WO 2006/092611 PCT/GB2006/000759 1 Sensing system The present
invention relates to an undersea seismic sensing system, in particular to
an undersea seismic sensor system including a flotation arrangement. 5
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undersea seismic sensing system including: a vibration sensor for
sensing seismic vibrations on the sea bied; a transmitter unit coupled to
the vibration sensor, the transmitter unit being arranged to transmit, in
use, an acoustic wave from whiclgeHihgrssanee of a seismic vibration can
10 be inferred; and, a flotation arrangement for retaining the acoustic
nsmitter unit in a raised position relative to the sea bed. Further
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cable (#igurativelywie flearnay feniigUallsiermees\ilthiaR optical waveguide

transmigtgr). 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 FHERERAR AT EARPEBEMNY so as to detect 35 seismic vibration.

In response to detecting a seismic vibration, the sensor produces an
In Figure 1, an sub sea optical cable 16 extends along the sea bed. A sensor 102 on the
sea bed is electrically coupled to an acoustic transmitter 104 such that information signals
indicative of a sensed seismic event can be transmitted by the transmitter trough the
water in the form of acoustic waves or other disturbances. The acoustic disturbances
modulate light carried by the cable, and are detected at a monitoring station 12 located

remotely from the area where the light is 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 tfansmitter). 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
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WO 2006/092611 PCT/GB2006/000759 2 electrical sensor signal from
which the presence of a seismic event can be detected. This signal is
coupled to the transmitter unit by an electrical conductor. The transmitter
ViR %kl electronic circuit for generating an acoustic sigidl sBe%38Hse
to the received electrical sensor signal, which acoustic signal is
transmitted as an acoustic wave by a 53ransducer element of the -
transmitter unit. The acoustic wave is carried through the sea water and
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Figuré 2 shows a communications system, where the sensor/transmitter unit will be
referred to as a “modulator arrangement”. The monitoring station 12 is configured to
receive acoustically modulated signals which have been applied to an optical link 16 using
the modulator arrangement.  Although the system in Figure 2 is particularly effective in
detecting modulated phase changes, another sys’cehi could be used. Furthermore,
properties of light other than phase may be modulated by the acoustic wave and

_ subsequently detected by an alternative arrangement to that of Figure 2.

35

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
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coherence time (random phase changes in the output providing an
irregular component to 35 the signal), Sensing signals (waveform
portions) from the optical source 18 are fed to an WO 2006/092611
VRCIPIE®2006/000759 3 interferometer stage 20, here a MachiGesdes7s9
interferometer having a first path 24 and a second path 26. The
interferometer 20 includes a first coupliag stage 28 for coupling optical
radiation between the optical source 18, the first and second paths 24, 26,

am%@efama@r efggfee§§"mgr§yﬂﬂaar2?efn%# %&@8&@@9 HEVh ST HRE bath 24 and a

dlreCtlﬁ taté % %romSt esource the first coupling Stage 28 acts
I powe

22580 o IEREIR s pHRsUdgsaA st rfgtrfejwsf%?ﬂetﬁé &ptiRagiPling
sokties Teg et asaettuedan dhpanpiiralisop6atie, fhaviiistamhsbequathdteinlg, 26, and a
skigrarhiac4iegiejetsrinel ManRef 1aeseis A AGRNHAtREMEaER ;§i9my from

p{f%\/i%wcgyt“éef?%'S&é%lér%?aa’g Héaacgclvears] témae rldr& %%V | %@%}S@Qnﬂ sphtter

copie such that there Is a’first COopy and a secon

sEsmgng el Bamdhaioptical sase d8durramer. t@r@%&ﬂ-t?évmg BAWRGHo each
tmatfifstimasha2ddrhi stréldetetheredopynrtes vele dangotbe raeéeond path 26. A
second coupling stage 130 is provided for coupling light between the first'
and S ths ut 135 of the mterferometer wh

outp ef i< CohneRte %sztﬁ% oﬁtl%ba\ %Cq:@ R IR 'mefl’f@"fg}%a?l‘ﬂnal is
1@’8&6&%?1%%‘1%@@%6@&&9@%@ acererdeiribmEnst eomiseong ehpies being
lightlicats tfefiestratickrseDoadpathsverchringrineing ghis cowminaslightr copy

tqhed 'Hgﬁﬁafﬁé"?et@tfn‘a%%t é‘é)’SA@%@orgw%oﬂﬁmg? i ”!E@ rfse E%U‘ag%ﬁh@&%phng

deI Iéwg %%W or increasing the transit time o t trav

rea ongeB I 80 PSP éq?in@ AR S0 TSotliRg §f5@'§§%°ﬁ%@ infgdigrometer,
tH‘éﬁ%éuﬁP&hSﬁ fRegeelgin theyventivg! bistvéen ther dishibliraysliages 28 forward
1d@teitidortpe calpheytiiady I68QQaH: 24 shivhdricalmgiiesagaribpatz BRt and

