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schematic illustration of an exenplary enbodi nent of thé optical
transcei ver of the sensor node of Fig 5 Fig 7 is a schematic illustration

of an exeBRIEF PEYIRIBTHINIODTHENARAMYINGY transmitter of the optical
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Fig. 11 is. a row cpart illustration of a mathodfo. erating a systemfor
monNi t or i ng 2 is a graphical illustration of the total attenuation coefficient Tor seawater.

Fig. 3 is a graphical illustration of an exemplary embodiment of the communication

pathways used in the subsea zones in a system for monitoring subsea devices.

Fig. 4a is a schematic illustration of an exemplary embodiment of a system for

monitoring subsea devices.

Fig. 4b is a schematic illustration of an exemplary embodiment of the communication

network of the system of Fig. 4a.

Fig. 5 is a schematic illustration of an exemplary embodiment of the sensor nodes of

the system of Fig. 4a.

Fig. 6 is a schematic illustration of an exemplary embodiment of the optical

transceiver of the sensor node of Fig. 5.

Fig. 7 is a schematic illustration of an exemplary embodiment of the optical

transmitter of the optical transceiver of Fig. 6.

Fig. 8 is a schematic illustration of an exemplary embodiment of the optical receiver

of the optical transceiver of Fig. 6.

Fig. 9 is a schematic illustration of an exemplary embodiment of the optical

transceiver of the system of Fig. 4a.



subsea devi ces. DETAILED DESCRI PTION In the drawi ngs and description that
follows, |like parts are marked throughout the specification and draw ngs
wi th t he wareiweissnence nuneral s, respectively. The dr aRCmgs2e0051300
necessarily to scale. Certain features of the invention may be shown
exaggerated in scale or in somewhat schematic formand sone details of
conventional elenents may not be shown in the interest of clarity and

conci senegi. [hes Ar asematic ueatation ofS as Useplarplentiodireeriost MrRNtentol
different forns. Specific enbodi nents are described in detail and are shown
in the dr5wmﬁﬁ@¥oﬂﬁﬁﬁy$ﬁﬁoﬁﬁdhﬂétanding that the present disclosure is to
be considered an exenplification of the principles of the invention, and is

not intenggd 1§Qs bifB chfpFillS¥Sn G Bl@hhtoh%tf rgglelg:dfﬁ% e g%m%g nfifiekihped

herein. It s to be fully recognized that t nt teachi ngs of the
enbodi nenswsdd douisesed bel ow nmay be enpl oyed separately or in any suitable
conbi nation to produce desired results. The various characteristics

nment i oned ther features and characteristics described in
I ER SRR R D

nore deta adily apparent to those skilled in the art
upon reading the follow ng detail ed description of the enbodi nents, and by

referringld chet hawaggaidadustmgichr el AgRwsDIike lpang afeomalkedribaachon tHeposits
in deep water yroducti on, of hydrocarbon deposits in deep water, and
mai nt enanégcHicatior @dbdiawingscMtht thessamel sfegnec npmerals i lesresdvalor TAad t he
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busi ness and a strategl c necessi e ar science surrounding this
activity esaggeafedundcalédsr arsoemeavit g£hemhiec feemtandabmphigsiils al catventonat es

typically used in hydrocaybon.exploratio nd prqduct. on extend for
M Les i n’ FERSER BAERE)BE Sy i ks By ot et A SORF ISt of heparesent

mani pul at @enfidi RsGRBPEAE €8l emBOHHNMIRRI A BG ehiToRRAWREETic embodiments are
described in detail and are shown in the drawings, with the understanding that the
present disclosure is to be considered an exemplification of the principles of the
invention, and is not intended to limit the invention to that illustrated and described
herein. It is to be fully recognized that the different teachings of the embodiments
discussed below may be employed separately or in any suitable combination to
produce desired results. The various characteristics mentioned above, as well as other
features and characteristics described in more detail below, will be readily apparent to
those skilled in the art upon reading the following detailed description of the

embodiments, and by referring to the accompanying drawings.

Drilling for hydrocarbon deposits in deep water, production of hydrocarbon deposits
in deep water, and maintenance of the subsea facilities related to the drilling for and
the production of hydrocarbon deposits in deep water has become an important
business and a strategic necessity. The art and science surrounding this activity is

profound.

As an example, the vertical physical structures typically used in hydrocarbon
exploration and production may extend for miles in length and typically these
physical structures must be manipulated, interconnected, and monitored in seawater.

Furthermore, in hydrocarbon exploration and production, there are also typically
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Furthernore, in hydrocarbon exploration and production, there are al so

typi cal l ysensors and ot her plant equi pnent depl oyed on the seabed fl oor and
it is deswoabloaisand often essential, that the heal th oPCtarsdiwiostsoof these
structures and equi prent be appropriately nonitored in order to quickly

di agnose i nchoate degradation or physical integrity problens. In addition,
it is often undesirable to deploy sensors on the subsea structures that are

| i nked t 0sénsemdrandchétnplinttquibntaibldeplohi@t onvehd skabydileal hnd neededimblie
depl oyed as the subsea structure is built. In such instances, a snal
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there is a Wmreless so n trahsporting
acquired deepiwapesblaad dn bdditibe isurdtizo enfiesirablead y¥spley acrdomain tha schsea ng t he

subsea expl oratign for.and the productjon of hydrocarbon deposits, Anmong
the diffi éf&ﬂftﬂilrs%a%%hfﬁﬂ?gﬁ%arﬁgﬁﬁgﬁ ‘t“HE{%F‘éé@ﬁttK@%’é f axjeadliisast iRRes are
the Opt'Ca&mé&&m&@%@%h&ﬁa%hﬁ&ﬁﬁi%Hh§ﬁlQ§s9&1hﬁﬁn&%ﬁﬁ%ﬂhﬁ@ﬁbﬂ@&ﬂ%ﬂﬂ?”‘Of

seawater. In particular, the optical transm ssion characteristic o
seawat er wouklubkely hiacutt demagg evisiet § lafeceadibmater ofablei glotldd eorssawemuch

exponentially . wth distance trayeled. ,This .decrease in intensity.1s due to
tup mechantefué oieh Al e BN i oy RE e e ePe and et feh et ng
of light Ryrelddessipnpiodlic pdBlem feBdisportihdBcduired deépina@ntans oltheamticeler at i on
in the optical transm ssion of information 1n seawater is the optical
transnitt & aabireArd astionsuens the wubsear expiaratinne fors andrvdlice Pragdustien wf ndow of

rel ativel i1on at very |l ow frequenci es and anot her w ndow of
relativel %/{y({irg%rg Iggérp%%ﬁlt%n at the bluegreen optical region, fromabout 400
nmto about 500 nm wavel ength, as illustrated in Fig. 1. A second

f undanent aAlmangrke di¢tiatliienofberoveivemproyphgptes@n eaémplptyl @abodsmgmabs the
seawat er concerns the seawat er, cha&gﬁ%eristics..ln r@jat

ely clear
seavat er PRE daaspssigy _ ﬁ@ﬁttepét]lcsd ASEVPPNIEHON [HEAIHE] P Sﬁ%lw%t‘ﬂe%ﬁeam of
light is Lessubhame Shabl idhshi§stirdcharacteristic of seawater is such that the intensity

of a beam of light decreases exponentially with distance traveled. This decrease in
intensity 1s due to two mechanisms: 1) absorption of light by the seawater; and 2)
scattering of light by the seawater. As a result, the first fundamental consideration in
the optical transmission of information in seawater is the optical transmitter frequency
or wavelength. Furthermore, seawater has a window of relatively low absorption at
very low frequencies and another window of relatively low absorption at the blue-
green optical region, from about 400 nm to about 500 nm wavelength, as illustrated in

Fig. 1.

