Sensi ng system The present invention relates to an
undersea seism c sensing system in particular to an
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arrangenent. According to one aspect of the present
invention, there is provided an undersea seismc
sensi ng systemincluding: a vi Bration sensor for
sensing seismc vibrations on the sea bed; a
transmtter unit coupl ed Benéifgsydihat i on sensor, the
transmtter unit being arranged to transmt, in use,
an acoustic wave fromwhich the presence of a seism¢c

Vhé) pAiseANin0&tioRgelafsetorfoundefsba soidrhietsBhsiRg system, in particular to an
qgan enent, for retainin éhe acoustic transmtter

SElSTigiSeRPT Y IBFuqing adiotation grangeraey. bed.
Further aspects of the invention are provided in the
[ nve%tl on will now be further described,

| ai ns.
SpctitiFia e e cBPEE of M Flsprrivagian Hieisgs rovidad & dndersea seismic
Eerwufgesyﬂstéhqrwucﬁngi Cﬁrmbi’éﬂbﬂtééh@@r foY TeRShg Gerhfié R}%réﬂbns on the sea

resent inyentio ure 2 shows a stem f or
é%‘ﬁé#p LR sttﬂ't&%'sgé ‘Hbréﬂ%ﬁfmsé’{alth%é%ﬂ‘&'#a'éwl"i bging arranged
fd tgarsenit3 lrsbw\&naad@aﬁWa\F@irm thlémth'é' freséhcd of %e%iﬁc vibration can
éea optical, caple, 16 extends gcrrer the sea bed

EIIB7od o o1 THIGaIog" rJELTe e, SeRiEhp daneitr unit in s

eiseaiqshibh Celbiivanteihid $&f bek)4 such that information
signals indicative of a sensed seismc event can be

transmtted by the transmitter trough the water in the
Fartier afspacte ustthe im@wtion are pidvileddhhe! IdRARAE EFhe Trh/%ntlon will now be

us ces ul e I| ht carried by t he
fiipedesinfpd wihgaRETRe bt Glowng fidvies lenBicron 10
| ocat Egurreefhﬂicﬁﬂsya écvmmuhnbetume%@st‘ah&d@otdm ﬂoltﬂé‘brdsént lnventlon
rmdu efer abl?/ 3 o] nt aboye the sea | eve
The-t P2 RhEKS Zoayslart SorSseRindcncbtols iy i gy el waveguide
t her elakk. 103 froma float 106 by a cable or other link
retain the t a'(tr;smtter above the sea bed,

109
t he f&gﬁ%rﬁ q?°é‘fs %?%Fsv%w eing configured to

transmt in an angled downward direction towards the
(al ternativel. te{A)Ot be i nte RY

Srda G B e P PR e SRandS oot Sebchetssnspr 102 on the

$am dreis eldutrcatpsoupled haagw éd:oum;?ﬂrd'nshﬂttdm dulR that information signals
on a_be The sensor
DEBARE b & psPied BFisH eliilea G fanemiedds BBSrSrsmiter wough the
Watedm (3151 fca'ml sfiracoustid maves ror dtiterr disurbasieed. OTHde hesdstit gilsturbances
t,| sensor rod ces anelectrica

Bel R Vafy Safef eyl b, BRUSH dBEREd i &R5LTER 2n 12 located
ewehely <Eram the atea aberxdtheTighis modulated, preferably at a point above the sea
level.

The transmitter 104 is suspended at an upper portion thereof 103 from a float 106 by a
cable or other link 109 so as to retain the transmitter above the sea bed, the transmitter
preferably being configured to transmit in an angled downward direction towards the cable
(alternatively, the float may be integrally formed with the transmitter). This makes
transmission to the cable easier than it would be were the transmitter on the sea bed.

The sensor 102 has a vibration detector in contact with the sea bed so as to detect
seismic vibration. In response to detecting a seismic vibration, the sensor produces an



signal is coupled to the transmitter unit by an
electrical conductor. The transmtter includes an
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in response to the received el ectrical sensor signal,
whi ch acoustic signal is transpitted as an acoustic
wave by a transducer el enent of the transnmitter unit.
The acoustic wave is carried through the sea water and

él@&%ﬁééﬂ%gﬁé&fs@ﬁbl fedth t\nﬁhﬂih: tRe plge:s@hée bf aﬁ!&bﬂnid’@/eﬁ{ @e\?gb@detected This

ui de o optical ca under goes . a

?q%uthHH'eﬂy ﬁ'@ g@‘?ﬁj“%‘ft?rc UW&&! 1 SiFdtical tqoaﬁ%%eﬂ he transmitter

ihEladdy anestirdge citdid fbls?1 rféfrétﬁfg% adoustid Qpﬁ‘él uﬁf&s‘pbﬁ& to the received
ous; cabl e

hereof to the en_ a stee

'Gi ?e%%f‘%%s' E'ﬁf; tagaustic %%'?ﬁlt'% dangmiited s ar@gpystic wave by a

tt’ansaum eldhigntsnge® Erah§m?ﬁ€r‘ ofit. emesaboa&ud Rate RPcdrA&d through the sea
Sensor sea

water §%é’e3téﬁ4gepﬁ€|ag§%§)tg ghtéqavglﬂrég falpggua v&qyggglpg of thfe optical cable
WitREgRs i bHERE PRUHRIEIEN B tINScRBRS NRIve oWt iheltRAbdldee

sensor is sufficiently heavy to remain at the sea bed
under the upward force provided by the float 106. In

are ménsmmﬂomas @étb@duraeatlowegr p??ﬁtﬁft?bﬁéowtfﬁhiﬁéltseﬁéor(ﬂohglhg by a steel
evic V o retaln e ower en

e 108, i 880 bR dhe Fopsmite oot ihe,ensor Rowsiggdine sensor is

Wﬂgl@ted (s@bé§td\/kéép e §¢tfsf)r edsting | dgamisp e ééa@ﬁe@xalgi@' Weighting of the

