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(57) Abregeé/Abstract:

A buoy (20) for providing communications between an underwater craft or installation (10) and (5) remote radio communication
apparatus (40) comprises a surface module (23) comprising radio communication apparatus and a submergible module (21)
comprising acoustic communication apparatus. The surface module (23) Is hermetically sealed on launch to the submergible
module so that the buoy ascends to the water surface under its own buoyancy when launched from the underwater craft or
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(57) Abrege(suite)/Abstract(continued):
Installation. Flotation means are deployed from the buoy at the water 10 surface. The surface module Is then separated from the

submergible module at least partially to flood the submergible module to cause the submergible module to become negatively
buoyant and to descend to a predetermined depth on an umbilical communication cable mechanically and operably linking the
surface module to the submergible module.
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Fig. 1

(57) Abstract: A buoy (20) for providing communications between an underwater craft or installation (10) and (5) remote radio
communication apparatus (40) comprises a surface module (23) comprising radio communication apparatus and a submergible mod -
ule (21) comprising acoustic communication apparatus. The surtace module (23) 1s hermetically sealed on launch to the submergible
module so that the buoy ascends to the water surface under its own buoyancy when launched from the underwater crait or mstalla -
tion. Flotation means are deployed from the buoy at the water 10 surface. The surface module 1s then separated from the submergible
module at least partially to flood the submergible module to cause the submergible module to become negatively buoyant and to des -
cend to a predetermined depth on an umbilical communication cable mechanically and operably linking the surface module to the
submergible module.
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Communication buoy and method of deployment

[0001] This invention relates to a communication buoy, and a method of deployment thereof,

to provide communications with a submerged vehicle or installation.

BACKGROUND

[0002] Tethered or towed systems for providing RF communication with submerged vehicles
are known. RF communication from shallowly submerged vehicles is also known. However,
these know methods of communication entail inconvenient geographical and depth limitations

on such communications.

[0003] Sonarbuoys deployed from aircraft or surface ships are also well-known for deploying
passive or active sonar transducers below the sea surface. For example, GB 2339172
discloses a sonobuoy deployable from an aircraft. The sonobuoy has an inflatable float, an
antenna, a depth control cord for lowering a transducer to predetermined depths, a deployable
drogue to resist motion of subsea currents and tides by supplying drag in vertical and horizontal
directions and a sonar unit arranged within a canister. On detection of immersion the float is
iInflated from a gas bottle. The lower portion of the canister separates and descends, unreeling
a cable and the float and upper portion remain floating. A compliant portion of the cable
stretches and pulls the drogue and sonar unit from the canister, the drogue deploys and the
canister is jettisoned. The compliant portion of the cable also resists motion of subsea currents

and tides.

[0004] US 2009/0067289 discloses an apparatus, particularly a buoy, deployable from a
surface ship or aircraft, the buoy having communications equipment to communicate with an
above-surface vessel, including a ship, aircraft or satellite, and having a sonar transducer for
communicating with an unmanned or manned underwater vehicle, using sonar signals. The
buoy includes a fluid-tight container, and antenna and a transducer array and may be a known
sonobuoy. The watertight container may contain the communications equipment and a ballast
mechanism for adjusting the depth of the buoy. The buoy may be deployed from a ship, aircraft

or drone and multiple buoys may be used.

[0005] An acoustic to radio frequency (A2RF) buoy is also known which is launched from a
submarine’s trash disposal unit (TDU) which is located on the underside of a submarine. The
buoy Is placed into a TDU kit enclosure and an assembly of the buoy and ballast weights
ejected. The assembly Is weighted so that the buoy drops clear of the sub. At a predetermined
time or depth the ballast weights are jettisoned. The A2ZRF buoy becomes buoyant and ascends
to the surface. At the surface the TDU kit enclosure falls away and a float is inflated. The A2ZRF

has the ability to communicate on UHF or with Iridium and GPS satellites with antennas above
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the water so the buoy can communicate with aircraft, shore stations or other surface ships. An

acoustic assembly with hydrophones and a projector array for two way acoustic
communications with the submarine drops down below the buoy. The submarine can
communicate with the buoy with its sonar. Because the AZRF buoy Is free floating, there is no
wake, which makes the buoy difficult to detect. However, not all submarines have a TDU from

which a buoy can be deployed.

