
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
According to one aspect of the present invention, there is provided an
undersea seismic  sensing system including: a vibration sensor for
sensing seismic vibrations on the sea  bed; a transmitter unit coupled to
the vibration sensor, the transmitter unit being arranged  to transmit, in
use, an acoustic wave from which- the presence of a seismic vibration can
10 be inferred; and, a flotation arrangement for retaining the acoustic
transmitter unit in a  raised position relative to the sea bed. Further
aspects of the invention are provided in the claims. The invention will now
be  further described, with reference to the following drawings in which: 15
Figure 1 shows a communications system according to the present
invention  Figure 2 shows a system for sensing acoustic waves with an
optical waveguide  link. Figure 3 shows a sensor network 20 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
25 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  30 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  35 seismic vibration.
In response to detecting a seismic vibration, the sensor produces an 



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
includes an electronic circuit for generating an acoustic signal in response
to the received  electrical sensor signal, which acoustic signal is
transmitted as an acoustic wave by a 5 transducer element of the
transmitter unit. The acoustic wave is carried through the sea  water and
towards the optical cable. Light travelling along a waveguide of the optical
cable  undergoes a phase modulation by the acoustic wave from the
transducer. The transmitter 104 is tethered at a lower portion thereof to
the sensor housing by a steel  10 cable 105, which extend between the
transmitter and the sensor housing. The sensor is  weighted so as to keep
the sensor resting against the sea bed. The weighting of the  sensor and
the buoyancy of the float 106 are chosen in dependence on one another,
such  that the sensor is sufficiently heavy to remain at the sea bed under
the upward force  provided by the float 106. In an alternative embodiment,
a separate weight or other 15 anchoring device is provided to retain the
lower end of the cable 105 at a point on the sea  bed. In either case, cable
will be sufficiently short (for example, a few meters or a few tens  of
meters) such that the float remains below sea level, As a result of the
upward force  provided by the float on the one hand, and the downward
restoring force of the tether  (provided by the weighted sensor or other
base) on the other hand, the transmitter will 20 experience a stabilising
force that will help the transmitter remain in the correct  orientation.
Preferably, the transmitter will include a main body member the
transmitter  element being secured to or within the main body member,
the main body member being  secured to the tether and float. 25 Figure 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 system could be used. Furthermore, 30
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. 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  35 the signal), Sensing signals (waveform
portions) from the optical source 18 are fed to an WO 2006/092611
PCT/GB2006/000759  3 interferometer stage 20, here a Mach Zehnder
interferometer having a first path 24 and a  second path 26. The
interferometer 20 includes a first coupling stage 28 for coupling  optical
radiation between the optical source 18, the first and second paths 24, 26,
and a  signal processing system 29. For light travelling in a forward
direction, that is, away from 5 the source, the first coupling stage 28 acts
as a directional power (Intensity) splitter,  channelling light from the optical
source 18 to each of the paths 24, 26, the power to each  path being
shared in a predetermined manner, here in a 50:50 ratio. For each signal
provided by the optical source 18 in a given time interval, that signal is  10
copied such that there is a first copy and a second copy, the first and
second copies being  duplicates of one another. One copy travels along
the first path 24 whilst the other copy  travels along the second path 26. A
second coupling stage 130 is provided for coupling  light between the first
and second paths 24, 26 and an output 135 of the interferometer,  which
output is connected to the optical link 16. For light travelling in the forward
15 direction, the coupling stage 130 acts as a combiner, combining the
light from the first and  second paths and channelling this combined light
to the interferometer output 135. The  first path of the interferometer has a
delay stage 134 for increasing the transit time of light  travelling
therealong between the first and second coupling stages 28, 130, such
that the  transit time for light travelling between the coupling stages 28,
130 is longer along the first 20 path 24 than it is along the second path 26.