A second fundamental consideration for the propagation of optical signals in seawater
concerns the seawater characteristics. In relatively clear seawater the rate of
exponential decrease in the intensity of the beam of light is less than that in turbid
water. The optical attenuation properties of different seawater types are usually
classified by the commonly known Jerlov number. The Jerlov number for a particular
operational environment is useful for setting the transmitter power relative to a Jerlov
reference water type such as, for example, a Jerlov Type 1 which corresponds to
markedly clear seawater. The total spectral attenuation coefficient for various Jerlov

water types is illustrated in Fig. 2. Bioluminescence, sunlight, and biofouling near the
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water. The optical attenuation properties of different seawater types are
usual ly classified by the commonly known Jerl ov nunber. The Jerl ov nunber
for a parwpcolozrigiper ati onal environnent is useful for ®eTUSAEINRES00
transmtter power relative to a Jerlov reference water type such as, for
exanple, a Jerlov Type | which corresponds to markedly clear seawater. The
total spectral attenuation coefficient for various Jerlov water types is
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transm ssiggan bﬂe@@@%ﬁ[bé}bv%Qhé&ﬁpftl%ﬁpe%‘éH&ld?{&QﬁH@gﬂt0n i mpai rments from
turbidity but requires | ess energy per bit of data than optical

conmmuni cations and acoustic conmmuni cation suffers froma nuch | onger del ay
t han an optpesic ttaﬂammogsmowawmngISOtsnﬁfeIls| wnteamrnopmtl@fl Igpeir@ants 4rdn acoust i ¢
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parti cul ancoustié htdinhbieicgtlophaliffersafidnana UppPer lpﬁgérl delapf tHahe adl spiieil i C
subsea water zones, acoustic conmmunication should provide the best nbde of
connunlcaﬁﬁ%%@smﬁbmever within a lower portion of the disphotic and the
aphotic subsea zones, optical comuni cation should provide the best nobde of

comuni catrh N Sthe Ml@d‘[loﬂ?"éﬁ ‘u’calt 5'1?& a@o&‘sﬁmoﬂﬁ’ﬁdtﬁ’&tl%fl 113}0&'&%5!69 ARdnopti cal

communi cation may al so ovided within each of the subsea water zones
dependi nggenpoal edeUSmeqnbwde®pbyaﬂmngnsaﬂdwkmnﬂsq#ouMﬁﬁuheKE|mmyprlcaIIy,
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portion of the disphotic subsea water zones, acoustic communication should provide
the best mode of communications; however, within a lower portion of the disphotic
and the aphotic subsea zones, optical communication should provide the best mode of
communications. Note, however, that a combination of acoustic and optical
communication may also be provided within each of the subsea water zones
depending upon the specific operating conditions found therein. Typically, as
illustrated in Fig. 3, the euphotic subsea water zone typically extends from the surface
of the water down to a depth of about 200 meters, the disphotic subsea water zone
typically extends between a depth of about 200 to 1000 meters, and the aphotic subsea

water zone typically extends from a depth of about 1000 meters to the sea floor.

The present exemplary embodiments provide a hybrid communications technology
comprising interoperable equipments in modes that are specifically useful for subsea
exploration for and production of hydrocarbons. In particular, the present exemplary
embodiments provide optical and acoustic transmission of information through
seawater. In an exemplary embodiment, the communications of the present exemplary
embodiments include optical and acoustic transceivers, data compression, and optical

multiplexing that includes wavelength band division multiplexing that allows a



of the water down to a depth of about 200 neters, the disphotic subsea
wat er zone typically extends between a depth of about 200 to 1000 neters,
and t he apbavion2ssibsea wat er zone typically extends fromCa/use@olssho about
1000 neters to the sea floor. The present exenplary enbodi nents provide a
hybri d conmuni cati ons technol ogy conprising interoperable equipnents in
nodes that are specifically useful for subsea exploration for and

product i opluedlithyfomiar fignds td bt Pankireeldy comi@nardentheaxbsaalopesating
enbodi ments provide optical and acoustic transm ssion of information

t hrough s&&NAEMEKNL| n an exenpl ary enbodi ment, the communications of the
present exenpl ary enbodi nents include optical and acoustic transceivers,
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now to Figs. 4t an exenplary e diment gf a stem 100 for
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or nore S@@ﬁﬂﬂwﬂoﬂﬂsb%oﬁ §uddda bANARESABA YniRBR @dot 0 aReaaNReh@larpnd to at
| east one central controller 108 by a subsea comuni cati on network 110. In

an exenpl ampodntsatliatreiitthe senporgfodeh e0Gansibe crrstd sontodlesdds prrepasdinned
cont rol | g, 408 Ja €031 L1 ANGAMN 181N N6, SUBREA-PINAANAERT 1h0%udl an

exenpl ary ‘e I ment’, Sea conmuni cat includes at

| east onecohmanicapdri e@twaknMmuNiaidesmtneissosde andnasptaabsinintuni@dBhini cat i on
network. In an exenpl ary enbodi nent, the subsea communi cation network 110
further i AePedeandpn peRistic ABMYBLIIL AR PRIBIORK. daFapPeBlary ce\Prdinegt.dBei cal and

acoustic %IQ&’%&%dn‘i’%éiBﬁtm&kaWo %PRH& fnld gg? 08 QLash WAESm O nefidbiik he

central controllers 1 I'n an exenplary e I ment, the subsea
communi catapablenef pawididd Gpfical tandracongticucasmaticitemsbetonen ard hnvagwbe kK t hat

may utilize one or re.conventjonal nmesh _network co ni catj on protocols.
As will béenﬁ%rcwﬁﬁ Bt 2f¢ ﬂbee?%fﬁL CopitAllsE &Bd?ﬁqaﬂnye@mpﬁwieﬂl isnes, t,Le mesh
t echnol 0gyybsea communication network 110 further includes at least one mesh network that

may utilize one or more conventional mesh network communication protocols.

As will be recognized by persons having ordinary skill in the art, mesh technology
adds robustness to a system by providing path diversity. This allows nodes to
communicate to any other node which is in range creating a mesh of opportunities or
paths for which data can flow. Any one path can become obstructed or a failure can
cause a single path not to function but the remaining paths provide redundancy thus
increasing the reliability of end to end data delivery. Mesh nodes act both as repeaters
and routers, they can both extend the range of the system as well as route data through

finding the best path to delver data from the source to the sink.