[0006] US 4,794,575 discloses a buoy launched from a submarine via an aft signal ejector,
whereon the buoy buoyantly ascends to the surface, remaining tethered to the submarine to
transmit sea surface information back to the submarine. The device comprises a multi-
chambered, buoyant cylindrical metal shell including a long data downlink with spooling means
and a buoyant lifting body which flies the data wire away from the launching platform. The buoy
conforms to the physical size constraints and operational characteristics of existing signal
ejector launched devices and, for example, the buoy is a similar size as, and is launched in the
same manner as, submarine expendable bathythermographs that are used to measure a sound
velocity profile of deep ocean waters. The buoy has a first hermetically sealed chamber in an
upper portion of the buoy and a second chamber hermetically sealed by a spool of datalink
cable held in place at depth by seawater pressure. Upon gjection, a lifting portion remains
connected by a datalink cable to the submarine and a remaining portion rises to the surface,
unspooling the datalink cable from the lifting portion and from the buoyant ascending portion. At
the surface, a reduction in seawater pressure allows the spool to fall away flooding the second
chamber with seawater to deploy a weight suspended below the floating buoy. The first
hermetically sealed chamber is provided with dissolvable plugs which, after approximately 5-10
minutes immersion in seawater, dissolve allowing the first chamber to flood and the buoy to be

scuttled upon the datalink also being cut.

[0007] There remains a requirement for a means readily and rapidly deployable from a
submerged vehicle or installation, in particular a submarine, for providing two-way global voice
and data communications to and from the submerged vehicle or installation, without impeding

manoeuvrability or operation of the submarine.

BRIEF SUMMARY OF THE DISCLOSURE

[0008] In accordance with a first aspect of the present invention there is provided a buoy for
providing communications between an underwater craft or installation and remote radio
communication apparatus, the buoy comprising: a surface module comprising radio
communication apparatus, the surface module being hermetically sealed on launch to a
submergible module comprising acoustic communication apparatus, the combined surface
module and submergible module being arranged for the buoy to ascend to the water surface

under its own buoyancy when launched from the underwater craft or installation; flotation
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means for deployment from the buoy at the water surface; control means; and separation

means arranged to separate the surface module from the submergible module under control of
the control means at least partially to flood the submergible module to cause the submergible
module to become negatively buoyant so that the submergible module descends to a
predetermined depth on an umbilical communication cable mechanically and operably linking

the surface module to the submergible module.

[0009] Conveniently, the buoy is launchable with a centre of mass of the buoy substantially
above a centre of buoyancy so that the buoy is arranged to right itself after launch until the
centre of mass is substantially vertically below the centre of buoyancy during ascent of the

buoy.

[0010] Conveniently, the control means is arranged to trigger deployment of the flotation

means after a first predetermined time from the buoy being launched.

[0011] Advantageously, the flotation means comprises a flotation bag arranged to erect at least

one antenna.

[0012] Advantageously, the at least one antenna comprises a radio communications antenna

and a GPS antenna.

[0013] Conveniently, the radio communication apparatus comprises GPS apparatus to obtain a
GPS fix.

[0014] Advantageously, the control means is arranged to trigger separation of the surface

module from the submergible module after obtaining the GPS fix.

[0015] Alternatively, the control means is arranged to separate the surface module from the

submergible module after a second predetermined time from deploying the flotation means.

[0016] Advantageously, the buoy is arranged to deploy from the submergible module: a first
portion of communication cable connected between the surface module and cable dampening
means; the cable dampening means; and a second portion of the umbilical communication

cable connected between the cable dampening means and the submergible module.

[0017] Conveniently, the cable dampening means comprises drogue means and compliant
linking means mechanically linking the first portion of communication cable to the second
portion of communication cable for substantially uncoupling at least one of horizontal and

vertical motion of the deployed surface module from the deployed submergible module.
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[0018] Advantageously, a portion of the communication cable is coiled around the compliant

linking means.

[0019] Conveniently, the submergible module comprises spool means arranged to de-spool the

second portion of the communication cable from the spool means.

[0020] Advantageously, the compliant linking means is arranged to decelerate the submergible

module when the second portion of communication cable is deployed to a predetermined depth.

