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(54) Buoyancy control in an unmanned underwater vehicle

(57)  Anautonomous underwater vehicle is described
comprising a body portion, a processing device and a
propulsion device mounted within the body portion, and
sensor mounted on or within in the body portion. The
autonomous underwater vehicle includes buoyancy con-
trol means configured to enable adjustment of the posi-
tion of the vehicle during operation. The buoyancy control
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is achieved through adjustment of the mass or volume
of the vehicle in response to signals from the sensor.

A method of operating an unmanned underwater ve-
hicle (UUV) is also described. The vehicle with buoyancy
control means enhances the functionality of the vehicle
and movement during operation both in littoral waters
and also in open sea conditions.
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Description

[0001] The presentinvention relates to unmanned un-
derwater vehicles, in particular to a vehicle able to be
operated in either a mobile or a static mode and able to
alter vehicle position and vehicle buoyancy during an op-
eration.

[0002] Remotely operated vehicles (ROVs) are known
in the maritime field. One type (ROVI) can be considered
to be a free-swimming, unmanned, underwater vehicle
(UUV) 10 as shown in Figure 1a. The UUV 100 repre-
sents stand alone apparatus, configured to sense fea-
tures in a local environment 1 and make assessments
and decisions based on the output from in built or de-
ployable sensors (not shown) in combination with a pre-
determined missionreceived prior to launch of the vehicle
100.

[0003] Another type of remotely operated vehicle or
device is illustrated in Figure 1b in a tethered system. A
waterborne piece of equipment 2 (ROVII) is launched
from a base station generally a vessel (parent vehicle 6)
located at a surface of the sea (representing the opera-
tional field) or as shown here, a garage 8 located on the
sea bed 10. The ROVII is shown permanently tethered
by a cable 4 to the base station. Power and data are
transferred between the ROVII 2 and the base station
along cable 4 to enable permanent communication ther-
ebetween. The garage 8 is provided with power and a
data transfer facility via a heavy cable 12 sourced from
either a parent vehicle or from a mainland facility (not
shown).

[0004] Another type of remotely operated vehicle
(ROVII) or device is illustrated in Figure 1c. ROVIII 14
comprises one or more guide wires 20, e.g. a copper wire
or, more recently, fibre optic cables. The guide wires 20
play out as the ROVIII 14 is deployed. The guide wires
20 serve to enable two way, data only, communication
between an operator (not shown) and the ROVIII 14.
[0005] The invention will be described in use with a
ROVI but can be envisaged to be incorporated into either
a system with ROVII or with ROVIII.

[0006] The capability of the UUV or ROV depends on
the ability of the vehicle to move freely around the local
environment and pick up details of the surroundings from
sensors. It is therefore desirable to be able to increase
the range and type of movement that can be executed
by the vehicle in order to gather as much information as
possible.

[0007] Accordingto afirstaspect, the presentinvention
provides an autonomous unmanned underwater vehicle
comprising:

a body portion,

a processing device mounted within the body por-
tion;

a propulsion device mounted on or within the body
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portion;

a sensor mounted on or within in the body portion;
and

buoyancy control means configured to enable ad-
justment of the position of the vehicle during opera-
tion.

[0008] By providing an autonomous unmanned under-
water vehicle with a buoyancy control feature that can
be used during operation of the vehicle, the functionality
of the vehicle is enhanced. The autonomous vehicle can
be used in a number of positions and can respond to data
and input from sensors and collected by the vehicle. The
vehicle becomes reactive toits environment and provides
an improvement in vehicle handling and in operational
ability. The vehicle may be moved in response to a
change in tidal flow or water depth, for example by moving
to deeper water as the tide recedes at the vehicle’s lo-
cation.

[0009] Inanembodiment the buoyancy control means
is configured to enable the vehicle to move between a
first and a second underwater depth position in response
toaninput from the group of; an external sensor, a sensor
mounted on or within the vehicle, a mission plan or plan
parameter and operator input.

[0010] The position of the autonomous underwater ve-
hicle can be monitored and altered by an operator located
at a base station or in response to a mission plan previ-
ously communicated to the UUV. The operator is able to
monitor and interrogate the vehicle and, subsequently if
desired, transmit alternative or more detailed instructions
to the vehicle to change a mission strategy even during
the mission itself.

[0011] The sensors may comprise communication
means for transferring data to the processing device. In
an embodiment the communication means comprises
one of the group of acoustic, radio frequency communi-
cations including satellite communication, optical, elec-
tronic an optical fibre communication means.