In an exemplary embodiment, the subsea communication network 110 includes
pathways 110a in the horizontal direction and pathways 110b in the vertical direction.
In an exemplary embodiment, the pathways 110b in the vertical direction provide
communication between one or more of the sensor nodes 106 and/or central
controllers 108 and a communication pathway 110c positioned at or near the surface
of the subsea environment 104. In an exemplary embodiment, the pathways 110b in

the vertical direction are predominantly acoustic communication pathways while the



adds robustness to a system by providing path diversity. This all ows nodes
to conmuni cate to any ot her node which is in range creating a nesh of

oppor t uniwpesioonigat hs for which data can fl ow. Any onePpatus2aansisecone
obstructed or a failure can cause a single path not to function but the
remai ni ng pat hs provide redundancy thus increasing the reliability of end
to end data delivery. Mesh nodes act both as repeaters and routers, they
can both exheags t e nahgeotbodthledisittbe areapred@hinanty bt codmbhaunidationgh
finding the best path to delver data fromthe source to the sink. In an
exenpl ar y PERP8YS ment, the subsea conmmunication network 110 i ncl udes
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direction are predom nantly optical conmunication pathways.” In an exenpl ary

enmbodi nenend eaéroledmuni cati on pathway HOc is operably coupled to a network
11Qd that permits conmunication between the network 110 and ot her

comuni cat > S (o) | n i I el I
connunicaP}gﬁengﬁagété?ﬁﬁﬁafﬁfgm%ﬁﬁﬁgéﬁggﬁgngﬁ%rgﬁﬁ%ﬁﬁggagﬁg&ggépg%1100 may
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t he sensor nodes 106 include a housing 10& t hat, houses and supports a
cont rol | effaA5§e ek KA 4 a@ﬁ@ﬁl&%ﬂpﬁﬂéﬁfmﬁﬂrw hah ekl abp doprea et o8s 1060
and an optj heagﬁﬁﬁgﬁhﬁﬁé.IOGd that are both al so housed w thin and
supported the housing. "I n an exenpl ary enbodi nent, the controller 106b

is a conventional progranmmable ' '
In an exemplary embodiment, the controller 106b is a conventional programmable

controller such as, for example, a microprocessor and memory.

In an exemplary embodiment, the acoustic transceiver 106¢ is a conventional acoustic

transceiver.

In an exemplary embodiment, the optical transceiver 106d includes an optical

transmitter 106da and an optical receiver 106db.

In an exemplary embodiment, the optical transmitter 106da includes a light emitting
diode ("LED") 106daa that transmits light that received by an end of an optical
waveguide 106dab and then conveyed through the optical waveguide to a narrow
band spectral filter 106dac. The light received at the narrow band spectral filter
106dac is then filtered to substantially eliminate all light having wavelengths outside
of the passband of the narrow band spectral filter. As a result, only light having
wavelengths substantially within the range of wavelengths within the passband of the
narrow band spectral filter 106dac are permitted to pass therethrough. In an
exemplary embodiment, the narrow band spectral filter 106dac includes a passband of
about 20 nm. The light that is permitted to pass through the narrow band spectral

filter 106dac then is received at an electro-optical shutter 106dad that controls the



controller such as, for exanple, a m croprocessor and nenory. In an

exenpl ary enbodi nent, the acoustic transceiver 106c is a conventi onal
acousti c woansoeisier. I n an exenpl ary enbodi ment, the opCiraskoownarsscei ver
106d includes an optical transmtter 106da and an optical receiver 106db.
In an exenpl ary enbodi nent, the optical transmtter 106da includes a |ight
emtting diode ("LED') 106daa that transmts light that received by an end

of an opt peshges\atiduihd ehetdibidah and tHehbseanvey@teritNDOUBHthi hadiy | el
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passband g@hsBROUhL a%(éx&'ﬂ}alaﬁh@mbbcﬂmen{ fﬂﬁ"écérﬁroﬂ@f !Tibédtaéf%atyoalﬂﬁﬁ%dﬁlﬁfe%gh the
narrow band spectral ter 106dac then is received at an el ectro-opti cal
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subsea en ronmeent h%% . h| S nner 1t (ﬂ? . O @t gt 1@? tter 106dad
provi des 816{1? dal SHW&I a\ﬁéﬂi‘ sy yr P ﬁ 23 %é "Hn&}ﬁt out of

the opticgtetdodegm tter 106da into the subsea enV| ronnment 104. In an

exenpl ary enbodi nent, a controller 106dae is operably coupl ed to one or
nore of the LED 106daa narrow band spectral filter 2106dac

el ect r o- offt Mt &FenyHY tegibodeRhthe Pﬁﬂ%@htré&%tﬁﬁpralf%ﬁ da mpednelere 2 P{Uﬁ%htﬁ Shtrol | er
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signal tot I ver or t he nner the optical data
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exenpl ary enb iment, .the optical transmtter 106da Tay. i nclude a ;l)l urality
of optlc ata out of the optical transmitter. In an exemplary embodiment, the optica

waveguides 106dab, narrow band spectral filters 106dac, and electro-optical shutters

106dad may then be used to divide up the available optical spectrum into N spectral

ranges thereby permitting the optical communication channel to provide N

simultaneous optical data channels. In this manner, the system 100 may provide

wavelength band division multiplexing ("WBDM").

In an exemplary embodiment, the LED 106daa is a conventional LED such as, for
example, a visible blue or green LED. In an exemplary embodiment, the optical
waveguide 106dab is a conventional optical waveguide such as, for example, a optical
fiber. In an exemplary embodiment, the narrow band spectral filter 106dac is a
conventional narrow band spectral filter such as, for example, an interference filter.
In an exemplary embodiment, the electro-optical shutter 106dad is a conventional
electro-optical shutter such as, for example, a Kerr cell, a Mach-Zehnder
interferometer and/or an electro-absorption modulator. In an exemplary embodiment,
the controller 106dae is a conventional programmable controller such as, for example,

a microprocessor and memory.

In an exemplary embodiment, the optical receiver 106db includes a narrow band

spectral filter 106dba that receives incident light from the subsea environment 104.



mat chi ng sets of optical wavegui des 106dab, narrow band spectral filters
106dac, and el ectro-optical shutters 106dad that provide parallel optical
pat hways worotwensm tting optical data out of the opticaCTusamwostsper. | n
an exenpl ary enbodi nent, the optical wavegui des 106dab, narrow band
spectral filters 106dac, and el ectro-optical shutters 106dad may then be
used to divide up the avail able optical spectruminto N spectral ranges

t her eby p@heilight rrgceﬁml epthiec ahrrewniandi grtirdinfitGranogibat 8 MepMvilgeedN to
si mul t aneous ogtl cal. data channels. In this manner, the system 100 may
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vi si bl e blue or gre [n an exemnp ment , e optica
wavegui de wlthbdtb rargeaft mvlemgthmwahunbe pmbambafetgunafeo\s tadd s;sctrélcfrlteex anpl e,

a optical In an exenpl ary enbadi nt nar band. spectr al
filter 106@3@ ajage aere%feﬂgmaa%@« %lgpvéwﬁ%e rygm f> st t%%@ﬂr% for
exanpl e, Bﬁhd @%@Hl%ﬁf‘@%&b‘a'hﬁ?ﬁ paisBarﬁf'oFa’B%ﬁ@i@ﬁM CEL %hf@gﬁ:ls pTeHﬁtted

el ectro-optical shutter is a conventional electro-optical shutter

such as, fopasedunpdhethe aalKewﬁoan@ kppectral filter HOZbrantien isi meavddeatenendof amd/ or an