AR By S 0T S U Bkl one anoter,such

thpivedsérebe & @mmerﬁ@dhéawttlﬁ&eﬁiaﬁﬁbt e e bedain@anthe upward force
ce 0

t t he th
BVaeS Sy IRE R ohcr tonan ARl cBioot et B aeBsrats, weight or other
a:rtcheﬂnwaémbe ”fshmomdmn‘e{btrﬂhe%\hér e‘ﬁlﬂﬂﬁ{th@é&ﬂe 805 at a point on the sea
orce t e tran

it SRt CER palBe shiepticarir (opexp@PRnp e fraters or a fow tens
dsfrrael:em) tsueh thatlthe ifloal reieairs Below seadgveTEAber re!‘shl@ of the upward force
PP FAC e AL Y 5 H 8l LR e e
(poovided ihyetheeweightdd fdenadr. orﬁbtgelrr Pask) MO8 dther hand, the transmitter will
SR SOBRSPLT D (HEL, o P PR AR - e corec
orfeatationi tRIefemJalysttlae itnansrihifter s:lnlk:mnlbplehlﬂ eairk b%dyemem%er the transmitter

ti cal t S i C ave, been
SRR PRI i RS BB or b

sEcutediglthd fethespat @oati N Figure 2 is particularly

effective in detecting nodul ated phase changes,

anot her system coul d be used. Furthernore, properties

Kigurei 8 shousha rconiraumicdtiane syatﬁnbammmduﬂhat mhsbytrzhfimitter unit will be

SRS 2 P BRI, P R0 5%Bon 1 pesontured o
rdetive bcodshealhymctdn‘cemglgsalaWhmm HeXeibeeh agpliedato appdpticalllink 16 using
the %&o%la}é;r é‘ﬁré@eﬁeﬁpor,&lthough the system in Figure 2 is particularly effective in
detecting modulated phase changes, another systefh could be used. Furthermore,
properties of light other than phase may be modulated by the acoustic wave and
subsequently detected by an alternative arrangerhent to that of Figure 2.

in more detail, the monitoring station 12 includes an optical source 18 with a short
coherence time (random phase changes in the output providing an irregular component to
the signal). Sensing signals (waveform portions) from the optical source 18 are fed to an



coherence tinme (random phase changes in the output
provi ding an irregul ar conponent to the signal).
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source 18 are fed to aninterferoneter stage 20, here a
Mach Zehnder interferonmeter having a first path 24 and
a second path 26. The interferdmeter 20 includes a

first coupling stage 28 for coupling optical radiation

ibﬁtrrﬁﬁmgbtéhﬁgg@m,gﬁre %\_CMé@fZérﬁ}def hﬁe_rférd&rﬁéteflﬁﬁviggﬁqlﬁéﬁ path 24 and a

a , ,—and a_Si a rocessi Ng, syster . or .

FRGRT vait 28y | Ty TSRO R AB AVGIScE fest CURMIY lage delpr coupling

cggtman rIa_hfatiS:ii) vementthe optides ts?@r@u nlsi, _trtﬂet fﬁ'ﬁtﬂﬂﬂihgé’coﬁlﬁltp%tﬁsztﬁ 26, and a
Irecti ona 0 I | ens I, r, chnannelli ng .

ot BracPBiing REsteiac. Ao dabt tavelBoih o daurc Anediian ik, away from

taé,sdoaﬁ;e, tthe figétv‘@fupﬁn’g eﬁgb zsabbtsb?bagdisdw?ﬁa ﬁdéve’;l (intenhsity) splitter,
e .ermn nner, ere | a . rati o. I ac

e Rale et FaatiByppiival s dA11S sagh 6ene@altis 2. 4pyiBR power to each

pathieeingtshanedlin atphedetrhriied masnet didre ¢h £80B0trARs. t here

is a first copy and a second copy, the first and
second copi es being duplicates of one another. One

K-:drpaecP r@gmill @rcﬂ/:idwgoyi tg@ 6dtib§|ts(;ﬂ?de?1§g16w‘@\}eﬁttirﬁé" mteAiCthat signal is
co raye al on e seco a : econ . X
iR 3 a8 =L Somieieabacon coBighe R PRdpecond copies being
htlivates 102 bee ?hftﬁén _aO{ie %fsp\pfidveg@bbﬁ%h i Er%ﬁpétﬁdztmhilst the other copy
out put 0 [ roneter, ich output is. i
ifhcona heceacht gth 261 A Saend sounlie gl b v8rivechfpr coupiing
light beivebnrthe ficst dnd @etoranpathd erf,_cmlh ?hig 28 cﬁﬁ;ﬁgqsswttm trﬁerferometer,
. , C [a] the || rom-t. I r an
368 LR LoRREIER 4 187 ot I "eonbPn e Faflingh the forward
dii’mtid:r})ttl&r f.:cmplingeﬁtﬂge ago mlats a‘ls%coriﬂiﬂerz ic?mbinp@tthe Gghttffodn the first and
i nt t as.a gdel ay sta or.increasin
LA PRI BARNY R TnE ot i v brhraRaR Sout 135, The
firstt patie of mbérlxqtéi'fe&tne@rmas_ex:dm?iy sta?@flﬁm @rsﬁ@ﬁng?&e tdadi8it time of light
. t t, t r light trav I n
BlElhob AR bpIRRY vt HGEanSecordonbi Fgese 2 o, such that the
trdvesit fimesfor jigitt ItraSZdIIirtde&the% tre cdupivy $thgess2q; A3 i !thelQﬁong the first
j I d tical source, t .
8% 28083, 12l VR BES Y, 2 58%, UL SEi A o e opten
sooipies ther iateaferaneten2@ baved toedelsy %mme the ;sjg,gat d:upieﬁf gtztilve to the other
' i NQ: j t tQ . j i £ferent
90550548 SobhATES S PR o WP b f e s to one
atettey. i nposed by the delay stage 134 is nuch greater
than the coherence tine of the optical source 18.