[0021] Conveniently, the submergible module comprises a ring transducer for transmitting and

receiving acoustic communications.

[0022] According to a second aspect of the invention, there is provided a method of providing
communications between an underwater craft or installation and remote radio communication
apparatus comprising: launching, from the underwater craft or installation, a buoy comprising a
surface module comprising radio communication apparatus, the surface module being
hermetically sealed to a submergible module comprising acoustic communications means such
that the buoy ascends to the water surface under its own buoyancy; deploying flotation means
from the buoy at the water surface; initialising the radio communication apparatus; separating
the surface module from the submergible module at least partially to flood the submergible
module to make the submergible module negatively buoyant and lowering the submergible
module to a predetermined depth on an umbilical communication cable mechanically and
operably linking the surface module to the submergible module; and initialising the acoustic

communication apparatus.

[0023] Conveniently, the buoy is launched with a centre of mass of the buoy substantially
above a centre of buoyancy so that buoy rights itself after launch until the centre of mass is

substantially vertically below the centre of buoyancy during ascent of the buoy.

[0024] Advantageously, the method comprises deploying the flotation means after a first

predetermined time from launching the buoy.

[0025] Conveniently, deploying the flotation means comprises deploying flotation bag means

which erects at least one antenna.

[0026] Conveniently, erecting at least one antenna comprises erecting a radio communications

antenna and a GPS antenna.

[0027] Advantageously, initialising the radio communication apparatus further comprises
obtaining a GPS fix.
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[0028] Conveniently the method comprises separating the surface module from the

submergible module only after obtaining the GPS fix.

[0029] Alternatively, the method comprises separating the surface module from the

submergible module after a second predetermined time from deploying the flotation means.

[0030] Advantageously, lowering the submergible module to a predetermined depth on an
umbilical communication cable comprises deploying from the submergible module: a first
portion of communication cable connected between the surface module and cable dampening
means; the cable dampening means; and a second portion of the umbilical communication

cable connected between the cable dampening means and the submergible module.

[0031] Conveniently, the cable dampening means comprises drogue means and compliant
linking means mechanically linking the first portion of communication cable to the second
portion of communication cable for substantially uncoupling at least one of horizontal and

vertical motion of the surface module from the deployed submergible module.

[0032] Conveniently, a portion of the communication cable is coiled around the compliant

linking means.

[0033] Conveniently, the submergible module comprises spool means and deploying the
second portion of communication cable comprises de-spooling the second portion from the

spool means.

[0034] Advantageously, the compliant linking means decelerates the submergible module when

the second portion of communication cable is deployed to a predetermined depth.

[0035] Conveniently, the method comprises transmitting and receiving acoustic

communications using a ring acoustic transducer of the submergible module.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Embodiments of the invention are further described hereinafter with reference to the

accompanying drawings, in which:

Figure 1 iIs a schematic diagram of a communication system using the buoy of the
present invention;

Figure 2 Is an external perspective view of the buoy of the present invention before
deployment;

Figure 3 is a schematic drawing of the buoy of Figure 2 as deployed;
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Figure 4 is a perspective exploded view of the buoy of Figure 3, showing an RF

communications portion, a central spool portion and an acoustic communication portion;

Figure 5 is a partially cut-away perspective drawing of the central spool portion of
Figure 4;

Figure 6 Is an exploded perspective view of a bulkhead and associated components
located between the central spool portion and the RF communications portion of Figure 4;

Figure 7 is a perspective view of the assembled bulkhead of Figure ©6;

Figure 8 is a vertical cross-section of the bulkhead of Figure ©;

Figure 9 is a partially cut-away perspective drawing of a surface RF communications
portion and flotation bag of the buoy of Figure 4; and

Figure 10 is a flowchart of a method of deploying the buoy of the invention.

DETAILED DESCRIPTION

[0037] Referring to Figure 1, a communication buoy 20 according to the invention provides
underwater communication between a submerged acoustic communications module 21 of the
buoy and a submerged vehicle or installation such as a submarine 10. The submerged acoustic
module 21 is connected by an umbilical communication cable 24 to a floating surface module
23 of the buoy 20 which provides RF communication with a base station 40 for example via a
communication satellite 30. Conveniently the submerged acoustic module 21 comprises an
acoustic transducer 211 for communicating with the submerged vehicle 10 or installation
acoustically. A ring transducer has been found to be suitable but other forms of transducer may

alternatively be used.