AR L R G S R A

M Cr opr oC @ &PExeaillarfRMYodimdnd, Abn@aBP] EBdld endReibie Béupléd1® dRetor Gfdre 1 ecel ver
106db i ncludes a narrow band spectral filter 106dba that receives incident

light froff the nguipyebarchvpectinhdiiter 1104diman; gircak detertoed 04€de- helnak r ow band
| i N
spectra Lké&&&weﬁ‘?@%og@nérﬁ h{ée& Bloh (ﬁégibﬁ(?n BSS Agk! @]';]15% b s %‘% fal @

|'i ght having wav passband o € narrow
spectral tdckived .byAtheaoptieslutiétecton Ilg6db|cg hin Hay ni@neva\tied epg&dhsdawblghamt ially
within the rangg of wavel engths within tge@giagsband of the narrow band

1 ggye

spectral fSCRIVEd bY Jrcpaicaliieceled nopdppay e ‘her et hrough. In an exenplary
enbodi ment, the narrow band spectral filter 106dba has a passband of about

20 nm  The, hih @REmpIBAL ethBoRBEM tiicbtical receiver 106db may include a plurality of
matching sets of narrow band spectral filters 106dba, optical waveguides 106dbb, and
optical detectors 106dbc that provide parallel optical pathways for receiving optical
data into the optical receiver. In an exemplary embodiment, the narrow band spectral
filters 106dba, optical waveguides 106dbb, and optical detectors 106dbc may then be
used to divide up the available optical spectrum into N spectral ranges thereby
permitting the optical communication channel to provide N simultaneous optical data

channels. In this manner, the system 100 may provide WBDM.

In an exemplary embodiment, the narrow band spectral filter 106dba is a conventional
narrow band spectral filter such as, for example, an interference filter. In an
exemplary embodiment, the optical waveguide 106dbb is a conventional optical
waveguide such as, for example, an optical fiber. In an exemplary embodiment, the
optical detector 106dbc is a conventional optical detector such as, for example, an Si
detector. In an exemplary embodiment, the controller 106dbd is a conventional

programmable controller such as, for example, a microprocessor and memory.

In an exemplary embodiment, a marine snow shield 106e is coupled to a top portion

of the housing 106a of the sensor node 106 for preventing marine snow from



to pass through the narrow band spectral filter 106dba then is received at
an end of an optical wavegui de 106dbb and conveyed therethrough to an

opti cal deDeotoom1§1i06dbc. I n an exenpl ary enbodi nent, a eomuseddas18006dbd i s
operably coupled to one or nore of the narrow band spectral filter 106dba
and optical detector 106dbc. In an exenplary enbodi ment, the controller
106dbd may al so denbdul ate the data signal received by the optical detector

106dbc. | attédmiaﬁngrﬂienﬁfnsmtsb@nophglﬁahtodat@t s'f geadpsicilaeisvedeerayot heén apt i cal
recei ver 106db nay be decoded. In_an ary enbodi nent, the optical

recei ver toutlamrmbadimentea yibsptar b@ﬁfﬂ@ fwheﬁﬁ@%%bet%@% thefhayaing do»and
spectral t{babsotR6#P e leflﬂ]tthgﬂlan% lﬂ@l%lyl:b%?‘f‘&bconﬁ'eﬂa‘tﬁ Mb‘f&lng%{; ectors

106dbc that provide para tlca pat recel ving optical data
into the nphneahowemﬂﬂwejatknmamdmxempMamynMammdbﬁnmhnemhewnﬂwﬂmWDpand

spectr al fllter 06dba, o i a vegui des 106dpb, and optlcal detectors
106dbc ey tassP Bé a?élaetsa i L‘bm@b ‘?ﬁéefﬁ%m% %dl{S‘ﬁ’P‘i mé‘a%‘?:ts?%’i‘n into N

spectr al Elﬁ@lﬁei’toéé‘%@}byweé{ﬂnﬁﬁlénge"%e%’lﬁdp%é' stRRETFENI QAL hprexehanpgel to
provi de N sinultaneous optical data channel's. I'n this manner, the sSystem

100 may peobodmenBDbe Yihrater éX@Enplagr he emoonientonal vibetaradedes. balmdagpect r al

filter 106dh | d | fil f
exampl o, Sreiies, PurERIET: pREER-R &Y BN ARG boi AR YRE Bt cal

wavegui devibphebiodfso at e yahike eacc@plliGal oMAYERIEdbey Siiti t? surf4e ogxanpl e,
an optical fiber. In an exenplary enbodi nent, the optical detector 106dbc

is a convwtmyg sneptshickd 10es sich @6, fonermple, atﬂtat@gmeélerarmgaw&eéctor I'n
an exenpl gx{ ¥ha‘?HB§rO{Sﬁ&%tegtc%ﬁn&%ﬁ%l&%lﬁémﬁﬁgﬂRﬂ I's a conventional

pr ogr ammabl e con or exa a m croprocessor and menory.
I n an exenpl ary enbodi mrent, a marine SnOM/ShIe|d 106e is coupled to a top
portion ohlmhe«hgﬂa&m@bbmﬁ&mnﬁhehﬁyﬂﬂﬂﬁﬂﬂO@ﬁﬁﬂwiﬁﬁhﬁbsamamﬂmnﬂ@@gﬂm&rine

snow fromattenuating the ran SS|on i f into e optica

transcei vé‘i‘"thj?%%lt hq Rousingelly %/Seélﬁ%ro%‘idﬁéﬂ St%‘CW%rl(g{ao 51(964’6 ShbSF%lr t her

coupl ed b@ﬁ%ﬁﬁﬂle&lhelohw%ngn 1Q8Aplary embodiment, the anchor 106g may be a
conventional anchoring device. In this manner, the sensor node 106 may be affixed to

a known and stable location within the subsea environment 104,

In an exemplary embodiment, one or more sensors 106h and/or actuators 1061 are
operably coupled to the controller 106b of the sensor node 106. In this manner, the
sensor node 106 may monitor one or more operating conditions of the structure 104a
within subsea environment 104 and/or control one or more operational aspects of the
structure within the subsea environment. In an exemplary embodiment, the sensors
106h and actuators 1061 are conventional sensing and actuating devices and the
structure 104a may, for example, include any aspect of a exploration and production
system used to explore for and/or produce hydrocarbons within the subsea

environment 104,

In an exemplary embodiment, the controller 106b may process data signals received
from the sensor 106h by, for example, scaling the data signals, filtering the data
signals, sampling the data signals, compressing the data signals, and/or encoding the
data signals. In an exemplary embodiment, the controller 106b may also process data

signals received from other sensor nodes 106 and/or the central controller 108.