Thus, when light travelling along the first and second
TPt hddiianal &differbintied)ddédgy irposed dynitie cdelgyl stage IBade nLish, greater than

] bet. Lght -travel | in lo t he .
(REAIRL BHERERE PR BLRGAL B BP0 g th st anc
seicors pathe isrtesomipinedtbyr the Isacondcheoupbing stage € 30j the)intelference between

j ' i nat | he second .

AT ISR o B30, AR AT 8 Al 15 885 Bl  tmoscae
much greater than the coherence time) the amplitude of light upon recombination at the
second coupling stage 130 is of constant amplitude 18.

An outstation 14 is provided at a far end of the fibre. Reflector means, such as a
reflecting surface 132 are provided at the outstation 14 for returning signals to the base
station 12. For signals travelling in the return direction, that is, for return signals arriving at
the interferometer 20 from the outstation 14, the second coupling stage 130 acts as a



An outstation 14 is provided at a far end of the
fibre. Reflector neans, such as a reflecting surface
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signals to the base station 12. For signals travelling
in the return direction, that is, for return signals
arriving at the i nterferonmeter420 fromthe outstation
14, the second coupling stage 130 acts as apower

OWér dpitter, Irﬂa 8infilafiakAibn t@ &l Rfiok of ﬂw@%rﬁ%hﬂﬁg@taﬁé‘@ on light in the
i rst cou on |i f orwar d

ng sta in

”P’%r@'tq“i?ﬁ fsﬁmtth%%emﬁ?éawr%agf érétmsswav rrefyin §igpalp, are copied at the
é@ddmarboﬁpnm@aété &1 80, Rl @%y%blng%aﬁﬁa@a%lw%lmﬁ catR98, whilst the
ti: one col%)%@ gql g chanpnel | al ogzqqthe first path
othet GAPY i © ¢&long dp§ seeonchR#Resd- ed sl fsﬁfgcw@ng stage 28 then
§610641td Mtﬁin@@ghtﬂbﬁ\ ﬂhbffﬁét a‘ﬁ@ %Bbéﬁ&peﬂﬁ@ﬁﬁh@%tbﬁﬁdlrectlon channelling

rves to co first and s nd
TSt HETPFeneR S167al [eriht: G 15 CoBRIRHAENY g & Highal Processing system
paterference signal (resulting fromthe conbi ned

light) to a signal processing system 29. For each
signal generated by the source 18, there are thus four

Hu:péadhadiml §éndrhied b?ltI%%urc@mQﬁeré%Ir@ﬁﬁ%do&* dllbﬁéat@g)f this signal: a
econd path 26

- Eelardee sional S& which T Bavelsd Siota e soaons nalh 26 ok the interferometer

g0 fresdth @resforvaarﬁlahatre\re@é@a;e&doﬁs GTrdt rétatdediedighap g1 %la@ed by a delay
%WI‘ evers

r rection (but. nQt t
B e Moibrd Wieiaon b ook nadisvaTg AR r 815acam, feigraed signal 52
idisrdee Ié@séthé) detnayt ben ey @é\i‘eﬁ?séj tiréstioh qtaut( i%tgl th8 quﬁdﬁ@ dlrectlon) and, a
Qr war I, rec ce-retar S|
b r0%s bl 8P hradBi ry'h ey 85 BRHSH bohd dearded in sach of the
fonwhrdafndtreeerbodiredtidneind reverse directions. The first
and second retarded signals S1, S2 which are retarded
in one direction only will return to the first coupler
Fhagst 36d abcdnderetdart Sigmals SHNSE hichbarenearddd iAldye direction onIy will

S D58 ol Sk oM SR e B Stuoance i

thiehfilred 16 tben@mg&als@mstdbp@womirbe atothéreard st sighalp|v@Nl interfere or
f one ofthe@ar [

s S], .

SRREsSunpRe egreYa P IviLtiegs 28 BPBetisrok fpe of the pair

af smgals 8¢, $2 tsrraodulhted loanTeMBenﬁ;ehﬂeetby&edlsmhﬁaﬁcmlong the fibre, the
rence si.d

I I ult in an |

BByt R bl il BEVE L9 et P e rote v eifrent

qq:tral clvaractbristios tol the Indarigrerecebsignal adichewlould dtthegrwise be produced in

turbance.to the fibre 16. In the
errbo %’?r%gn{f a%gﬁibﬂwgg%oevgth?ﬂg t1§|5ansducer of the
m)dul ator arr angemant gener at es a wave-|ike
ne [ to an opti fib
e 2 (RRnl] S ERNE Bl ReBdt ¥ apifigpor Hrangement
mnd{ate‘a asﬂaue-lﬂmwh@tunband:eaummdmd coupled tchan optiaes l’i‘bnes I THe result of this
U f the fibr vvave