[0012] Inanembodiment the propulsion means is con-
figured to enable adjustment of one of the group of trans-
lational, lateral, vertical, and rotational position of the ve-
hicle. The adjustment in the rotational position may be
rotation in one of the pitch plane and the yaw plane, al-
lowing full adjustment of the vehicle’s position. In an al-
ternative embodiment the propulsion means is config-
ured to enable adjustment of position of the vehicle in
response to an input from the group of; an external sen-
sor, a sensor mounted on or within the vehicle, a mission
plan or plan parameter and operator input. The propul-
sion means may be coupled to the buoyancy control
means, and may be coupled to drive means arranged to
create vertical thrust. The sensors and sensor connec-
tions to the propulsion means provide versatility and full
range of movement of the UUV.

[0013] Alternatively, the buoyancy control means is
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coupled to means for reducing suction force between the
vehicle and the seabed.

[0014] Inanembodiment the buoyancy control means
comprises means for altering the mass or volume of a
part of the vehicle, and the buoyancy control means may
comprise a piston in communication with a hollow part
of the vehicle. The buoyancy control means may com-
prise a vent arranged to operate an opening part of the
vehicle to take water into the vehicle in response to an
input from one of the group of; an external sensor, a sen-
sor mounted on or within the vehicle and processing
means. The buoyancy control means may comprise a
pump device to pump and expel onboard water from a
part of the vehicle.

[0015] The vehicle buoyancy can be altered by use of
mechanical means such as by pumping with a pump.
This provides for a simple adjustment with a part that can
be serviced and supplied in a standard manner from well
known stocks or well established supply lines.

[0016] In an embodiment the processing device can
be arranged in communication with a base station, in the
embodiment the processing device is configured to acti-
vate the propulsion means and the buoyancy control
means in response to an instruction from a base station,
in response to a detected behaviour of the vehicle, or
both a detected behaviour and an instruction from a base
station.

[0017] According to a second aspect, the present in-
vention provides a method of operation of an unmanned
underwater vehicle (UUV) comprising the steps of:

determining a mode of operation of the vehicle, de-
pendent upon mission criteria;

supplying instructions to the vehicle;
launching the vehicle;

collecting data from sensors located on board the
vehicle;

collecting data from external sensors; and

adjusting the position of the vehicle during operation
in response to an input from the sensors.

adjusting the buoyancy of the vehicle in response to
an input from .the sensors.

[0018] Inan embodimentthe method of operation may
include the step of deploying one or more external sen-
sors from the vehicle. In an embodiment the method in-
cludes the step of adjusting the buoyancy of the vehicle
in response to an input from the sensors.

[0019] A UUV that is able to move and relocate to a
different position on the seabed improves the function-
ality and operational ability of the vehicle and by allowing
the UUV to land and dock on the seabed energy is not
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expended in maintaining the vehicle’s position in the
open water and within a tidal flow.

[0020] The presentinvention is now described in more
detail, with reference to the accompanying drawings, in
which:

Figure 1 illustrates three different types of remotely
operated vehicles;

Figure 2 illustrates a first embodiment of an UUV
with buoyancy control;

Figure 3a illustrates a second embodiment of an
UUV with buoyancy control of the present invention;

Figure 3b illustrates the buoyancy control of Figure
3a in further detail;

Figure 4 illustrates a data carrier in more detail;

Figure 5 illustrates a schematic arrangement of a
UUV and sensors of the present invention;

Figure 6 illustrates a communications system in use
with the autonomous unmanned underwater vehicle
of Figures 2 and 3;

Figure 7a illustrates a first alternative arrangement
of a communication system in use with the autono-
mous unmanned underwater system of Figure 5; and

Figure 7b illustrates a second alternative arrange-
ment of a communication system in use with the au-
tonomous unmanned underwater system of Figure
5.

Figure 1a illustrates a ROV operating as a conven-
tional UUV 100, the vehicle’s autonomy allows it to
achieve a freedom of movement to enable compre-
hensive use of its sophisticated design.

[0021] In circumstances whereby it is beneficial to op-
erate the UUV 14 in a supervised mode, such a mode
can be achieved as illustrated in Figures 1 b and 1c
whereby data collected by the UUV may be monitored
by and/or passed back to a base station or operator (not
shown) for further analysis and/or assessment. Conse-
quently, decision making can be undertaken by the op-
eratorand high level mission changes can be considered.
Instructions to implement these changes can then be re-
turned to the vehicle for exploitation.