of the sensor node 106 and the marine snow shield 106e for controllably
vibrating the marine snow shield to at |east reduce the accunul ati on of

mari ne srw@2010/R2g10t op surface of the mari ne snow shi el @CTIus2@/08M8e0pl ary
enbodi ment, the marine snow shield 106e nmay, for exanple, be cone shaped
structure. In an exenplary enbodi nent, the vibrator 106f may be a
conventional vibrator device. In an exenplary enbodi nent, other devices my

be used imadelietrﬂmmtemboarmémsaaelader@fm nddeel 06i dyainoludd @lurkidtyalf dneast reduce
the accunul ation of marine snow on the top surface of the marine snow
shi el d 1089 gk thegontrpliers dQgbnihe aC%S%ttr&m%geﬁr Hi9s1 theropsisel/ tanseeiv@gs er | et

that may begsPRES a6k ‘i@é‘%' 'ie{H%l%éc% udbrs 1061 ot d&@ﬁ?%ar% h&ﬁ n&égrgﬁ%:%gy

enbodi nent, the sensor urther |ncIu
anchori ngntohceohdmserrsgr iQ&a 106 mdyeneledlsa)plumaﬂdﬁ of t:heaop&balumw‘aevemn%dsm thin

t he subse nvi ronment 104. exenpl ar odi nent he anc 106g may
be a convEhiibmametnhssensoy n%?n @%mavﬁ aelﬁmé aﬁaﬁﬁ@eve ?H{@a@%a»gngaa% 106 rmay

be affixedhd fof $ﬂ9%t@6§'ot%&@§é‘n§or' R hRPordehFhincdnbtBlISY 983 8NYpEQMTENL
104. In an exenplary enbodi nent, one or nore sensors 106h and/or actuators

106i are opshagsvpricoupl ed to the controller 106b of the sensor node 106. In
this manner, the sensor node 106 nay moni tor one or nore operating

condi t1ong, gf L, Shr UELYY SishOIR SRR SRS ERY AL O, HRA AL

control one or perati onal GresWi thin the subsea

envi r onmesdnsor odee 1exem§vl adryexaﬁﬂp&glba’en)tcontlh@cmeﬂ)smrﬁodi@@hhartdnyaewat ors
106i are conventional sensing and actuating devices and the structure 104a

may, for ERaHBRENIYNDIIYHAteERY 2asyedioprYentexs othadrsAtiamef pPoblsEri%n syst em
d t d b
used to eéfi%%_e& ;Bg a%“éi!t%alp SHESi r%éﬂ LRGAs! ?d}he cfﬂ) [&OH@?@%%%% Sy

envi ronmen an exenp ary emnbodi nent;, t
process dq&ansmgmahﬁxneﬂmhwednﬁhmmmnhpMS@m&oﬁwﬂ@@hﬁ@malﬂg@&exanple, scal i ng
the data signals, filtering the data

In an exemplary embodiment, each of the central controllers 108 include a housing
108a that houses and supports a controller 108b that is operably coupled to an
acoustic transceiver 108c and an optical transceiver 108d that are both also housed

within and supported by the housing.

In an exemplary embodiment, the controller 108b is a conventional programmable

controller such as, for example, a microprocessor and memory.

In an exemplary embodiment, the acoustic transceiver 108c is a conventional acoustic

transceiver.

In an exemplary embodiment, the optical transceiver 108d is substantially identical in
design and operation to the optical transceiver 106d. In an exemplary embodiment,
one or more of the central controllers 108 may include a plurality of the optical
transceivers 108d. In this manner, the central controller 108 may transmit and receive
optical data signals to and from a plurality of sensor nodes 106 and/or other central

controllers in an optical mesh network.

In an exemplary embodiment, the central controller 108 may also include an anchor

108e for anchoring the housing 108a of the central controller to a structure 104a
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signals, sanpling the data signals, conpressing the data signals, and/or
encodi ng the data signals. In an exenplary enbodi nent, the controller 106b
may al so wocosgr1giat a signals received from ot her sensoPChnate®oDSBo@and/ or
the central controller 108.1n an exenpl ary enbodi nent, each sensor node 106
may include a plurality of one or nore of the controllers 106b, the
acoustic transceivers 106c, the optical transceivers 106d, the sensors

106h, andwifhih thetsubiearehvikOfhent! I4aninexediehpl ity embdodiniennt the @ehopr108er e of
t he sensor nodes 106 nmay include a plurality of the optical transceivers
106d. | n WY dernpeentieisb aawsige devige 1nshiganannen fageentiah gonteadtlsr V@8 opt i cal

data si anals pEarAld b6 My B b seab QLAY S SASEE cfOflER AN er central

controllers in an optica network. 1n an exenp odi ment, the
operation of the optical transceivers 106d of the sensor nodes 106 may, for
exanpl e, bean Qenpdary iembodisneny thgpegar odifacewatevag 1d0¢ yag yodledd @sorintae uni ty;
3) initiated by an exception event - e.qg., the detection. of a.problem or
2) 1 ni 1] aPGUsty BHOBEE SPAEH TEBMEETS Lot suDIGRTSL TeBPcL i ARHER 389 Ui que
frequency OF&@@&I{ VY &TSAE Bh® Upticafframideivbis! BGRNMNE 1081 SRspeRfivay N the

vi brational signal. In an exenplary enbodi nent, each of the centra

cont rol | epensao®dendPude a housi ng 108a that houses and supports a
controller 108b that is operably coupled to an acoustic transceiver 108c

o CEMhSSARA AL, IEky g SR e IRt et o,

support ed n’an exenp e contro
i S a conveptidabnahsdeivegy drraibd sulestaitialdy lidentisaichn dssigif and exparpbe,to ahe

m croprocessor and nenory. |l n an exenpl ary epbodi nent, the acousti
transcei v&P! grenﬁcgl_vsrscl&ﬁééﬁtﬂilf‘oﬁéﬁorazwﬁ% pitg tggawé?@%@ of P ATER Ogsk@frp lary
enbodi ment e b RErPREdARhg Pa'iﬁ’b@ﬁ@e_{l‘é nafs @R bﬁt_ic%}'%ﬁs%&%@';Joyitibﬁ’&f‘&t'#géﬁ't in
desi gn and operation to the optical transcelver 106d. I'n an exerpl ary

enbodi nenteptbneithin thesuwbsed etvivenmentt ¥l control l ers 108 may i nclude a
plurality of the optical

In an exemplary embodiment, the transmission of optical data signals within the
system 100 using the optical transceivers 106d and 108d may be made more robust
through the use of error correction techniques such as, for example, forward error
correction coding and multi-band redundant transmission with redundant
transmissions staggered in time with respect to each other to counteract possible

outage correlations in the optical communication channel.

Referring now to Fig. 11, in an exemplary embodiment, one or more of the optical
transceivers 106d and/or 108d of the system 100 implement a method 1100 of
operating in which, in 1102, the system determines if the power level of the optical
transmission of data from the transceiver will be set manually by an operator of the

system or determined using a look up table.