Fﬁc@@&ﬁaﬁ'@%ﬂﬂ%ﬁ@%@%&@&lﬁ@é lﬁ;?ﬁ\%&l}%hﬁ%gﬁgrﬁ% QEPSls aﬁﬁq% The

nal copies re e Ot er si

ay one of thesi
R e B e o e Ao e 1 GRRBLADS of et
oiﬁ@’eéﬁéﬂﬁéfeaéw Iheteaanithedlirctisfet saceny dekpfiinpiosesi 28, tA@, dethythat the

stageitlde bmigiatirgveniey semretha cob@iprca diaeef the @p&iﬁg?érse%ﬂg%e first
18T @H%‘M‘ﬁﬂé'QB%H%KS"Q%Qoﬂl?'ﬂgtﬁ‘ﬁeﬂrﬁ&aggcr?% Hains.lp by dhe optcal

recombined the second coupling stage 1 hel ﬁarence

|.&%Lt”fﬁa\}?sﬂfH%y'&%%efﬁ%%%ebV&ﬁm@ &s@w&%‘eaﬁﬁmﬁ%ﬁ rak?évs@%the other
(6@sRlctiptheattons foinigedution thansmhitedointoghe dirtr6)ahdifianaplitinde ¢ one
lighdthigron recombination at the 30 second coupling stage 130 is of
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The additional (differential) delay imposed by the delay stage 134 is much greater than
the coherence time of the optical source 18. Thus, when light travelling along the first and
second paths is recombined by the second coupling stage 130, the interference between
light travelling along the two paths averages out, such that on average (over a timescale

much gvreater 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 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
Westavp2that is, for return signals arriving at 35 the interfePOFIERO RO 005
the outstation 14, the second coupling stage 130 acts as a WO
2006/092611 PCT/GB2006/000759 4 pgwer splitter, in a similar fashion
to the action of the first coupling stage 28 on light in the forward direction
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In the embodiments shown above, the transducer of the modulator arrangement
generates a wave-like disturbance, which is coupled to an optical fibre. The result of this
is that an elastic wave (preferably a bulk elastic wave) is launched into the transmission
medium of the fibre. The elastic waves cause a local distortion of the giass structure,
30 whigh 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 sighal will be the
result of interference be’tweén, 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
35 another time, the two times being separated by the differential delay D. Thus, when an



medium of the fibre. The elastic waves cause a local distortion of the glass
structure, 30 which changes the refractive index experienced by light
travelling along the fibre. This change in refractive index caused a phase
Wibdirtintin one or both of the (carrier) signals of a pair faUsiBay@iorTgo
the link. However, the interference signal will be the result of interference
between, on the-one hand, a signal havihg been modulated by the
disturbance at one time, and on the other hand, a signal modulated by the
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will preferably be unpolarised, or alternatively a de-polarising unit 43 may be provided
between the light source and the interferometer, for depolarising the light before the light

25 s injected into the interferometer (the de-polarising unit may be for example, a Fibre Lyat
de-polariser). A depolariser 49 will preferably be provided in one of the paths of the
interferometer, here, the first path, so that the polarisation of light from the first path
combining in the return direction at the first coupler 28 is at least partially aligned with that

of the light from the other path. Typically, the source will operate at a wavelengfh of

30 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.



de-polariser). A depolariser 49 will preferably be provided in one of the
paths of the interferometer, here, the first path, so that the polarisation of
light from the first path combining in the return direction at the first coupler
O Mmtoast partially aligned with that of the light from therothespashoo7s9
Typically, the source will operate at a wavelength of 30 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
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undersea infrastructure. 25 It is important to deploy sea-bed sensors in

the optimum locations, many of which
25 It is important to deploy sea-bed sensors in the optimum locations, many of which

coincide with the routes of undersea fibre cables. Sea-bed sensors could be laid
alongside the undersea cable and their data could be coupled to the fibres within the
undersea cable via a clip-on device attached to the outer sheath.