[0038] Referring to Figure 2, in which the buoy 20 is illustrated before deployment, and
Figure 4 showing an exploded view, the buoy is cylindrical comprising three equal radius
cylindrical portions arranged before deployment on a common longitudinal axis. A first
cylindrical acoustic portion 21, negatively buoyant in seawater and submerged below the water
surface in use, comprises, for example, an acoustic transducer 211 and modem for
communication between the buoy and a submerged vehicle or installation similarly equipped

with a cooperating acoustic transducer and modem.

[0039] Referring to Figures 4 and 5, a second cylindrical spool portion 22 comprises a spool
assembly 221 for stowing the umbilical communication cable 24 before deployment and a cable
damper 222 housed within a cylindrical tube 223. The cylindrical spool is joined to a RF portion
23 by a bulkhead 231. Referring to Figure 6, the bulkhead 231 is joined to the cylindrical tube
223 by at least one radial shear pin 232 housed within a shear pin insert 233. Located on a face

of the bulkhead there Is further provided a communication cable anchor 224 and a



CA 02845265 2014-02-13
WO 2013/024258 PCT/GB2012/051913

v
communication cable gland 225 and gland cover 226 to provide an entrance to a passage for

the communication cable through the bulkhead 231.

[0040] The spool section 22 also contains, located on the bulkhead 231, a release
mechanism 30 for releasing the cylindrical tube 223 from the bulkhead 231 thereby separating
the spool portion 22 from the RF portion 23. The release mechanism 30 comprises a
compressed gas cylinder 31, a protractor 32 for piecing the compressed gas cylinder 31 and a
gas manifold 33. On piecing the compressed gas cylinder pressure within the spool portion
acting on the bulkhead increases sufficiently to shear the at least one shear pin 232, separating

the spool portion 22 from the RF communications portion 23.

[0041] As described below, the cable damper 222 comprises a compliant portion of the
communication cable and a drogue 243. The second, central spool portion 22, is positively
buoyant in seawater in the un-separated buoy. Communicating voids in the central spool
portion may be occupied by gas, such as air, to provide the required buoyancy, but at least
partial evacuation of the voids is alternatively envisaged. The submergible module of the buoy

comprises the first cylindrical portion and the second cylindrical portion.

[0042] Referring to Figures 4 and 9, a third RF portion 23, arranged to float at the water
surface in use as a surface module, comprises a hermetically sealed chamber housing an RF
modem and transceiver, a battery pack for powering the buoy, a GPS unit and a chamber

housing the un-deployed flotation system 231.

[0043] The cylindrical portions of the buoy are conveniently housed in aluminium tubes with
Acetol bulkheads and sealed together using o-rings. The separate cylindrical portions allow
reconfiguration of the buoy so that the communications systems can be customised for specific

applications without affecting the second cylindrical spool portion.

[0044] In the illustrated embodiment the buoy may be launched from a submarine submerged
signal gjector with a 100 mm internal diameter with which submarines are typically equipped for
emergency use. In this embodiment, the buoy 20 of the invention preferably has an external
diameter of substantially 100 mm and an axial length of less than 1000 mm, to form a sliding fit
in the signal ejector. It will be understood that the buoy may have a different external diameter

to provide a sliding fit with an ejector with a different internal diameter.

[0045] In use a submarine 10 launches the buoy 20 and then remains within acoustic

communication range of the buoy to send or receive communications.

[0046] Referring also to the flowchart of Figure 7, the buoy is ejected 71 from an upper
surface, for example from a submerged signal ejector, of the submarine with the buoy inverted,
l.e. with the acoustic module 21 uppermost. Launching the buoy with the heaviest part of the

buoy foremost minimizes cartwheeling of the buoy immediately after launch. The positive
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buoyancy of at least the central spool module 22 and the negative buoyancy of the acoustic

module 21 create a turning moment to right 72 the un-separated buoy 20. That is, the buoy is
ejected with the centre of mass above the centre of buoyancy and rights itself after launch so
that the buoy Is In rotational equilibrium with the centre of mass substantially vertically below the

centre of buoyancy during ascent of the buoy to the water surface.