%ﬁg%toﬁ ?Igﬁt‘ico\?/a\/%g)rgfleg% E%UE( Ias?tg wave Faunc ed ln% @te transmission
medium of the fibre. The elastic waves cause a local distortion of the glass structure,
which changes the refractive index experienced by light travelling along the fibre. This
change in refractive index caused a phase modulation in one or both of the (carrier)
signals of a pair travelling along the link. However, the interference signal will be the
result of interference between, on the one hand, a signal having been modulated by the
disturbance at one time, and on the other hand, a signal modulated by the disturbance at
another time, the two times being separated by the differential delay D. Thus, when an



whi ch changes the refractive i ndex experienced by
light travelling along the fibre. This change in
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both of the (carrier) signals of a pair travelling
along the link. However, the interference signal wll
be the result of interference Between, on the one
hand, a signal having been nodul ated by the

dmrsué BROsarRe @@ pliddn® ,thé& Betican lihi €6, ahE fitedidBfce Signal from the first
nodu] at t he di sturbance 'at _anot her

I
%3’“?9\& ta9e el W ﬁle*?%e %@Bé@g?*@d freguange of the apRlied %sa'oust'c disturbance.

dnab\ame Dangf mlﬁpmweemnmmwappnedilwttnéb@cfafagm %lgiilﬁmvhl@d'esult in an
he op link 16, the interference signal from

iadlersnSRianglinits AGOLFSEIRE AN can oA Al at t he
frequency of the applled acousti c di sturbance.

W se, |tudem) Iaeda dto t
S 8o B TRt WAB SRR 4 i ok Fighgisesingiag ot  few Mz

Bt breaveuld BRSWPRR Aigher @aralrateyde nodul ation. The
frequency of the elastic wave may be a few kHz, but

hi gher frequencies of a few MHz or nore woul d al | ow
Tos si@h@hﬁbcéb%tn@ sryatems indilidess aPihato- .r&:@ﬁ@rsm Bél.uﬂé(cﬂcﬁt'ﬂile first coupling

inc r iver
4568 14 B CnfE58 e AL (iR Al ionels ., fILer B2 dor receiving
ellbemEmI Q@Ta@ oAt pl@otﬁ-lr%dhswer»':ﬁﬂt aed fitewey t«Hengectncal signals; and, a
el ectrica m t he ot o-recei v
ppp? e’?rP?ng met%gﬁ é%t r mgqra"%gp% aggabmtrgggqe&néy %e modulator is an
pmaﬂ@gl@&gngal umetpréééssmé Lihth$4l mépémﬂy e & gmplifier, since the amplitude
intr ator i ue_si gn
ok SR aRmand wh gy B (a0l i B firpitdo She ebplfed acoustic
tlbﬁalagmbwév&adelf tHe hé&lstl@}ls@hﬁlgb%?ﬁltid@mﬂ?mdg invadigitalnmanner, the
accor dance i tude of the applied acoustic
oG9 %W%gF ac§]$'t£ngst%leoustl c signal is anplitude
nodul ated in a digital manner, the processing unit
i 1] he a digital s) m,,. Th
th i Saftef i & 2 BoP! EMeun o Fobedisr i Bte BogR, or 2 source o
soplified shoratapeausi eﬁ;amlﬂﬂ]ttwnhoas an BrfbimeDspedﬁ BipreaMmplifier or a
1 e r ifier or a Se uct or .
BRI SA artear A, e pierBor nibel fight Sdigpcuil be a Super
Wirhinebaena Dﬁmmr&dcenihrsehwat brbadced shoutle dones spastrian, and a short
ectru shor,t
by Pl B BEo SBGSA oo b PO 5 oor sourcs
will preferaipy |beajnp@lamsedz on altermativélyraldeypolzisingpaiitadd e, be provided
[ -pol.aci sin 1t 43 nma e . .
B B Y5t B 05 e 8t e th i
isrinjected irdothecinferfecometep (thade-polagsing enlt ingdyt bebfelr exampleea Fibre Lyot
' [ t el nferometer (th
!a%_ggltapéesr S:ﬂnggécﬁgnée? %@ Qrgfg%%%& %Sv@e%ﬁrﬁ)roz\elgj otpe paths of the
MWMrmtesdTe)e thediérpb pathi| serthdidthsi bd)lamrraablercﬂhight frem the first path
ﬁcérﬁlglhﬂg T rgfq?n gfrefc%%lgﬁ agﬁ'}eh §t ctoHéI@? 8%3 gé?esrt %ﬁ Igﬁy aligned with that
ofi thiet light fomt the éthelspatpat Typically, the source will operate at a wavelength of
between 1 micron and 2 microns, preferably around 1.31, 1.48 or 1.55 microns, in order to
efficiently make use of standard telecommunications optical fibre, such fibre being
configured to support single mode transmission at this wavelength. Typically, the fibre will
have a single core of a diameter which is around 9 or 10 microns.



conbining in the return direction at the first coupler
28 is at least partially aligned with that of the
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operate at a wavel ength of between 1 mcron and 2

m crons, preferably around 1.31, 1.48 or 1.55 m crons,
in order to efficiently make u@e of standard

t el econmruni cati ons optical fibre, such fibre being

Tnfirst urs@rﬂ#ng @targ@m)rar tifd Seliree araeeofttﬁ@nﬁéﬁéémerér ahmtdﬂéférabry be a
the fibre will have a single

vvavel en ically,
@ueie Wréh ‘éq\{rﬁ? PPrsRrEmatad) awberaas @eosecspod GPRInE Stapgel 30, at the

trarshlissidh Bide N@iliSpra@eabhB be & 2%?%0@;%&* Q\ﬁthséﬁéepéﬁ térﬁfﬁqated The 3x3
|nterferoneter w | pr ef er abl

I y be (with
QRler foved! in é’(‘?‘ﬁrﬁﬁtcé‘??}e a\K)ﬁ'@F'\éeaEh%%?éO'%%h%P Wam@e optical fields
& osutpRGorta! THI® 8ah h& 0SS BSMPFoVEItRE senithvity B tﬁE%térl?éereter
be a 2x2 coupler, with one port term nated. The 3x3
coupler is used in order to create a relative phase

