device was displayed and .

of about 1 volt was employed. Data c [

analyzed as taagfdﬂ%ﬁ%lﬁ%%w&é@?%a@&w B eéﬁ&e%ﬁl?dwrsp%aaaeés&/a dikteen
feet nine inchesmanlyriihectengiat 100 Kiphdiihwastieayyndisingdshebleailem bioistelectric
[0052]Next t(lfe istance bet ?ﬁ,n the %gansmit ing device and the receiving device was varied
between ab Eftl it -8%?\:% Gt $indred inches. The same test signal
comprising 8 pilot tones of equal amplitude in a frequency range of from about 100 kilohertz to
about 5 megd@iéftk with a heaketerpeaknamuthefabeast twodavaseapldippdsett atistdmtasce

under about(ﬁ,vE;g {6 ot tanes was distingyishable from noise. However, a
greater distances, tié1 s?a%‘?{vé?? gﬁé%tgt%%%r%iaeﬁffﬁo lé?%:etf're “bay‘r‘thazt%ré’%é floor. @(%%Fimgn? 2
[0053]A trankmaitting disvicesoihdippesethtirvditiancearffigasatansabolkp e rinesers Ifwns each

tirely sub ' f ' t.1 at dept ' b
ehes below G <A Aeb I Bt L RGeS A o Ay raCe

less co_nstarﬂﬂé@;é@?athdrs@%é fronsthelieoeairiy dbeicelativessiliramshahenrbodintive. elesrnt
O the i AU G URDILES AN IS B0t Ghm T DO NMPIRAR DL ekICR6

of the water of the test tank. [0054|The tranSmitting device was programmed to a transmit the
8 non-data é@eytigmpsisttones used in Experiment 1, and in addition, 2 data carrying signals.
The data carrying signals were created by direct sequence spread spectrum (DSSS) digital

modulation phgwg) pilot tongs (RigrRa sbhmeRIKHEL-Qmadrisiad P A didiz pIeVIae. 3ndhe
Signal 42 a 100KHz_I-Q modulated 1.91 MHz pilot tone) and transmitted together with the 8

non-data caPfgpilBYt8HER dhiylobedsmtapetinntharbinge GamspyRicRiioRREYEIHea
receiving deigRide dpispRtainge shREad hat A arigneheeaiasct distaneapfaReukddinge

inches, a data transmission rate of about 100 kilobits_{l)er second (kbps) was achieved for the

first data caRSANEEBiRT tBIS AL ateh AT, AR O rBilidte vaied) Bt et Anistaise Pdriti a
data transmiggjandieis. ofrbs bR KRS obesrerRaata SRR RIGaLaNS () il an

SFR of 0. These high data transmission rates and low SERs were also achieved at a longer

signal conta@Var{8ARA Beritneloy s fast Y IMEEFaIgRaY eonbigh-drash dstaHigRen e R,
levels were wﬂc&ma?x@d-h@aﬁaﬁgﬁmwvgfda@csém g signals A Gaatigrechin Tehisndidaglow.

At each of the signal contact distances shown in Table 1 below, the 8 non-data carrying pilot

tones were gqgwé%ahw%&%@ct distance (e.g. a few millimeters).
[0041] In still yet another embodiment, a method of communicating
underwater is provided. The method comprises bringing to within a signal contact
distance a first communication device and a second communication device and
propagating an electric field signal from the first communication device through a
mass of water separating the first communication device from the second
communication device. The second communication device receives the electric field
signal. The first communication device comprises a water-tight housing and a

radiative element disposed outside of the housing. The radiative element comprises at
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‘fable 1 Signal Signal Contact Distance Data Transmission Rate SER* PNt 1 15 inches 100
kbps 0

least two antennae configured to propagate an electric field signal through water and a
communications section disposed within the housing. The communications section of
the first communication device is coupled to the radiative element (the antennae).
The communications section of the first communication device comprises at least one
transmitter configured to transmit digitally modulated data as an electric field signal
propagated by the radiative element. The second communication device comprises a
water-tight housing and a receptive element disposed outside of the housing. The
receptive element of the second communication device comprises at least two
antennae configured to detect an electric field signal being propagated through water.
The second communication device comprises a communications section disposed
within the housing. The communications section is coupled to the receptive element
(the antennae). The communications section of the second communication device
comprises at least one receiver and is configured to receive and demodulate digitally

modulated data carried by an electric field signal sensed by the radiative element.