30 A preferred approach in this invention is to convey data from 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.ndbe.noaa.qov/Dart/brief.shtmi
35 incorporate an acoustic data transmission system to convey sensor data to the surface
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be laid alongside the undersea cable and their data could be coupled to
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Sensor data coupled to the fibres in this way will be received at the shore station and

conveyed to the appropriate  organizations (ref the DART  system
hitp://www.ndbc.noaa.gov/Dart/dart.shtml ) via the global telecom |metwork.

30 Benefits of this invention include ...

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



date to the fibres within the undersea cable. 25 Sensor data coupled to

the fibres in this way will be received at the shore station and conveyed to

the appropriate organizations (ref the DART system
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tr@@@g@ﬁggp acoustic waves through a fluid medium; an optical link

arranged such that the acoustic waves modulate light travelling along the

link; and a monitoring station for detecting the modulation. 2. A :

cOmmounictticatuEstehas apecified ivditaerse df thédereintitheacbeaistimmarised in

WaNRS 60sH8IBrakore of the following clauses: 1. A communication system including a

20 transmitter unit having an acoustic transmitter for transmittirig acoustic waves through a
fluid medium; an optical link arranged such that the acoustic waves modulate light
travelling along the link; and a monitoring station for detecting the modulation. 2. A
communication system as specified in clause 1, wherein the acoustic waves contain an
information signal, the monitoring station being configured to retrieve the information

25 signal from the detected modulation 3. A communication system as specified 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

30 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, whersin 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

35 preceding clauses , wherein a flotation system ‘is provided for retaining the transmitter unit



information signal, the monitoring station being configured to retrieve the
information 25 signal from the detected modulation 3. A communication
system as specified in clause 1 or clause 2, wherein the fluid medium is a
Wiquidemnediom 4. A communication system as specified inpanyGsohe00759
preceding clauses , wherein there is provided a including a seismic
vibration sensor, the seismic vibration sgnsor being operatively coupled to
the transmitter unit for transmitting information relating to sensed seismic

vnhe&a&&éa@r?%ﬂmeh IméQe%ésna %mhlﬁé’a{m@%&%s specified in

whereln the seismic vibration sensor and the transmitter unit are

cBRighHae REarine QAL Bhe MRS @‘H[ﬁHWé&ﬁl?ﬁ‘!Se‘iﬁ’@f%@aa(ﬁa?@ﬁ’@e%ab"“t
cthernahicdtivn sptteials Spéciftethinnialinses syrtetaasesbeailedrein any of the

'Tﬂﬁ@éé'%izﬂ@edih"@égedmﬁ@Fefﬁ’tﬂié"Hﬁﬁh&xﬁ@'%@t@&%%@ﬁ%r@ﬁ f@@@e@@dm@%nsmg

retaln\n the transmitter.in, a rai ed lative othe sen 7
5 signa %rev*ous rapsmitted ontoaq lca vﬁ% res]gt e sen nasare formed
communication sys em as specifi |n an df rece a

wheras afstadiPRisSeRicrs RRARE P ﬁﬁ"ré?é(m ﬁwﬂf‘iﬁé*?l%}h@ﬂﬁ?fféﬁ% ﬁﬁe\ﬂ@fhef
Zamﬁm&?emkr%eﬁd%@w)ﬁmmﬁ15@09rgu&cspa@edﬂapamwaﬁmwmmﬁae of a

arbo%dasao/émm mem@aaﬁaﬁ%aﬁ FREGHER gAY O IR RERGAHAG tions
es wher rality Wﬁgls égsensgrs are %ovlded about the

rPtﬁs 386%' I|nk IS8 CoMIRIHT AT O T8 S-S L SRS oG ab?"“fce
10 tﬁer SEISER T d&%ﬁgﬁmheﬁeﬁﬁr@mdhﬁo@m@%wﬂ&nti@caﬁmewm*s being
res@iviey sRRGINGESIBIgNEIhprendpkisidrangiaited Ontedhenaptsadiinisystem as

WheraadheSeasing ﬁjg%léréﬁerg%@&%p ALK fp?d@i'& &%p@éﬁé{" BiENsensing

coples of a pair have a time del ayre lative to one another, and wherein

tﬁ@ﬂ%‘”‘n|t1)2nﬁg"%i‘é\??&ﬁ"?@“SBﬁﬁéﬂP@h%S@&ﬁ*ﬁﬁﬂé'lﬁ@yr%%%?ﬁfe SRy hiLRegin the
phirss slelgtdegreatentbeiultie drierse ibhys ifiateesengihdhsignedsiation A 13. A