If the power level of the optical transmission of data from the transceiver will be set
manually by an operator of the system, then in 1104, the system 100 permits the
operator of the system to enter the desired optical transmission power level and then
the corresponding optical transceiver is then operated using the optical power

transmission level in 1106.
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transceivers 108d. In this manner, the central controller 108 may transmt
and receive optical data signals to and froma plurality of sensor nodes
106 and/ owoabtwarigientral controllers in an optical meshPOEUSRE0R/051800 an
exenpl ary enbodi nent, the central controller 108 nmay al so i nclude an anchor
108e for anchoring the housing 108a of the central controller to a
structure 104awithin the subsea environnent 104. In an exenplary

enbodi fTEnlA,ltefﬂaﬁVéWlChiofthej-%ﬁleﬁﬁyvdlleofaﬂ@@pﬁmit@zﬁﬁfm@i’tﬁh@fida@ desmcle I n this
manner, the central control]er 108 may be affixed to a known and stable

| ocati on HRRSsRiver wal Eﬁﬂg@an@ﬁdlwlaaﬁéﬁpk ¥p4able, rfh%zhﬂ@ﬁéfﬁtﬁmawermm%dhﬁem the
e ot § BERIAEYEY el ko A0 Er FFanfiRAE.1BS HSHih R LBlcch"
optical transcelivers t stantia ?y I denti cal es
operatlonc@nmmhﬁammopmMMQyandxpmmnnghhdbpmﬁﬁenmemswrk@ﬂcbamﬂemﬁﬁ@1n

respectivel t he sen r n s 106. | ar i ment, .the near
surface giﬂ(igma her gt ‘?P&y @o‘gelbﬁ@teé‘im%ﬁ@ g F‘}C)'HF %/a]teaggrc & 8PYY hat are
subst ant i @hhuhRemsd %Qﬂhvda? 1@@&?&%@@%@%%@&1 'tPa'ﬂsée%eTr hGil10B¢ oparatihg amscei vers

106d of the sensor nodes With the nodification of a |large optical aperture
for recei ViHy Thei systemptdOcwill tbctgh&kslpfﬂn@mrtqspcmdalg eptizalspoeTey dtagsmisspe | oned at

Phe 1 raniivak bt lsPront 0l SERET MARIE l 12, oehafl SHEI WBb%sEMG e

optical tbpasesi Yerthe Jsaﬁgkaaaeblrbaﬁfénmm br el exiva ged@businbbhnadahet he use
of error correction techniques such as, for exanple, forward erraor

correct i 0ACCEB@blegaimRITORTRCI COFRHPNEEEA dAEOM PN §3H O8I VAN INBOTPR@HIAEant
transm SS n | | e t (] er act
booss ) o UBTBRRPRL S ol bRy ohcERe s A e R

Ref er ri ngtheaptital powgr trddsmikdioaieveXesnp tiarlgoleopadiemritipoone or nore of the
optical transceivers 106d and/or 108d of the system 100 i nplenent a nethod

1100 of operat g A Slnidhe 12t SY5H SIS BASD L1Seover

corresponding optical transceiver 106d and/or 108d, the controllers 106b and/or 108b,

and/or by a remote controller operably coupled to the network 110 through the
network 110d.

In an exemplary embodiment, during the operation of the system 100, the optical
communication pathways of the network 110 are operated using WBDM by dividing
the available bandwidth of the optical communication pathways into N different
spectral ranges to thereby accommodate N different simultaneous optical data streams

within the optical communication pathways.

In an exemplary embodiment, WBDM is provided in the optical communication
pathways of the network 110 of the system 100 using N optical waveguides, 106dab
and 106dbb, in each of the optical transceivers 106d such that each optical waveguide
captures approximately an equal amount of the optical power transmitted
therethrough. Each of the N optical waveguides, 106dab and 106dbb, are then
operably coupled to corresponding narrow spectral band filters, 106dac and 106dba,
respectively, thereby providing N narrow spectral band filters, 106dac and 106dba, in

the optical transceivers 106d.
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transm ssion of data fromthe transceiver will be set manually by an
operator of the systemor determned using a |look up table. If the power

| evel of wbeompRigial transm ssion of data fromthe tran®ceiuses0onsisho be set
manual |y by an operator of the system then in 1104, the system 100 pernmits
the operator of the systemto enter the desired optical transm ssion power
| evel and then the correspondi ng optical transceiver is then operated using
the opti calis pav@stobd &fas Mus@ionn nlag el made ih k06 atvieariftadut depaytind frohie povver

| evel of the optical transm ssion of data fromthe transceiver WI | ]

det er mi ne&ARs§ichiheanyeienu PV kisphirecific s odieensy Baverhege sy mekdesag qﬂen ov
nunber CcoprASRARGINGNUR hAR @PBE@&IE il tHQ"eIR%ﬂ{]o%dlﬁﬁhrHﬁg/ﬁBmttﬂﬁ sﬁigﬂt' cal
conmuni cat 1 on pa way | ncorp atin e optical transceiver wll e

oper at i ngot n:adhiﬁ)@ of ﬂfheuwystﬂmﬂ@(émhoﬂimﬂﬂmeu distdyea erne ekd‘r&pld@t a@nlgmndr rate

for the opti cal cation,. path corporatin . transceiver
will be opérigtl H@‘UP iigind Val‘rﬂé‘P \é\ﬂéﬁ?‘g‘égﬁ)ﬁ%ﬁ? arg H%Sg 6‘9@0 gi? a.l@ the
corres pongléd%g Pk (iﬁ‘lzen%i»i\/e!&c&ﬂréﬂ%m Shd @Ebﬂeeé/febro'té&uén i 9kt HHn&aé%%@t ored in

menory in 12 that will permt sSatisfactory operation in the subsea
envir onnenme®meﬁ‘t§rdetS¢réaegt betnlSJ@ﬂY élmltvddb’eﬁleanh@inlsrtbata@ﬂem diel scodatod err or

h . i h i cal
[ ansoor varcmtat st s niR AR Bttt P U TR an oper at eq. usi ng

the optical power transni ssion Ievel fromthe look up table in 1106. In an
exenpl ary enbodi nent, the nethod 1100 nay be inplenented by the
correspondi ng optical transceiver 106d and/or 108d, the controllers 106b
and/ or 108b, and/or by a renote controller operably coupled to the network
110 through the network HGOd. In an exenpl ary enbodi nent, during the
operation of the system 100, the optical conmunication pathways of the
network 110 are operated using WBDM by dividing the avail abl e bandw dt h of
the optical comuni cation pathways into N different
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spectral ranges to thereby accommodate N different simnultaneous optical
data streans within the optical comuni cati on pathways. In an exenplary
enbodi merwQ 20BDIYIs18 provided in the optical comuni cati @eaTasLémwaysoof the
network 110 of the system 100 using N optical wavegui des, 106dab and
106dbb, in each of the optical transceivers 106d such that each opti cal
wavegui de captures approxi mately an equal anount of the optical power
transm tt fedHAMGs tllKkiowEgh.ISEach of the N optical wavegui des, 106dab and
106dbb, are then operably coupled to correspondi ng narrow spectral band
filters, 106dac and 106dba, respectively, thereby proyi.ding N narrow
spectral Band 4 FY¥§8, 101 0BERETHId 01D 6 bR OTe; APFRRIS SPREEPNY (A fs E@9SFRr s
106d. 1t i . .variations may be made in the above w thout
departingé?ﬁgﬁﬁ%ﬁgggggggﬂgf the invention. Wile specific enbodi nents have
been shown and descri bed, nodifications can be made by one skilled in the
art w t hoane deparetsengpr iroden dsgiospd withinghe sdmehemgronmentiegch sepsmtnoder. The
enbodi ments _as .descri bed are exenplary only and are not limting. Many
vari ati on§?BAE"Nodi fi cations are possible and are within the scope of the
i nvention. Accordingly, the scope of protection is not limted to the
enbodi nents adesstici tadceibert for Stramdyttihg Mntedcdyingha&oastid signdlbatitiial thow, the
scope of which shall include all equivalents of the subject matter of the
cl ai ms. WHAPSPSCIOIRNIEDY: | S: 1. A system for nonitoring one or nore operating
conditions in a subsea environnent, conprising: one or nore sensor nodes
posi t F onedy Wil RahfieiH RS GAnSMHEAL BIP Rlev RRCURENT Hal QAR CRERENEA NO: BN
acoustic transceiver for transmtting and receiving acoustic signals within
t he subseanwrnireohnent; an optical transceiver for transmtting and
receiving optical signals within the subsea environnent;

a sensor for sensing operating conditions within the subsea environment; and

a controller operably coupled to the acoustic transceiver, the optical transceiver, and

the sensor;
a communication network operably coupled to the sensor nodes; and

at least one central controller positioned within the subsea environment and operably

coupled to the communication network, each central controller comprising:

an acoustic transceiver for transmitting and receiving acoustic signals within the

subsea environment;

an optical transceiver for transmitting and receiving optical signals within the subsea

environment; and

a controller operably coupled to the acoustic transceiver and the optical transceiver.