[0042] In one embodiment, the present invention may be used to monitor the
integrity of flange joints in a subsea riser. Thus, a sensor is disposed proximate to a
gap between adjacent flanges on a subsea riser and monitors the gap between the riser
sections for any change relative to a reference specification. Data from the sensor is
provided to a first communication device provided by the present invention. The first
communication device transmits digitally modulated data as an electric field signal to
a second communication device of the present invention through an intervening mass
of water separating the two devices. In one embodiment, the first communication
device digitally modulates the sensor data. In an alternate embodiment, the sensor
itself digitally modulates the sensor data. In yet another embodiment, the sensor is
integrated into the first communication device. In one embodiment, the first
communication device is attached the subsea riser at a location such that the device is
configured to sense a signal between sensors disposed within a gap between adjacent
flanges on the riser. The first communication device detects the sensor signal,
digitally modulates the sensor signal, and transmits the digitally modulated signal as
an electric field signal to a second communication device provided by the present

invention. In one embodiment the first communication device is hard-wired to at
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+ #2 15 inches 200 kbps 0 #1 28 inches 100 kbps 0

least one of the sensors. In an alternate embodiment, the communication of the sensor

signal from at least one of the sensors to the first communication device is wireless.

[0043] In yet another embodiment, the present invention may be used to
monitor an undersea pipeline. Thus, a first communication device of the invention
proximate to the undersea pipeline is configured to sense one or more characteristics
of the pipeline, for example internal temperature, external temperature, internal
pressure, and fluid flow rate through the pipeline. The first communication device
senses a signal correlating with one or more of such characteristics and converts the
signal into digitally modulated data which is propagated into the surrounding seawater
as an electric field signal. A second communication device of the invention, for
example an ROV, is brought to within a suitable signal contact distance of the first
communication device. The second communication detects, demodulates and stores

the electric field signal transmitted by the first communication device.

[0044] Although specific examples have been provided herein which include
subsurface monitoring of subsea pipelines and undersea risers used in oil production,
the present invention may be used to monitor a host of undersea assets including

subsea cables and subsea seismic monitors.
EXPERIMENTAL PART

Experiment 1

[0045] A preliminary investigation was carried out in an effort to model
electric field signal attenuation in water as a function of the signal frequency and the
distance between a transmitting device and a corresponding receiving device. FIG. 4.
presents the calculated electric field attenuation for a model system comprising an
electric field signal transmitting device and electric field signal receiving device
immersed in water, and is based on Maxwell’s electric current wave equation. The Y-
axis 410 represents the calculated magnitude of the electric field attenuation in
response to changing electric field signal frequency (X-axis 412). The distance
between the communication devices was varied to obtain the family of frequency

response curves shown: curve 414 (0.25 meters), curve 416 (0.5 meters), curve 418 (1
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#2 28 inches 200 kbps 0 #1 51 inches 100 kbps 0 #2

meter), curve 420 (2 meters), and curve 422 (4 meters). The calculated data indicate
that a relatively steep loss in electric field signal strength (roll-off) occurs with
increasing signal frequency at signal contact distances greater than about 0.5 meters.
The practical effect of the results shown in FIG. 4 is that signal contact distances
between the transmitting devices and the receiving devices provided by the present
invention need to be relatively small to maintain high speed data transmission through

water at practical transmitter power levels.