[0047] The complete un-separated buoy is just sufficiently positively buoyant in seawater that
on deployment the complete buoy ascends 73 to the water surface sufficiently slowly not to
cause the buoy dramatically to breach the water surface. The fact that the un-separated buoy is
itself buoyant in seawater in the described embodiment provides the advantage of obviating any
requirement to inflate any buoyancy aids at depth and subsequently to vent buoyancy gas
during or after the ascent, which might otherwise betray the presence of the buoy. The RF and

acoustic communications equipment in the buoy may be powered up as the buoy ascends.

[0048] All deployment events after launch are triggered by an onboard microcontroller located
In the RF module 23 which provides timed triggered events obviating a requirement for sensors.
The timing of these timed events may be set prior to launch dependent on a depth from which

the buoy is launched. However, it will be understood that sensors could alternatively be used.

[0049] After a preset time, on or after reaching the water surface, the RF module deploys 74 a
floatation system and surface GPS and communications antennae from the RF module. For
example, a cylindrical airbag 231 Is deployed to envelop the antennae with the dual function of
providing buoyancy to the separated buoy and supporting and protecting the antennae. A
cylindrical polyurethane bag inflated from a carbon dioxide canister 232 which is punctured by a
protractor arrangement has been found to be suitable. The inflated airbag resembles a spar
style buoy with a small surface cross-section. It will be understood that instead of using a timer,

one or more sensors could be used to determine when the buoy was on the surface.
[0050] The RF communications apparatus is then initialised 75.

[0051] Referring also to Figures 6 to 8, after the deployment of the flotation system, the RF
surface module 23 is separated 76¢ from the submergible module 21, 22 by piercing the
compressed gas cylinder 31 thereby shearing the at least one shear pin 232 retaining the tube
223 of the spool portion on the bulkhead 231, thereby allowing the spool portion 22 to flood with
seawater and become negatively buoyant so that the submergible spool portion 22 and
acoustic portion 21, forming the submergible module, sink away together from the RF surface
module 23. This separation may be delayed until the surface module has detected 76a a GPS
signal. This Is particularly advantageous where the buoy is recoverable if no GPS signal is
detected. As the spool portion 22 and acoustic portion 21 descend together, a first portion 241

of umbilical communication cable 24 operably and mechanically connected at a first end to the
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RF module 23 is deployed from the spool portion 22 followed by a drogue 243 which deploys on

becoming free from the spool portion. A remaining portion 242 of umbilical communication
cable 24, longer than the first portion 241, but with an effective length dependent on the depth
of the submarine from which the buoy was launched, is then unspooled from the spool module
22. The first portion 241 of the umbilical communication cable 24 may be, for example, 2.5 m

long and the second portion 242 of the umbilical communication cable 100 m long.

[0052] The first portion 241 of the umbilical communication cable has a compliant potion, not
shown, which, after deployment, decouples sea surface motion of the RF module 23 from the
submerged acoustic and spool modules 21, 22 and also decelerates 78 the submerged
acoustic and spool modules at the end of the descent without damage to the lightweight
umbilical communication cable 24. The compliant portion may comprise a resiliently extendible
link about which a portion of the umbilical communication cable 24 is coiled. As indicated

above, the compliant portion and the drogue 243 together form the cable damper 222.
[0053] The acoustic communications apparatus is then initialised 79.

[0054] The umbilical communication cable 24 is a single core cable, saving weight and space
when stowed, compared with a twin core cable, while being sufficiently strong to tether the RF
module 23 to the second and third modules 22, 21. When deployed in salt water, a return signal

path is provided through the surrounding electrically conductive salt water.

[0055] A combined transducer and modem power amplifier assembly is used to simplify
mounting in the acoustic module 21. A bulkhead is used to attach the acoustic transducer to the

body of the buoy and to provide thermal management of the acoustic modem power amplifier.

[0056] The use of low earth orbit satellite communications, for example the Iridium satellite

system, for above water communications provides global coverage.

[0057] The described gateway buoy has the advantage that is can be deployed from a moving
submarine or other undersea vehicle and does not subsequently hamper manoeuvrabillity or

unduly restrict an operating depth of the undersea vehicle.