For each signal produced by the optical  source, the interferometer 20
serves to delay one of the signal copies relative to the other  signal copy,
the signal copies being transmitted onto the link 16 at different times to
one  another. 25 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 greater than the coherence time) the amplitude of
light upon recombination at the  30 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 35 the interferometer 20 from
the outstation 14, the second coupling stage 130 acts as a WO
2006/092611 PCT/GB2006/000759  4 power splitter, in a similar fashion
to the action of the first coupling stage 28 on light in the  forward direction
from the optical source 18. In this way, return signals are copied at the
second coupling stage 130, one copy being channelled along the first path
24, whilst the  other copy is channelled along the second path 26. The first
coupling stage 28 then 5 serves to combine light from the first and second
paths in the return direction, channelling  the interference signal (resulting
from the combined light) to a signal processing system  29. For each
signal generated by the source 18, there are thus four duplicates of this
signal: a  10 non-retarded signal SO which has travelled along the second
path 26 of the interferometer  20 in both the forward and reverse
directions; a first retarded signal 81 delayed by a delay  D In the forward
direction (but not the reverse direction); a second retarded signal S2
retarded by the delay D in the reverse direction (but not the forward
direction); and, a  twice-retarded signal S3 retarded by a delay 2D, signal
S3 being retarded in each of the  15 forward and reverse directions. The
first and second retarded signals S1, S2 which are retarded in one
direction only will  return to the first coupler stage 28 at the same time. In
the absence of any disturbance in  the fibre 16, these signals are copies of
one another and the signals will interfere or 20 otherwise combine
constructively at the first coupler stage 28. However, if one of the pair  of
signals 31, S2 is modulated or otherwise modified by a disturbance along
the fibre, the  interference between the two signals will result in an
interference signal having different  spectral characteristics to the
interference signal which would otherwise be produced in  the absence of
any disturbance to the fibre 16, 25 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 glass
structure, 30 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 35 another time, the two times being separated by the
differential delay D. Thus, when an WO 20061092611
PCT!GB20061000759  5 acoustic disturbance is applied to the, optical link
16, the interference signal from the first  coupling stage 28 will be a signal
at the frequency of the applied acoustic disturbance.  Likewise, any
amplitude modulated applied to the acoustic signal will result in an
interference signal with a corresponding amplitude modulation. 5 The
frequency of the elastic wave may be a few kHz, but higher frequencies of
a few MHz  or more would allow for higher data rates. The signal
processing system includes: a photo-receiver 51 coupled to the first
coupling  10 stage 28 for converting optical signals into electrical signals;
a filter 52 for receiving  electrical signals from the photo-receiver 51 and
filtering the electrical signals; and, a  signal processing unit 54, If the
information signal introduced by the modulator is an  analogue signal, the
processing unit 54 may simply be an amplifier, since the amplitude  of the
interference signal will vary in accordance with the amplitude of the
applied acoustic 15 signal. However, if the acoustic signal is amplitude
modulated in a digital manner, the  processing unit will be a digital system.