2. The system of claim 1, wherein the communication network comprises a mesh
network.
3. The system of claim 1, wherein the communication network comprises:

one or more substantially vertical communication pathways; and
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a sensor for sensing operating conditions within the subsea environnent;
and a controller operably coupled to the acoustic transceiver, the optical
transcei Wwe0,20emd181he sensor; a comruni cati on networ k opecahisgooeosyshed t o

t he sensor nodes; and at | east one central controller positioned within the
subsea envi ronnent and operably coupled to the communi cati on network, each
central controller conprising: an acoustic transceiver for transmtting and
recei vi ngoacouableGubitgnalls hotiksital dohensiiddsiea petviaggnment ; an opti cal
transcei ver for transnitting and receiving optical signals within the

subsea enV|ronneg and a control|er oEerabI coupled to the acoustic
transcei vahemsiy thyeepifial Commynicadion; pahways prefqminapdly o FYBPTISY AFMSHC wher ei n

the comupiGalhRRHAEINRRYs GagPr i ses a mesh network. 3 . The system of claim
1, wherein the conmmuni cati'on network conprises: one or nore substantially

vertlcal communi cati on pat hways; andone or nore substantially horizontal
connunicamm@mhpahmmmysmthememnnth@MVmeM@a$IE@hmunm&th@mp@athn@¥%

predom nantly co oustlc comuni cati on channels; and wherein the
horlzontafo%%WﬂﬁnF%b?a8ﬂeﬁathmays predoni nantly conprise optica

communi cation channels. 4 . The systemof claim1l1l, wherein the

communi cayi on Maé watdtn 6OERIM $eSherginNBAEonS lhidSeonCrdNbIRi vaipriess: gat eway
positioned near a surface of the subsea environnent operably coupl ed to one

or nore of the vertical comunication pathways. % ystem of claiml,
wherei n oASF SHERee a?mpw@w@%ﬂ%cgat%@degosewfi.%f@r A %Cteua dhe pEseact uati ng

el ements whiPnthehh &petBRL & oMkl M RNBRETorORRIARNEY tHOWRKRA Bmmunication
pathways.

5. The system of claim 1, wherein one or more of the sensor nodes comprise:

an actuator for actuating elements within the subsea environment operably coupled to

the controller.

6. The system of claim 1, wherein one or more of the optical transceivers of one

or more of the sensor nodes comprises:

one or more optical transmitters comprising:

one or more light sources;

one or more optical wave guides operably coupled to each of the light sources;

one or more narrow band spectral filters operably coupled to each of the optical wave

guides; and

one or more optical shutters operably coupled to each of the narrow band spectral

filters; and
one or more optical receivers comprising:

one or more narrow band spectral filters;
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the controller. 6 . The systemof claim1, wherein one or nore of the
optical transceivers of one or nore of the sensor nodes conprises: one or
nore optiwel2otwensmi tters conpri sing: one or nore |ight PEDMISCE@Y/0530& Or
nore optical wave gui des operably coupled to each of the Iight sources; one
or nore narrow band spectral filters operably coupled to each of the
optical wave gui des; and one or nore optical shutters operably coupled to
each of t bge samoevwpiaildvaRetideslopéiablyaioipledisleRhof Gie wadfoRy BRidispadtral ecei vers
conprising: one or nore narrow band spectral filters;one or nore optical
wave gui d8§esp@dabl y coupl ed to each of the narrow band spectral filters;
and one or nore optical detectors operably coupled to each of the optical
wave gui dgge orfmore pGcaANRIRMrObpritd] Bohled 38l Br AL Spial WRALE oOfied Ne opti cal
transcei vers conprise an error correction coding deglce. 8 . The system of
claim6, wherein one or nore of the optical transceivers conprise a

mul ti - band. t r ahberisystem, o claimhe, sypsteemoné al mora 6f thshepacal wanscaverpor e of
the optical shutters conprise .K@{r.cell. 10. The system of claim 6,

wher ei n oﬁgn@ﬁﬁﬁﬁ??%ﬁm?'%K%ﬁPﬁgglegﬁﬁtters conpri se a Mach- Zehnder
interferoneter. 11. The systemof claim®6, wherein one or nore of the
optical sButtelie Gospmi € cRiimeb eoherimbaordt inore 6DAkE apcal ttahscelid@s syst em

of claim1l, wherein one or nore of the sensor nodes conprise a
comprise a multi-band transmitter.

9. The system of claim 6, wherein one or more of the optical shutters comprise a
Kerr cell.
10. The system of claim 6, wherein one or more of the optical shutters comprise a

Mach-Zehnder interferometer.

11. The system of claim 6, wherein one or more of the optical shutters comprise

an electro-absorption modulator.

12.  The system of claim 1, wherein one or more of the sensor nodes comprise a

plurality of optical transceivers.
13, The system of claim 1, wherein one or more of the sensor nodes comprise:
a housing for supporting the optical transceiver; and

a marine snow shield coupled to the housing for shielding the optical transceiver from

the marine snow.

14.  The system of claim 13, wherein one or more of the sensor nodes comprise a
vibrator coupled to the housing and the marine snow shield for vibrating the marine

snow shield.

15. The system of claim 14, further comprising a propeller device for removing

snow from the marine snow shield.
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plurality of optical transceivers. 13. The systemof claim1, wherein one
or nore of the sensor nodes conprise: a housing for supporting the optical
transcei weo;20emd1s&aonmar i ne snow shield coupl ed to the hoesirng2d0058hé el di ng
the optical transceiver fromthe marine snow. 14. The system of claim 13,
wherein one or nore of the sensor nodes conprise a vibrator coupled to the
housi ng and the marine snow shield for vibrating the mari ne snow shi el d.