Ibhas beén dgstebiatedanat thd Qle%?ttlrﬁé‘b i§ 'réﬂ!at@ﬁ 10fhd fréquiibP Wsponse of the
éﬁrts Thi's can be used to inprove the sensitivit

62l Gaple tp Phgse Madulation: dhat %é@ﬂ%@ﬁ@&%@fé@b@ Aepustiadequency, the

Idﬁée’#ythéld&yarmé it Qieeﬂstévé@egérfe%l UBRCY i& Q\%ﬁﬂﬁlsrf?tﬁg delay time is
ase nodul ation: that

bl
s i 3 eyt 5108 18 oAt oo I miorai Jbs celay wilthus

li%éTth Kastad00t infteo BEEGNdB er:rl'd’r?)@rglir1 a‘V Rt Q@Hﬁér@' se'bblrlrd% mhy beSsufficient for
e e | nverse

§ REPlicalinry THE Y e w1 B raH ey o i BPRtals e rapasing system is

ajﬁrarngvmicrophbmaartye s@ﬁh ﬂh@ﬁﬁb s&ﬂ&n@‘s@h@l i %Crﬁi& fhonrc representation of
e sufficien

| east secon na
tﬁg rse§6\9ﬁed'§tﬁﬁ?qn8§t nyl%ver {1 e §ENsRy @gd%Xerpngb%o as to prowde a simple
Peait bt & slifficibytly l’ﬂ@lﬁ’fré@f&ncY fthémRwee Dalleg osdetdyemby Be used.
oper ati ng- m crophoni cal such that the sensing
signal is a mcrophonic represent ation of the seismc

Sk rnbamras aho e wbindadnte tth®ugros ahe Mchd’ § 0b§isafol ﬁh@nrtor seismic

S ) S BB A o S 0 ok s,

dBRy 00N, nertey\mdest tamsamrrln Heundanoeehh has! afwght ihfdestark clarity the need

P Tk, BB S AT s ar
stalac kSadlgtl'etlndlas ocadn aad ofher righk eom&g: enteritly 2@8noisBniRg capability,
5 B0 % ROV, 9 GFviog e Bof 1o b doa o, e feployment of

appgdiriate sensoprativorkslisicdsy, amaled kel fauteSm&h@t r@the&tr&l@%ea infrastructure. -
Sadly the Indian ocean, and other risk zones,

currently have no sensing capability, and there is now

Ity i) irmpontant gb odeplole kkabed tsenad@r msthet bptimurkelcatibonshenany of which

T T L Ay

dlongsilei tgoundergeat cahtbsrahdyhaedataecbw@rbsocrcﬁrpleﬂi fohte fibres within the

kIR bR e PR el K veRuifi®all cor < "coul ¢

be laid al ongsi de the undersea cable and their data
£ Brgféjrr&eap?p%géhqﬂ tlgig irrvlgﬁtrcgn' rg "§ %or\{\\ﬁletyhda?a %‘% the sensors to the undersea
cable via an acoustic sonar (wireless) signal. .

In the prior art, existing sea-bed sensors such as those used in the DART tsunami
warning system around the Pacific Rim http:.//www.ndbc.noaa.gov/Dart/prief.shtmi

incorporate an acoustic data transmission system to convey sensor data to the surface
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undersea cable via a clip-on device attached to the
outer sheath. A preferred approach in this invention

WO 200b090nvey data fromthe sensors to the undeCEHE&B2006/000759

cabl e via an acoustic sonar (wireless) signal. In the
prior art, existing sea-bed sensors such as those used
in the DART tsunam warning syéten1around the Pacific
Rimhttp://wwmv. ndbc. noaa. gov/ Dart/brief.shtmn

bdwofoprnﬁ\bw %ﬁnﬁﬁi@ﬁ@hltﬁ tﬁats’hot'é J0AIGh Sh4 Qi’rlbuﬁb@tsﬁtéll’t@ The distance
*{%? sens data to t rf acebouy for onwa

hsesﬁeé‘ e@cﬁe@ﬁ%r % S§ 2%S BrrwgaR ks grovnd Skm in the deep ocean
rf@h /ﬁ/l/\hwhabc hEa. qb\ﬂmaw%@rt bﬁﬁﬁmga gﬂ@ weaeﬂdgecg tR& ReAlistie Wdnar signal
e ouy .caph be n min e gee
Oy B BRI GDaPE SHerR TG ACHIR rIRIoh W T0bbis. In one
dftes|gBedimehts! diehaiposritionCs PITRIqUEh @8R brel detd a6 Mth ¥an optical cable
%1?5( 1 8kHz, which is capable of supporting a data rate

a few 100b|t/s In one of the enbodi nents of the
|nventi on, such frequenci es are detectable with an
tlc cabIeI ferre

wgn éh@'}ﬁ ,p,qe Hpg a(rﬁ ur 5 %H” trtllas @B’l?ﬁjfo ] eH)a?chJ ?e data wirelessly from

sWarisddesssyrsf (P thetppe besh mgné OART( §fstdnietotarpendesesd fidke cable. The
ersea

t he DART syste 0O an u fibre cable. The )

SRR tia SodeT b b oSy RMOE ASIAD Safiaing thik Soasigral upwards

tgi thec birfgbet bﬁuygdtsaénglécgfﬂ@hard@wgéd@de@sfdagﬂbr%ut‘;%?l@e In their normal
(0] s .S n e owar e unaer sea | Dre ¢ e