[0058] Although an embodiment of the buoy suitable for deployment from a submerged signal
ejector of a submarine has been described, it will be understood that the buoy, with suitable
repackaging if necessary, could instead be deployed from a surface craft or an airborne vehicle

or platform, with suitable settings of the deployment timings.

[0059] Although described as providing communications with a vehicle or installation
launching the buoy, it will be understood that the buoy could instead, or as well, provide
communications with a different underwater vehicle or installation from the vehicle or installation

which launched the buoy. This is a further advantage over a tethered buoy in which
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communications are passed only through the tether connecting the launched buoy to the launch
vehicle.

[0060] Although an embodiment has been described using RF communications, it will be
understood that wireless communications at other frequencies, for example optical frequencies,
may be used.

[0061] In addition to two-way communications, the buoy may also provide GPS and status data
to the submarine, allowing a crew to make effective operational use of the system. Other
applications include emergency communication and indicator buoys, environmental
assessment, surveillance and submarine paging.

[0062] Following use, the buoy may be scuttied to sink to the seabed and erase its volatile
memory. The buoy may be scuttled either on depletion of its battery or on command.
Alternatively, the buoy may be recoverable and reusable.

[0063] Throughout the description and claims of this specification, the words "comprise" and
"contain" and variations of them mean "including but not limited to", and they are not intended to
(and do not) exclude other moieties, additives, components, integers or steps. Throughout the
description and claims of this specification, the singular encompasses the plural unless the
context otherwise requires. In particular, where the indefinite article is used, the specification is
to be understood as contemplating plurality as well as singularity, unless the context requires
otherwise.

[0064] Features, integers, characteristics, compounds, chemical moieties or groups described
in conjunction with a particular aspect, embodiment or example of the invention are to be
understood to be applicable to any other aspect, embodiment or example described herein
unless incompatible therewith. All of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), and/or all of the steps of any method or process
so disclosed, may be combined in any combination, except combinations where at least some
of such features and/or steps are mutually exclusive. The invention is not restricted to the
details of any foregoing embodiments. The invention extends to any novel one, or any novel
combination, of the features disclosed in this specification (including any accompanying claims,
abstract and drawings), or to any novel one, or any novel combination, of the steps of any
method or process so disclosed.

The reader's attention is directed to all papers and documents which are filed concurrently with
or previous to this specification in connection with this application and which are open to public
inspection with this specification.
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CLAIMS

1. A buoy for providing communications between an underwater craft or installation and
remote radio communication apparatus, the buoy comprising:

a surface module comprising radio communication apparatus, the surface
module being hermetically sealed on launch to a submergible module comprising
acoustic communication apparatus, the combined surface module and submergible
module being arranged for the buoy to ascend to the water surface under its own
buoyancy when launched from the underwater craft or installation;

flotation means for deployment from the buoy at the water surface;

control means: and

separation means arranged to separate the surface module from the
submergible module under control of the control means at least pa'rtially to flood the
submergible module to cause the submergible module to become negatively buoyant so
that the submergible module descends to a predetermined depth on an umbilical
communication cable mechanically and operably linking the surface module to the
submergible module.

2. A buoy as claimed in claim 1, wherein the buoy is launchable with a centre of mass of
the buoy substantially above a centre of buoyancy so that the buoy is arranged to right
itself after launch until the centre of mass Is substantially vertically below the centre of
buoyancy during ascent of the buoy.

3. A buoy as claimed in claim 1 or claim 2, wherein the control means is arranged to trigger
deployment of the flotation means after a first predetermined time from the buoy being
launched.

4. A buoy as claimed in any one of claims 1 to 3, wherein the flotation means comprises a
flotation bag arranged to erect at least one antenna.

5. A buoy as claimed in claim 4, wherein the at least one antenna comprises a radio
communications antenna and a GPS antenna.

6. A buoy as claimed in any one of claims 1 to 5, wherein the radio communication
apparatus comprises GPS apparatus to obtain a GPS fix.

/. A buoy as claimed in claim 6, when the control means Is arranged to trigger separation
of the surface module from the submergible module after obtaining the GPS fix.