15. The systenTaé sgdtamnofledaint U4t hiethet 0ompliShgg Ratpr fupebt Bdmelend egow or
removi ng snow fromthe marine snow shield. 16 The system of clalm 14,
further cHRprthemeaging soRw shieldet for removing snow fromthe marine snow
shield 17 The systemof claim1, wherein one or nore of the central

controlleqs COFREi e B Widh' 1Y vHer@Rtdfelbr b GBSGEEEESrE DnfiBlidted Of

operating a systemfor nonitoring one or nore operating conditions within a
subsea envompmseenplprabonpidpsicalgrapsssitdroni ng one or nore sensor nodes within
t he subsea environnent, positioning one or nore central controllers within

t he subsea,envi,ron t,.and transmtting optical signals between.the sensor
nodes. and Ehe. CeMIT BEHPFBITES Yue e vBORGASE oFF it PERiRer

conpri si ngoddi@ssWitHih AGutRe ¥stitdhnfengtamprifiagween the sensor nodes and the
central controllers 20 The nethod of claim 18, further conprising

wavel engt h band di vi si on nultiplexingrthe transmtted optical signals 2 1
The net hoBOBHOMNHPRE AGNORFLRIE PO TR thegubtsRENWT N GYe or nore of the
sensor nodes frommarine snow in the subsea environment

positioning one or more central controllers within the subsea environment; and
transmitting optical signals between the sensor nodes and the central controllers.
19. The method of claim 18, further comprising:

transmitting acoustic signals between the sensor nodes and the central controllers.
20. The method of claim 18, further comprising:

wavelength band division multiplexing the transmitted optical signals.

21. The method of claim 18, further comprising:

shielding one or more of the sensor nodes from marine snow in the subsea

environment.
22. The method of claim 18, further comprising:

controlling a power level of the transmitted optical signals as a function of one or

more operating conditions within the subsea environment.

23. A sensor node apparatus for monitoring one or more operating conditions in a

subsea environment, comprising:

an acoustic transceiver for transmitting and receiving acoustic signals within the

subsea environment;

17



22 The nethod of claim 18, further conprising controlling a power |evel of
the transmtted optical signals as a function of one or nore operating
condi t i orsOowntoizmibhe subsea envi ronnent 23 A sensor noO®ETASP@EAS1380 f Or
nonitoring one or nore operating conditions in a subsea environnent,
conprising an acoustic transceiver for transmtting and receiving acoustic
signals within the subsea environnent,an optical transceiver for

transm tt kngpécd taeeeivet RE tPbhiahg Shd)reativing dptichl difelswhb@ahesviseonnment ; a
sensor for sensing operating conditions within the subsea environnent; and
a controlF@ﬂ“@ﬁEﬁgbly coupl ed to the acoustic transceiver, the optica
transcei ver, and the sensor. 24. The apparatus of claim 23, wherein the

sensor nodeeRARI{aRAis A ARkUBhAliof OLIRGLHALIIG, EhATEALS. W hi n the subsea

envi ronment oper ab led”to the contro 25. The apparatus of claim
23, wherein one or nore of the optical transceivers of the sensor node
conpr i sesa contgolter aperablyogstuiptedl tOttEem@msm trassceigap ithes pptipal barsceiverané | i ght
sour ces; ﬁ%e or nore optical wave gui des operably coupled to each of the

li ght souf¢e§™%ne or more narrow band spectral filters operably coupled to
each of the optical wave guides; and one or nore optical shutters operably

coupl ed t 94 eacThehppdigunaf ¢1giwi TR Rchesde tHersahsok nbdetsnaprsegdd one or nore
optical receivers conprising: one or nore narrow band spectral filters;

an actuator for actuating elements within the subsea environment operably coupled to

the controller.

25.  The apparatus of claim 23, wherein one or more of the optical transceivers of

the sensor node comprises:

one or more optical transmitters comprising:

one or more light sources;

one or more optical wave guides operably coupled to each of the light sources;

one or more narrow band spectral filters operably coupled to each of the optical wave

guides; and

one or more optical shutters operably coupled to each of the narrow band spectral

filters; and
one or more optical receivers comprising:
one or more narrow band spectral filters;

one or more optical wave guides operably coupled to each of the narrow band spectral

filters; and

one or more optical detectors operably coupled to each of the optical wave guides.
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one or nore optical wave guides operably coupled to each of the narrow band
spectral filters; and one or nore optical detectors operably coupled to
each of tweomazesaab wave gui des. 26. The appar atus of cl CEUR2009WBSP&I N one
or nore of the optical transceivers conprise an error correction coding
device. 27. The apparatus of claim 25, wherein one or nore of the optical
transceivers conprise a nulti-band transmtter. 28. The apparatus of claim
25, wher eRs. onghokpp@es of cddi@ DNtWIERéinIndtdrehereCepeidpeical tarsceieak! . 29.
The apparatus of claim 25, wherein one or nore of the optical shutters
conpri se SONBEY-PHINIEPITEGH08cPAMEMEYIEE. 30. The apparatus of clai m 25,
wherein one or nore of the optical shutters conprise an el ectro-absorption

rodul at or o731 TRDG,AARAL UMl 26 e InellienBleNit e HERAFaiAdBGOMDY | ses

a plurality of opt nscei vers. e apparatus of claim 23, wherein
t he sensorompule confprbadsranamhgosi ng for supporting the optica

transceiver; and a marine snow shield coupled to the housing for shielding
the optic trapscei ver fromthe rine. snow. 33. The apparatu f claim
5. wher ot t nANS RRUALoe Tebior T mhHEing PR ar oreclion B8R HuRbuci ng and
t he narinemﬁp@%“ﬁmaebaLfor vibrating the marine snow shield. 34. The
apparatus of claim 33, wherein the sensor node further conprises a
propel I er _device for renoving. snow fromthe marine snow shield. 35. The
appar at us29f cilhe mpgaatuphelr slaim the WeigHr offoQE Mefet Plethec B8R SBYMYS wat er

jet for renmykad SRoNZERRY IR&GdBhLRE snow shield.

30.  The apparatus of claim 25, wherein one or more of the optical shutters

comprise an electro-absorption modulator.

31 The apparatus of claim 23, wherein the sensor node comprises a plurality of

optical transceivers.
32.  The apparatus of claim 23, wherein the sensor node comprises:
a housing for supporting the optical transceiver; and

a marine snow shield coupled to the housing for shielding the optical transceiver from

the marine snow.

33.  The apparatus of claim 32, wherein the sensor node comprises a vibrator
coupled to the housing and the marine snow shield for vibrating the marine snow

shield.

34.  The apparatus of claim 33, wherein the sensor node further comprises a

propeller device for removing snow from the marine snow shield.

35.  The apparatus of claim 33, wherein the sensor node further comprises a water

jet for removing snow from the marine snow shield.

36 A method of operating a system for monitoring one or more operating

conditions within a subsea environment, comprising:
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36. A nethod of operating a systemfor nonitoring one or nore operating
conditions within a subsea environnent, conprising:positioning one or nore
sensor nodeWI/RIEIN t he subsea environment; positioni ngPCMAISN09/61860 cent r al
controllers within the subsea environnent; and transmtting signals between
t he sensor nodes and the central controllers using a mesh network. 37. A
systemfor nonitoring one or nore operating conditions in a subsea

envi r onmepbositi GHAP b SOHMNPore@BEs 00 hod@ A tEL IRGUbRAGESI r@Asdd] oned W thin the
subsea environment; at |east one central controller positioned within the

subsea; and.a nesh network operably coupLed to the sensor noqfs and the
central cB8AfEYINgpne or more central controllers within the subsea environment; an

transmitting signals between the sensor nodes and the central controllers using a mesh

network.

37. A system for monitoring one or more operating conditions in a subsea

environment, comprising;
one or more sensor nodes positioned within the subsea environment;
at least one central controller positioned within the subsea; and

a mesh network operably coupled to the sensor nodes and the central controller.
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