Ctturelicn HiRe SoarstEials skulomR e CArOme: (e diarances of S fom sea

fioon td saface httmﬂ\ﬁmedﬁb&hﬁﬁﬁﬁoWDaﬁlﬁﬁHfsP?ﬁn mefbf@mr prirZiple the sea-

r

LSRRG Hlo 4 1 B 2 s S lea o bR boReRicgblp. However, in

gractiod the ofarity (tulbidityy bsthr@nn@tef ébmetf@ féb’dgelflﬂi% lesdthan at shallower
ver I N r tice t e cl ur ol .di

SRR Bl tol SRS b FireNGiof S Afnbmtr T8 {ldacsin ¢abfiuis tikely to be

kiejeths shoe degreedhyrmtmem tBatSrmn&twéd oaunite Gedi fiber (dtee— undersea
e bur

I

1525 4BR5, 7 3B RehoorAn e dot bhfed 35S L 15 htgne in shallow
repiohe suchiiad eostireental shelveabt am-ups tohieladds pvieredine aslsle may also be
IRl oSS b b P P S adbr T e prterbi o
locdtaios seavhed sendoe relatilely cage & the unelesreamnabied sty within 1km, and to

N it
{57 SPANEE LA T DhopBBE IS BREIRe' v the sca
flook,atay\aedyndc1Gs200nm Sheh stapesisedd eadire su&gyswbd:clmpﬁng of the sensor

' t dat er bel ow
c?el?%}oa@?g#et% s sog@td ‘%5?%%@ Ia(k:)ovg ?hzegea fl oor, say
around 100-200m Such st eps shoul d ensure successf ul
th

SAUBF ol Bl PGSR Bl Bl VLt Y R e tation and
gamveyathy i | Ithbe rappeopriate at orghmeizstiomse teft i dhe andART  system
http://www.ndbc.noaa.gov/Dart/dart.shtml ) via the global telecom Inetwork.

Benefits of this invention inciude ...

e To make greater and non-invasive use of the world’s undersea fibre cable
infrastructure. '



conveyed to the appropriate organi zations (ref the
DART system http://ww. ndbc. noaa. gov/ Dart/dart.shtml )

wao e@etopas1gl obal tel ecom network. Benefits of tPECEGB2006/000759
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invention include ... To nmake greater and

non-i nvasi ve use of the world's undersea fibre cable
infrastructure. To combine thaf infrastructure with
proven sea-bed sensor technology to create a tsunan

VafeNi 7@ cEibing thatAfastrubturs Witk bRdven sé8iHed ééﬁs&oté@hnology to create a
accurate, reliable and effective than those already 1n

use, SHEIMRWaTNG Bystem dhal BnPTNGRIR VRS beamPre acqur ?f? reliable and

The DEfRICAVERREA thosd Birdady Y 888, URh{R HE DART §¥ét&9 around the Pacific
sea-bed sensors that w fel essly couple data he

under@®a cable is well suited to the necessary
mai nt enance regi ne of these kind of sensors (ref the
ART stem htt p; / / ww. ndbc. ngaa. gov/ Dart/ brief.shtm
E rBB%P ’s’bﬂ%meﬁ@@dtot YsepexistingoRaarias a?“%°é°gthaéﬂ‘"rel‘385'y couple

ddth % W Bnddrydd 6aid 16 WHIEEited 4QRE %e&é&safﬁﬁlamr%nce regime of these

G0, abPinaspy RS oAR L uer it adbe.noasaoyabbritshin ). Sea

5865 668t nged So BRNRcHIeref At irdlia HRMRs %ﬂ\xﬁlﬁéﬂy é\vé?ynzayears for the
o the sea-bed sensor r el eases

ace shi d wn
lﬁﬁé a?b{ﬁtﬁa})l |t£)e hatten, ¢-9aiprate,the SSREfTe HROAAR the electronics etc.

lﬁ'lth!DAFhEsMﬂ tﬁi& lé El6n§ Eﬁ%@:ﬁduﬁ@é%oﬂﬁb SIQH'QGrcﬁﬁ%Sﬁfrfa&é‘gﬁlp down to
floats to the s virtue of flagltatlontan

cyee e serPe iy Elpaste o BGHBALS T Peswe iy aiconcrete that

forrh§ tie hdsRSHT tiae E&or h?'lbﬁlﬁg)p MRESEAEST thah fﬂbgt%fto Iﬂﬁe’iﬁﬂface by virtue of
ro ea fibre cab

(il tali BEEIR & rocelesty rAGPENFo DR 6% IPOURHOWIR 2 frosh anchor.
THIS @rm‘ao@ daintake Blacé RatileViedépPidefttifor €hs URdBIESS fistel dable, which
terns of one or nore of the followng clauses: 1. A

g &Rt at i on systemincluding a transnitter unit
havi ng an acoustic transmtter for transmtting

coustic e rou f anotlcal
865 5 tnofe BRRSs HiHradtindte Shoniary Bbhe S hoe San gﬁaﬁummansed in
tfferraygh‘ Iohég:r&h@rﬁ%oftthé folioking eladses: MO ta@hmogicatied byem including a
or tecting. the

ot SO . B0 BBt rqi BB e doais araves througn a
vy eBediumy ahno;atn:al fihloramahged sticyrtabt tHehacomstict @avesgmodulate light

st atd on_bei red tp retrieve, th |nfor tio

SRS P My, B AL B SohBahf el o Rt lnd R ddlugtion. 2. A

coynshencationsyystant agdpédified dnskaude dr mbwusme%coubm ®bves contain an
nedi um 4 %3 J cat,j on