The light source may be a Light Emitting Diode, a Fabry-Perot Laser
Diode, or a source of  amplified spontaneous emission such as an
Erbium-Doped Fibre Amplifier or a  20 Semiconductor Optical Amplifier,
but preferably the light source will be a Super Luminescent Diode, since
this has a broad and smooth power spectrum, and a short  coherence
time of about 0.5 pico seconds. The radiation produced by the optical
source  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 is injected into the interferometer
(the de-polarising unit may be for example, a Fibre Lyot  



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 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
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, WO 2006/092611 PCT/GB2006/000759
6 The first coupling stage 28, at the source side of the interferometer, will
preferably be a  3x3 coupler (with some ports terminated), whereas the
second coupling stage 130, at the  transmission side, will preferably be a
2x2 coupler, with one port terminated. The 3x3  coupler is used in order to
create a relative phase bias of 120 between the optical fields 5 on its
output ports. This can be used to improve the sensitivity of the
interferometer, It has been appreciated that the delay time D is related to
the frequency response of the  optical cable to phase modulation: that is,
the lower the detectable acoustic frequency, the  longer the delay time
must be. As a very general rule, it is helpful if the delay time is 10 longer
than the inverse of the lowest detectable frequency. Preferably, the delay
will thus  be at least 100 micro seconds, although at least 30 micro
seconds may be sufficient for  some applications. The delay time will be
particularly important if the sensing system is  operating microphonically,
such that the sensing signal is a microphonic representation of  the
seismic disturbance, However, if the sensor 102 is operating so as to
provide a simple  15 alert at a sufficiently high frequency, then lower
values of delay may be used. Sensor networks are in abundance
throughout the world's oceans to monitor seismic  events, the impact of
global warming, sand bank drift, whale and fish stock migrations,  and so
on. The recent tsunami in the Indian ocean has brought into stark clarity
the need 20 to have the right sensors, in the right place, at the right time,
particularly where lives are at  stake. Sadly the Indian ocean, and other
risk zones, currently have no sensing capability,  and there is now a
growing global effort to address that. Key to the deployment of
appropriate sensor networks is cost, and a key factor in that is the
undersea infrastructure. 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.ndbo.noaa,,qov/Dardbrief.shtml  35 incorporate an acoustic
data transmission system to convey sensor data to the surface WO
2006/092611 PCT/G132006/000759  7 bouy for onward transmission to
the shore station via orbiting satellite. The distance  between the sea-bed
sensor and the surface bouy can be around 6km in the deep ocean
http://www,ndbo.noaa,_qov/Dart/dart.shtml and the frequency of the
acoustic sonar signal  is typically 15-18kHz, which is capable of
supporting a data rate of a few 100bit/s. In one 5 of the embodiments of
the invention, such frequencies are detectable with an optical cable  link.
Figure t shows a preferred arrangement in this invention to couple data
wirelessly from  sea-bed sensors (of the type used in the DART system) to
an undersea fibre cable. The  10 acoustic data sender on the sea-bed
sensor, instead of directing the sonar signal upwards to the surface bouy,
is angled towards the undersea fibre cable. In their normal  configuration
these acoustic data systems can transmit over distances of 6km from sea
floor to surface http://www.ndbc.noaa.gov/DarUdart.shtml, therefore in
principle the sea- bed sensors in Fig 4 could be a similar distance from the
undersea cable. However, in 15 practice the clarity (turbidity), of the water
at the sea floor will be less than at shallower  depths due to sediment in
suspension, and furthermore the undersea cable is likely to be  buried to
some degree by sediment that has settled on the sea floor (note -
undersea  fibre cables in the deep ocean are not buried when laid: that is
only done in shallow  regions such as continental shelves or run-ups to
islands, where the cable may also be 20 armoured to mitigate damage
from trawlers). For these reasons it would be preferable to  locate the
sea-bed sensor relatively close to the undersea cable, say within 1km,
and to  suspend the acoustic data sender below flotation tanks some
distance above the sea  floor, say around 100-200m. Such steps should
ensure successful coupling of the sensor  



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
http:l/www.ndbc.noaa.gov/Dart/dart shtml ) via the global telecom network.