[0046] Next a set of tests was carried out in a controlled salt water test tank
filled with ocean water having an average conductivity of about 4.8 Siemens per
meter. A battery powered transmitting device comprising a communications section
including a waveform generator (FPGA & Flash) SZ130-U00-K coupled to a high
speed digital to analog converter coupled to a 6 pole BW (bandwidth) smoothing filter
and 1A power driver (LT1210). The power driver was coupled to a pair of copper
antennae. The communications section was enclosed in a water-tight housing
composed of a PVC tube closed at each end. The water-tight housing was configured
such that a portion of the copper antennae extended several inches beyond the outer

surface of the same end of the PVC tube.

[0047] The transmitting device was placed in the salt water test tank such that
the device floated on the surface with the antennae extending downward into the
water. The portion of the antennae disposed outside of water-tight housing was in

direct contact with the ocean water.

[0048] A receiving device was placed on a raft floating on the surface of the
test tank at a controlled distance from the transmitting device. The receptive element
of the receiving device comprised a par of aluminum antennae joined to a receiver
contained within a water-tight housing constructed from a PVC tube and appropriate
tube end-sealing components. The receiver comprised a gain selectable amplifier and
an anti-aliasing filter, an analog to digital converter (ADC141.040) and a waveform
interface board (WaveVison). The on-board receiver was linked via a fiber optic
cable to an “on-shore” computer host configured to demodulate and store data

transmitted from the transmitting device to the receiving device.

17
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[0049] In a first test, the transmitting device was programmed to produce a
test signal comprising 8 pilot tones of equal amplitude in a frequency range of from
about 100 kilohertz to about 5 megahertz with a peak to peak output of about 1 volt.
The test signal was transmitted by the transmitting device through the intervening
mass of ocean water between the transmitting device antennae and the receiving
device antennae. The test signal was detected by the receiving device and stored in

the computer host.

[0050] FIG. 5 represents an amplitude versus frequency spectrum collected by
the receiving device where the transmitting device and the receiving device were
separated by a distance of two feet nine inches. The spectrum plots signal amplitude
(Y axis 510) versus frequency (X axis 512). Under these circumstances, a separation
of two feet and nine inches represents a viable signal contact distance as all 8 tones
are clearly discernable from noise. Thus, tones 514 (100 kilohertz), 516 (302
kilohertz), 518 (705 kilohertz), 520 (1.41 megahertz), 522 (2.32 megahertz), 524 (3.12
megahertz), 526 (4.03 megahertz), and 528 (5.04 megahertz) are clearly discernable

across the entire frequency range tested.

[0051] Next the distance between the transmitting device and receiving device
was increased to sixteen feet nine inches and the same test signal comprising 8 pilot
tones of equal amplitude in a frequency range of from about 100 kilohertz to about 5
megahertz with a peak to peak output of about 1 volt was employed. Data collected
by the receiving device was displayed and analyzed as a signal to noise versus
frequency spectrum (not shown). At a distance of sixteen feet nine inches, only the

tone at 100 kilohertz was clearly distinguishable from noise.

[0052] Next the distance between the transmitting device and the receiving
device was varied between about twenty-one inches and about two hundred inches.
The same test signal comprising 8 pilot tones of equal amplitude in a frequency range
of from about 100 kilohertz to about 5 megahertz with a peak to peak output of about
1 volt was employed. At distances under about five feet, each of the 8 pilot tones was
distinguishable from noise. However, at greater distances, the signal was at least

partially obscured by the noise floor.
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200 kbps 62% + Signal #1 = 50KHz modulated 504 KHz pilot tone; Signal #2 = 100KHz
modulated 1.91 MHz pilot tone; * SER = symbol error rate; t PN = pseudo number correlation:
+ indicates a strong correlation. Experiment 3 [0055]A transmitting device of the present
invention configured as in Experiment 1 was submerged in the test tank used for Experiment
1 at a depth Ef a(g?ugl Teter. A receiving device configured as in Experiment 2 was likewise
submerged in the trgsﬂank at a depth of | meter. The transmitting device was programmed to
transmit the 8 non-data carrying pilot tones used in Experiments 1 and 2. The signal contact