bOEraiat, SolFe i b e g Foliauird 45 aPRGEhS Tommation
sigreal diom theedetedted modViatie03.2A coahudicatiorasygstera msGpecified in clause 1
or clause 2, wherein the fluid medium is a liquid medium 4. A communication system as
specified in any of the preceding clauses , wherein there is provided a including a seismic
vibration sensor, the seismic vibration sensor being operatively coupled to the transmitter
unit for transmitting information relating to sensed seismic vibrations. 5. A communication
system as specified in clause 4, wherein the seismic vibration sensor and the transmitter
unit are configured for undersea operation, the fluid medium being sea water 6. A
communication system as specified in clause 4 or clause 5, wherein means are provided
for retaining the seismic sensor on the sea bed, and retaining the transmitter in a raised
position relative to the sensor. 7. A communication system as specified in any of the
preceding clauses , wherein a flotation system is provided for retaining the transmitter unit



vi bration sensor, the seism c vibration sensor being
operatively coupled to the transmtter unit for

wo ea@adietit i ng information relating to sensed seCEGBE006/000759
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vi brations. 5. A conmunication systemas specified in
cl ause 4, wherein the seismic yibration sensor and the
transmtter unit are confi gureg for undersea
operation, the fluid nedium being sea water 6. A

mwﬁpaa;el ! g aabaz rnelamisamtasr@@@:béd.eaﬂg\i ébn?h@tﬂéﬁitoﬂ_sy&tem ?shspeciﬁed in
Cl au . erelr.n nean ar.e provi.adae or retailnin e,
§or GiiFe HoerhoBs SusER o VsEETn APIANY o SERIF Rgniafe AT provided about
theapstRi dft e oplical Ik 924 psRimuhiestidnel efsteme dsOspdified in any of the
sensqQr. 1. A comnuni cation systemas specified.n any, _
SROSHIRG shusEl: U JBe nonioliag SO if [KOPAGHTES, fal Sealing sensing
$igndls gt«évdﬁdlyftmnlsm?geaidmi;]me:dpaﬁ nimnsmetkr)éigltheéééﬁiin@ signals are formed
ace arl relatil,onsni € Sea ed. .
R Ao e AORISS WAHRR-coPlEs T & Ralih Ve 2y gy relative to one another,
ik epdiangtiel mbﬁiﬁﬁingdsm&fneiis R:toﬂﬁ@lrédg ﬁ‘b ic?mm\% tﬁ@itr_égas@tive signals of a
SENSOrs, ar ovi.ge a ut e. (O] R e |l Cca . .
SRS 68 R MHP R0 SRE Ay o e Serkind fipegl; 105 gorgmunications
$yseerp bfe_epdd:iﬁtgi ;_iﬁ OIHGRS9, whinein @indﬁmbhia)rmgrﬁtét:bhiilﬁtﬂucfésairi cfmical source
S .cont i qur or recelvin ensl Ng..st.gn revi ousl, .
toF Armiting, T SnehE St ity o, Smup ik, T sR6LRg; signals being
whgned salénge tHeoliine do bitie pRAbhitoriay statisral 1€ ORI &snmukications system as

SERRR: a9 oPHorRE B GPoiy STApIRFSECte Feum the sensing

- sigmdls.g 12 Kl coramunichiions sybient ssgmeifiedeinsing vftlausds Ritddnl, wherein the

TBncoly’ oF Shedter B e et thd ed0einy, B MR moduiation. 13, A
speauhicatbnsrsysteauae sPecifidteriiany tdfi elaieed Baoi g whieadin e delay is at

BB A B S 90 SRR S5 gy commuiatons

systpmlas dpecifigd r it amynefdclalises® td1¢3) whérelnothieheonitoring station includes

Ol PP o8t hs Fpatt HEPEIHE PERClA LRI RToR Piroducing a time
pelay bdvkenosigreti wopies vf s paisi M. N geramsanicatbnslsystem as specified in

GALER L S 3 S| LI i rtumec

signad reopiesf oft agairr d§udncommbinitatonsosstent iasnspetBied Ain any preceding

SRR 985 of $ALEMAD TR Skl T Bl e ot ime

mﬁ@ir@m’bfeygl:iy afl leastt50100 Om'm:fror_ns!ae opt_itsal lilkd16. A communications system
SO | B0 oRKBHATAD SRR b3 bR bl £ B B prrerany

amupdéreea fibteecabiean®. Ansubspaasysidrh fohi ddtectimgcseabed disturbances, the

%éfé\xﬁ/e 'elﬁéll%ﬂré% %e Eg%%eltog gér%gor g&lp g?t%%@ ge%ef:d.o Eﬁﬁaﬂﬁbgﬁ oth%nsmitter unit

lsauingean asousfie riahsreitter for thasnsitiingZcousteredvesttireugh a fluid medium, the

j - ' S 0 I e-al i .
{rﬂ!as%rl{éﬁ @{rﬁ%&éq gﬁ%{!&é '(t)o; Fh%sgeo Eg Stpe)eﬁug%?r. srol _aYﬁe trS}Jnsn%{Per can transmit
awmustic signals dndicatiys tof theasenspd ciehbed vibratiany; gvceardptical link arranged

%\lpcg';’tfﬁtr t&%og;%]t&?vg\??sgﬁtoﬁ@g{)épfﬁgZt%%l!h?ﬁ(i’a,?)na RE%B2Y and a monitoring

station for detecting the modulation.



residing preferably at |east 50 or 100 mfromthe
optical link 16. A communi cations system as specified

w0 pooag26pr ecedi ng cl ause, wherein the optical PCTB2®6A00759
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fibre cable, preferably an undersea fibre cable. 17.
An subsea system for detecting, seabed di sturbances,
the systemincludi ng a seabed Wnsor for det ecti ng
seabed vibrations; a transmtter unit having an
acoustic transmtter for transmtting acoustic waves
Epnough a fluid nedium the transmtter unit being
#AiBPed to the seabed sensor so that the transmitter
can transmt acoustic signals indicative of the sensed

eabed vi bratjons; and an,optical |ink arranged such L
ﬁh L{nlqgrsgegﬁlgmq%s%u@ssyﬁ%mryf@qq: Gh‘i('br?{‘%f\‘/é sor for sensing seismic
albeat®nt hén fthdrsea Bedl a MaRniiten it Sdoipiedntd @ie vibration sensor, the
gretecﬁi n é e . noduf ati on. d ai rrE 1. An undersea sei sgn c ..