15 cesnmuRicatinRss Bysiem apsameaifipcaity dausasds Wherein WhersrofoEagy is at
S?é‘&@%‘%?@% r%%] GRS, f%t%@af%l%%'}%m%“@&én Seﬁ‘i ')Ec%ﬂ.rlﬁlﬁlcanons

onto the optlca in € sensing signals elnggeturne al ongt

tHRISTBhRORGCLERIOR. AY. X EaHsRR it ione e S patgetiation includes
claigsiereveieharednsrbfidescr padndifeieaqerevideditd therenithéositrsihuging a time

SignaleekdednGaHgRENUDINEiBNS Wemm&wmmlw%@awgﬁémm in
20 1&1a‘d‘§%e{ S'Wv‘iﬁ’é"?‘elﬂrﬂ% %@%H&n@t‘%ﬁﬁ%é&ﬂé‘%tnge@\’oe i Oofréblf rg %e'%t% Lhrned

the modulation, 1 5 communications system as spec
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introducin
25 an undersea fi bre cable. 17. An subsea system for detecting seabed disturbances, the

system including a seabed sensor for detecting seabed vibrations; a transmitter unit
having an acoustic transmitter for transmitting acoustic waves through a fiuid medium, the
transmitter unit being coupled to the seabed sensor so that the transmitter can transmit
acoustic signals indicative of the sensed seabed vibrations; and an optical link arranged

30 such that the acoustic waves modulate light travelling along the fibre; and a monitoring
station for detecting the modulation, o
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delay between signal copies of a pair. 15. A communications system as
specified in 20 clause 14, wherein the interferometer means is used to
temporally re-align the returned signal copies of a pair. 16. A
vshatfepfigettions system as specified in any preceding claws8/&B16¢¢01G0759
the or each sensor is in a spaced apart relationship to the optical link,
residing preferably at least 50 or 100 m fgm the optical link 16. A
communications system as specified in any preceding clause, wherein
the optical link is a fibre cable, preferably 25 an undersea fibre cable. 17.
Qﬁubsea system for detecting seabed disturbances, the system
inc u%g a seabed sensor for detecting seabed vibrations; a transmitter
unit having an acoustic transmitter for transmitting acoustic waves
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2006/982644 REHES 2ARHA0HEES Juhrignsive Audsisen seismic
sensing system including: a vibration sensor for sensing seismic 5
vibrations on the sea bed; a transmitter unit coupled to the vibration
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wareafigamanhicbittes priessnoeyafrit seismaid whnaticmeantdeurifeses; @Nege the
a fﬂ@mgéqﬁpg@ng%m §eLRIRING the acoustic transmitter unit in a
raised position relative to the sea bed. 10 2. An undersea seismic sensing
system as claimed in claim 1, wherein the flotation arrangement includes
a Bubyaieersps SUEDICEPIS M YRR AR R Socteimd GFeine2, wherein there is
18rgmswidtie iadeliten arangawantd foiraciiing hetratdpi s @aiseigiaiseaanrsing
system as claimed in claim 1 or claim 2, wherein there is 15 provided a
tet er\arrarégement for. securln% the transmitter unit to the sea bed. 4
undefSed SEismic Sanahg LR i SLe afh SR Raih ﬂa\Whére‘W?ﬁ%n e tether
teHEISRTANG Bi¢ludRs AcHsiebied keefghted base. 20 5. An undersea seismic
sensing system as claimed in any of the preceding claims, wherein the
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V\{1 nward, direction.
erein the transmitter unit is arranged to transmit acoustic waves in a generally

downward direction.
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6. A communications system including: an undersea seismic sensor syster‘n as claimed in

25 any of the preceding claims; an optical cable arranged 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.

30 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
35 optical link,



6. A communications system including: an undersea seismic sensor
system as claimed in 25 any of the preceding claims; an optical cable MCSLLP
arranged 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
WAL 8?%(%?om the phase modulated light. 30 7. A method &f S&/3#9¢/%4n"S?
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
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5 the acoustic signals cause a phase modulation of optical signals travelling
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sensing an ur eg gé?grmc disturbance as claimed in claim 9, Whereln

the time delay is greater than the inverse of the frequency of the
modallakaid of sensing an undersea seismic disturbance as claimed in claim 9, wherein

the time delay is greater than the inverse of the frequency of the modulation.