distances bditfeéh the tradsrHidisa ievgclariganalrdbeiireseidvicey hbieny sABHZVER aouf 16
inches to abayh f4iRANES{dSenally W bratig et alebichAISIRRESS Ahibe 8 RiAkiRRes

was clearly discernable from noise. At greater distances, (102", 122" and 146") the pilot tones

were still distEABIE PDdgwHal Sinshgibalay dheatifacsin shevbd §h anchambee wribasrdpgsal

contact distagggs nsignalFHEagH F03Y RayvedernatreiediowBe Repimity-etiiad aiatye:
element and receptive element to the bottom of the test tank. It is noteworthy that

such effectstBansHE¥fercdife KFepdttefisy et Sihisreismactardesneempiss)Vime gz
certain featRe e dbe diaatigNdoAMBRRE Bl HIiadBNY of the water of the test tank.

[0054] The transmitting device was programmed to a transmit the 8 non-data
carrying pilot tones used in Experiment 1, and in addition, 2 data carrying signals.
The data carrying signals were created by direct sequence spread spectrum (DSSS)
digital modulation of two pilot tones (Signal #1 a 50KHz I-Q modulated 504 KHz
pilot tone, and Signal #2 a 100KHz I-Q modulated 1.91 MHz pilot tone) and
transmitted together with the 8 non-data carrying pilot tones employed in Experiment
1 from the transmitting device to the receiving device. Results obtained showed that at
a signal contact distance of about 15 inches, a data transmission rate of about 100
kilobits per second (kbps) was achieved for the first data carrying pilot tone (#1) with
an symbol error rate (SER) of 0, and correspondingly a data transmission rate of about
200 kbps for the second data carrying pilot tone (#2) with an SER of 0. These high
data transmission rates and low SERs were also achieved at a longer signal contact
distance (28 inches). At yet still longer signal contact distances higher SER levels
were encountered. Data for the two data carrying signals are gathered in Table 1
below. At each of the signal contact distances shown in Table 1 below, the 8 non-

data carrying pilot tones were also clearly discernable.
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described herein, many modifications and changes will occur to those skilled in the art. It is,
therefore, to be understood that the appended claims are intended to cover all such
modifications and changes as fall within the true spirit of the invention. Parts List
100communication device configured as a transmitting device 105water-tight housing
110radiative element 112receptive element 115antenna 117portion of antenna disposed
outside of hoT%th‘f’gllzoantenna 122portion of antenna disposed outside of housing

Signal | Signal Contact Distance | Data Transmission Rate | SER* | PNT
#1 15 inches 100 kbps 0 +
#2 15 inches 200 kbps 0 +
#1 28 inches 100 kbps 0 +
#2 28 inches 200 kbps 0 +
#1 51 inches 100 kbps 0 +
#2 51 inches 200 kbps 30.7% | +
#1 75 inches 100 kbps 25% | +
#2 75 inches 200 kbps 62% | +

Signal #1 = 50KHz modulated 504 KHz pilot tone; Signal #2 = 100KHz modulated
1.91 MHz pilot tone; * SER = symbol error rate; T PN = pseudo number correlation: +
indicates a strong correlation.

Experiment 3

[0055] A transmitting device of the present invention configured as in
Experiment 1 was submerged in the test tank used for Experiment 1 at a depth of
about 1 meter. A receiving device configured as in Experiment 2 was likewise
submerged in the test tank at a depth of 1 meter. The transmitting device was
programmed to transmit the 8 non-data carrying pilot tones used in Experiments 1 and
2. The signal contact distances between the transmitting device and the receiving
device were varied from about 16 inches to about 74 inches (16, 26”, 50”, and 74”)
at which distances each of the 8 pilot tones was clearly discernable from noise. At
greater distances, (1027, 122” and 146”) the pilot tones were still discernable but
signal strength was erratic. It is believed that at these greater signal contact distances,

signal strength may have been affected by the proximity of the radiative element and
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125communications section 130communications section configured as a transmitter
135waveform generator 137connector 140digital to analog converter 145filter 150power driver
155receiver 160amplifier 165filter 170analog to digital converter

receptive element to the bottom of the test tank. It is noteworthy that

such effects can be overcome by shortening the signal contact distance.