BRETHE" Lpt heing ARPRRRC I T3S, ;5 SWcAGRUSHS gfave Trom which the
PAITRHCE o5& 66T Wbt taNBe dfertdt: ah@oa Re@tioRarrangement for retaining
ﬁransm'tter un{_tt cgurﬁl ed t(gwtbsge V'Ei‘at OH?sengor, t he
REFROMPYG BRNSITE™ WliTh P hRRpbPT Blatiye iodhe S92 PRd s e,
an acoustic wave from which the presence of a seismc

IQration can be.inferred; and, a flotation , )
% P igaitoa oGP §TER 4 SETRL T Rend.. whprein the fotation
drahgeémert inclidesda POsydncy unit eledliieddo tthe tiagsraitter bR soZis to urge the
An unger sep seismc é.e%nﬁii ng systemas clainmed in claim
frangRPLuRt DA yaward diregton angement i ncl udes a
buoyancy unit secured to the transmtter unit so as to

rge the transmtter.unit, in an u rd, directian., 3. . .
A48 ot 2B M e ybiey e Sl ReEh it AR 2 biagpin there is
pravided safiethe? arrahgenednt fdrisec@ririgsthe trapsrdigter anit ©tthesea bed.
arrangenent for securing the transmtter unit to the
sea bed. 4. An undersea seism c sensing system as
¢l AAmeddemea | seismid , senkiag esystanneast elamead & ralahpedemherein the tether

B P YA o B3 B any of the pr ecedi ng
claims, wherein the transmitter uni ItI i's g%anged to
5t 0 e85 48 YR eGSR AL e aposcing claims

wiheesirs dbe dearsmiittersemis @8 asrpsgeintastrarisaitmadousticawsivesf in a generally
HE@P\QE%C&QCH& claims; an optical cable arranged such
that, i ’

in use, 'the acoustic wave fromthe transmtter
unit nodul ates the phase of |light travelling along the

S0 50 00 e o BT 0 TRERGB UMt Bsor syt as e i
any oh thep prefoedimg t dmph as eoplival Ldahteedrranggidt such that, in use, the acoustic
wave from the transmitter unit modulates the phase of light travelling along the optical
cable; and, a monitoring station for extracting information indicative of a seismic vibration
from the phase modulated light.

7. A method of sensing an undersea seismic disturbance, including the steps of: sensing
seismic vibrations on the sea bed using a vibration sensor, the vibration sensor being
coupled to a transmitter unit; transmitting from the transmitter unit an acoustic signal from
which the presence of a seismic vibration can be inferred, the transmitter unit being

retained in a raised position relative to the sea bed; and detecting the acoustic signal at an
optical link.



7. A nethod of sensing an undersea seismc
di sturbance, including the steps of: sensing seismc

W@ Rimeaicons on the sea bed using a vibrati on sRPEBEGB2006/000759
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the vibration sensor being coupled to a transmtter
unit; transmtting fromthe transmtter unit an
acoustic signal from which the“pr esence of a seismc
vibration can be inferred, the transmtter unit being
retained in a raised position relative to the sea bed;

' [ i gnal n i cal
BT R hSE Bl o Sk Pl Babie B climes n i 7 whror
theshetusBe GRnak EAuReNE bhiafe GhatiulBtion W@t@bﬂs%ﬁ@ls travelling along the
acoustic signals cause a phase nodul ati on or opti cal
OPEALIK ¢ ravel 1ing al ong the optical link. 9. A nethod
of sensing an undersea seism c di sturbance as cl ai ned

in claim8, wherein the optical signals are fornmed by ‘ )

B rRetygd of gRna b HRETsaRheisic st baBse 3 Slaimed kel 8, wherein

thieropticisi|signalse b fokred By B41R GFRRYNBPEopied) dhiA&YoBiel of BPair have a time

respective signals of a pair are conbined so as to, )

53RV SRlptivea, At g el and Wherelinihe respackye sigRals Y a pair are combined

$o g & extiacomodlia dafe, IPaRE AR fRinsidgGighals RaR WhichaRe presence of
1Q0.. A nethod of sensing an undersea

be. i nferred. .
§§|S§lﬁ4"?:n°&ic'§f‘lﬂed3fﬁ88ggs claimed in claim9, wherein the
time delay is greater than the inverse of the

eguenc f the nmodul.ation. 11. A conmuni cati on, i .
16 & HRBTHT o A1 CndRiRR Seisic PR RARGE iy Cmad dn.gine 9, wherein
thedinsnddlaels greatet tham §a ihldreg ofthe ishLienoya! 8% mMbBaGLEh. a
fluid nedium an optical link arranged such that the

acoustic waves nmodulate |ight travelling along the
i 1.7 coramdniaatiarnsyisten mgiugingtd eahshitterdSitaRivingGnt A ustic transmitter for

{rrgrgs%iﬁ)i%lg %rc]:bustic waves through a fiuid medium; an optical link arranged such that the
acoustic waves modulate light travelling along the link; and a monitoring station for
detecting the modulation.