8. A buoy as claimed in any one of claims 1 to 7, wherein the control means is arranged to
separate the surface module from the submergible module after a second predetermined
time from deploying the flotation means.

9. A buoy as claimed in any one of claims 1 to 8, arranged to deploy from the submergible
module:
a first portion of communication cable connected between the surface
module and cable dampening means;
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the cable dampening means; and
a second portion of the umbilical communication cable connected
between the cable dampening means and the submergible module. '

10. A buoy as claimed in claim 9, wherein the cable dampening means comprises drogue

11.

means and compliant linking means mechanically linking the first portion of
communication cable to the second portion of communication cable for substantially
uncoupling at least one of horizontal and vertical motion of the deployed surface module
from the deployed submergible module.

A buoy as claimed in claim 10, wherein a portion of the communication cable is coiled
around the compliant linking means.

12. A buoy as claimed in claim 10 or claim 11, wherein the submergible module comprises

13.

14.

195.

16.

17.

spool means arranged to de-spool the second portion of the communication cable from
the spool means.

A buoy as claimed in claim 10, wherein the compliant linking means Is arranged to
decelerate the submergible module when the second portion of communication cable Is
deployed to a predetermined depth.

A buoy as claimed in any one of claims 1 to 13, wherein the submergible module
comprises a ring transducer for transmitting and receiving acoustic communications.

A method of providing communications between an underwater craft or installation and
remote radio communication apparatus comprising:

launching, from the underwater craft or installation, a buoy comprising a
surface module comprising radio communication apparatus, the surface module being
hermetically sealed to a submergible module comprising acoustic communications
means such that the buoy ascends to the water surface under its own buoyancy;

deploying flotation means from the buoy at the water surface;

initialising the radio communication apparatus;

separating the surface module from the submergible module at least
partially to flood the submergible module to make the submergible module negatively
buoyant and lowering the submergible module to a predetermined depth on an umbilical
communication cable mechanically and operably linking the surface module to the
submergible module; and

initialising the acoustic communication apparatus.

A method as claimed in claim 15, wherein the buoy is launched with a centre of mass of
the buoy substantially above a centre of buoyancy so that buoy rights itself after launch
with the centre of mass substantially vertically below the centre of buoyancy during
ascent of the buoy.

A method as claimed in claim 15 or claim 16, comprising deploying the flotation means
after a first predetermined time from launching the buoy.
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18. A method as claimed in any one of claims 15 to 17, wherein deploying the flotation
means comprises deploying flotation bag means which erects at least one antenna.

19. A method as claimed in claim 18, wherein erecting at least one antenna comprises
erecting a radio communications antenna and a GPS antenna.

20. A method as claimed in any one of claims 15 to 19, wherein initialising the radio
communication apparatus further comprises obtaining a GPS fix.

21. A method as claimed in claim 20, comprising separating the surface module from the
submergible module only after obtaining the GPS fix.

22. A method as claimed in any one of claims 15 to 20 comprising separating the surface
module from the submergible module after a second predetermined time from deploying
the flotation means.

23. A method as claimed in any one of claims 15 to 22, wherein lowering the submergible
module to a predetermined depth on an umbilical communication cable comprises
deploying from the submergible module:

a first portion of communication cable connected between the surface
module and cable dampening means;

the cable dampening means; and

a second portion of the umbilical communication cable connected
between the cable dampening means and the submergible module.

24. A method as claimed in claim 23, wherein the cable dampening means comprises
drogue means and compliant linking means mechanically linking the first portion of
communication cable to the second portion of communication cable for substantially
uncoupling at least one of horizontal and vertical motion of the surface module from the
deployed submergible module.

25. A method as claimed in claim 24, wherein a portion of the communication cable is coiled
around the compliant linking means.

26. A method as claimed in claim 24 or claim 25, wherein the submergible module
comprises spool means and deploying the second portion of communication cable
comprises de-spooling the second portion from the spool means. |

27. A method as claimed in claim 24, wherein the compliant linking means decelerates the
submergible module when the second portion of communication cable is deployed to a
predetermined depth.

28. A method as claimed in any one of claims 15 to 27, comprising transmitting and
receiving acoustic communications using a ring acoustic transducer of the submergible
module.
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