[0056] While only certain features of the invention have been illustrated and
described herein, many modifications and changes will occur to those skilled in the
art. It is, therefore, to be understood that the appended claims are intended to cover

all such modifications and changes as fall within the true spirit of the invention.
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175waveform interface board 180data demodulator and storage unit 190switching module
200communication device configured as a receiving device 300communication device
configured as a transceiving device 410x-axis 412y-axis 414frequency response curves at
signal contact distance of 0.25 meters 416frequency response curves at signal contact
distance of 0.5 meters 418frequency response curves at signal contact distance of 1 meter

100

105

110

112

115

117

120

122

125

130

135

137

140

145

150

155

160

165

170

175

180

190

200

Parts List

communication device configured as a transmitting device
water-tight housing

radiative element

receptive element

antenna

portion of antenna disposed outside of housing
antenna

portion of antenna disposed outside of housing
communications section

communications section configured as a transmitter
waveform generator

connector

digital to analog converter

filter

power driver

receiver

amplifier

filter

analog to digital converter

waveform interface board

data demodulator and storage unit

switching module

communication device configured as a receiving device
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420frequency response curves at signal contact distance of 2 meters 422frequency response
curves at signal contact distance of 4 meters 510x-axis 512y-axis 514pilot tone at 100
kilohertz 516pilot tone at 302 kilohertz 518pilot tone at 705 kilohertz 520pilot tone at 1.41
megahertz 522pilot tone at 2.32 megahertz 524pilot tone at 3.12 megahertz 526pilot tone at

4.03 megahertz
300

410
412
414
416
418
420
422
510
512
514
516
518
520
522
524
526

528

communication device configured as a transceiving device

X-axis

y-axis

frequency response curves at signal contact distance of 0.25 meters
frequency response curves at signal contact distance of 0.5 meters
frequency response curves at signal contact distance of 1 meter
frequency response curves at signal contact distance of 2 meters
frequency response curves at signal contact distance of 4 meters
X-axis

y-axis

pilot tone at 100 kilohertz

pilot tone at 302 kilohertz

pilot tone at 705 kilohertz

pilot tone at 1.41 megahertz

pilot tone at 2.32 megahertz

pilot tone at 3.12 megahertz

pilot tone at 4.03 megahertz

pilot tone at 5.04 megahertz
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CLAIMS

1. A communication device, comprising;

(a) a water-tight housing;

(b) at least two antennae disposed outside of the housing, said antennae
comprising a radiative element configured to propagate an electric field signal
through water; and/or a receptive element configured to detect an electric field signal
being propagated though water; and

(c) a communications section disposed within the housing, said
communications section comprising;:

(1) at least one transmitter and/or at least one receiver;

(i) a waveform generator configured for digital modulation and/or
demodulation of digital data by direct sequence spread spectrum (DSSS)
digital modulation, orthogonal frequency division modulation (OFDM) digital
modulation, frequency hopping spread spectrum (FHSS) digital modulation,
quadrature phase shift key (QPSK) digital modulation, quadrature amplitude
(QAM) digital modulation, binary phase shift key (BPSK) digital modulation,
or a combination thereof;

(ii1) a digital to analog converter coupled to the waveform generator;
and

(iv) a power driver and/or a low noise amplifier coupled to said
antennae;

said communications section is configured to transmit and/or receive
digitally modulated data as an electric field signal propagated and/or sensed by

the antennae.

2. The device of claim 1, wherein the radiative element comprises a conducting

material, a semi-conducting material, or a combination thereof.

3. The device of claim 1 or 2, wherein the antennae comprise a pair of copper

antennae.
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