30 Benefits of this invention include ... (r) To make greater and
non-invasive use of the world's undersea fibre cable  infrastructure. WO
2006/092611 PCT/GB20061000759  8 To combine that infrastructure with
proven sea-bed sensor technology to create a  tsunami warning system
that, in principle, would be more accurate, reliable and  effective than
those already in use, such as the DART system around the Pacific  rim. 5
The preference in this invention to use existing sea-bed sensors that
wirelessly couple  data to the undersea cable is well suited to the
necessary maintenance regime of these  kind of sensors (ref the DART
system http://www,ndbc.noaa.govIDart/hrief,shtml ). Sea- bed sensors
need to be recovered at regular intervals (typically every 2 years for the 10
DART system) to replace the battery, re-calibrate the sensor, upgrade the
electronics etc.  In the DART system this Is done by sending a sonar
signal from a surface ship down to  the sea-bed sensor which releases the
anchor (usually a heavy lump of concrete that  forms the base of the
sensor housing). The sensor then floats to the surface by virtue of
flotation tanks' where it is recovered, refurbished, then re-deployed with a
fresh anchor. 15 This procedure can take place entirely independent from
the undersea fibre cable, which  is essential. One or more features of one
or more embodiments of the invention can be summarised in  terms of
one or more of the following clauses: 1. A communication system
including a  20 transmitter unit having an acoustic transmitter for
transmitting 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 S. 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 35 preceding clauses ,
wherein a flotation system is provided for retaining the transmitter unit WO
2006/092611 PCT/GB2006/000759  9 in a spaced apart relationship to the
sea bed. B. A communication system as specified in  any of the preceding
clauses , wherein a plurality of seismic sensors are provided about  the
path of the optical link 9. A communications system as specified in any of
the  preceding clauses , wherein the monitoring station is configured for
receiving sensing 5 signals previously transmitted onto the optical link,
wherein the sensing signals are formed  by pairs of signal copies, which
copies of a pair have a time delay relative to one another,  and wherein
the monitoring station is configured to combine the respective signals of a
pair so as to extract modulated data, if any, in the sensing signals. 10. A
communications  system as specified in clause 9, wherein the monitoring
station includes an optical source 10 for transmitting the sensing signals
onto the optical link, the sensing signals being  returned along the link to
the monitoring station. 11. A communications system as  specified in
clause 10, wherein reflector means are provided to return the sensing
signals. 12. A communications system as specified in any of clauses 9 to
11, wherein the  time delay is greater than the inverse of the frequency of
the modulation. 13. A 15 communications system as specified in any of
clauses 9 to 11, wherein the delay is at  least 30 micro seconds,
preferably at least 100 micro seconds. 14. A communications  system as
specified in any of clauses 9 to 13, wherein the monitoring station includes
interferometer means having a path difference associated therewith for
introducing a time  



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
communications system as specified in any preceding  clause, wherein
the or each sensor is in a spaced apart relationship to the optical link,
residing preferably at least 50 or 100 m from 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.
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 fluid 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. MU 0 LLr'  WO
2006/092611 PCT/GB2006/000759 10  Claims 1. An undersea seismic
sensing system including: a vibration sensor for sensing seismic  5
vibrations on the sea bed; a transmitter unit coupled to the vibration
sensor, the  transmitter unit being arranged to transmit, in use, an acoustic
wave from which the  presence of a seismic vibration can be inferred; and,
a flotation arrangement for retaining  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 buoyancy unit secured to the transmitter unit so as to urge the
transmitter unit in an upward direction. 3. An undersea seismic sensing
system as claimed in claim 1 or claim 2, wherein there is  15 provided a
tether arrangement for securing the transmitter unit to the sea bed. 4. An
undersea seismic sensing system as claimed in claim 4, wherein the
tether  arrangement includes a weighted base. 20 5. An undersea seismic
sensing system as claimed in any of the preceding claims,  wherein the
transmitter unit is arranged to transmit acoustic waves in a generally
downward direction. 



6. A communications system including: an undersea seismic sensor
system 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.
MCSLl.P  WO 2006/092611 PCT/G82006/000759 11  8. A method of
sensing an undersea seismic disturbance as claimed in claim 7, wherein
the acoustic signals cause a phase modulation of optical signals travelling
along the  optical link, 5 9. A method of sensing an undersea seismic
disturbance as claimed in claim 8, wherein  the optical signals are formed
by pairs of signal copies, which copies of a pair have a time  delay relative
to one another, and wherein the respective signals of a pair are combined
so as to extract modulated data , if any, in the sensing signals from which
the presence of  10 a disturbance can be inferred. 10. A method 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. 