[0022] Figures 2 and 3 each represent an unmanned
underwater vehicle (UUV) 200, 300 with buoyancy con-
trol, each configured to pass through a body of water and
collect data from the underwater environment via one or
more onboard or deployable sensing devices (not
shown).

[0023] Each UUV 200, 300 is able to operate in a fully
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autonomous mode in isolation or (as illustrated) each
UUV 200, 300 may be tethered to a respective base sta-
tion (e.g. a parent vehicle 302, 502 located at a surface
of the body of water) or to another UUV via a data transfer
cable mechanism 20 as described in co-pending appli-
cation GB0916062.3.

[0024] In a first embodiment shown in Figure 2 the
buoyancy control means comprises a floodable tank 204
located within the vehicle 200. Fluid communication es-
tablished between the tank 204 and a valve or vent 206,
allows ingress and egress of water, in particular sea wa-
ter, therebetween. The valve 206 is configured to open
to admit water into the tank 204 and to open to allow
water to be expelled from the tank 204. The buoyancy
control means also comprises a means to expel water
from the tank 204 comprising a store 208 of pressurised
gas or a pump P and pump control. The water expulsion
means such as the pump P, or the reservoir of com-
pressed gas is configured, when activated, to pump or
expand gas into the floodable tank, which on expansion
causes displacement of the water therein. The pump P
can be activated upon receipt of suitable instruction from
an operator, the vehicle mission plan or vehicle sensors.
The water pump P and the store 208 of pressurised gas
allow the flow of water to be reversed and the tank 204
can be emptied.

[0025] The valve and tank arrangement illustrated in
Figure 2 creates a constant volume portion of the vehicle
200 having a variable mass, thus altering the buoyancy
of the vehicle 200. The vehicle 200 becomes heavier and
less buoyant, and can sink towards the seabed with
floodable tank 204 full of water. In contrast, the vehicle
200 becomes more buoyant with air or other pressurised
gas released from the store 208 into the tank 204. In this
scenario the vehicle has less mass and weight in the
water and will rise towards the surface.

[0026] In a second embodiment shown in Figure 3a
and Figure 3b the buoyancy control means comprises a
compressible cylinder 302, holding a constant mass and
providing a variable volume. A fluidic operated cylinder,
such as a pneumatic or a hydraulic cylinder is provided.
[0027] The valve and tank arrangement illustrated in
Figure 3b creates a portion 304 of the vehicle 300 with
constant mass having a variable volume, thus changing
the density of that region and altering the buoyancy of
the vehicle 300. With the cylinder 302 in compression
the displacement caused by the constant mass portion
304 is less, thus the vehicle 300 becomes less buoyant,
and can sink towards the seabed. In contrast, the vehicle
300 becomes more buoyant with the cylinder 302 in ex-
pansion such that the same constant mass portion 304
can be considered to have displaced a greater volume
within the water. In this scenario the vehicle 300 has less
effective weight in the water, is more buoyant and will
rise towards the surface of the sea. The expansion and
contraction or compression of the cylinder that would oc-
cur in operation is indicated by the double-headed arrow
A'in Figure 3b.
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[0028] In operation, the valve 206 in combination with
the pump P and store 208 arrangement of Figure 2, or
the cylinder 302 can be used to control buoyancy of the
vehicle 200, 300 and enable an adjustment of the under-
water depth position.

[0029] The UUV 200, 300 additionally comprises pro-
pulsion means 212, 312 providing fore and aft motion
and manoeuvring in the yaw plane for driving and direct-
ing the UUV, a sensor 214, 314 mounted on or within in
the body portion and one or more vertical thrust means
215, 315 located at the outer surface of the vehicle and
capable of thrusting a jet of water in a direction away from
the vehicle either towards the seabed or towards the sur-
face. The force equal and opposite to the thrust force of
water jetted out from the thrust means 215, 315 provides
lift and upward force to raise the vehicle a distance to-
wards the surface or push the vehicle a distance towards
the seabed. In particular, the vertical thrust means 215,
315 are configured to provide sufficient lift and upward
force to move a vehicle 200, 300 upwards should the
vehicle become submerged or stuck on the floor of the
seabed. In such circumstances the buoyancy control
means may be insufficient to provide the lift necessary
to adjust the underwater depth position of the vehicle and
to raise the vehicle. The propulsion means 212, 312 and
thrust means 215, 315 jetting water towards or away from
the seabed are arranged in communication with the buoy-
ancy control means and are responsive to the buoyancy
control providing adjustment of the vertical depth position
and orientation. In an embodiment the UUV 200, 300
comprises reducing the suction force between the vehicle
and the seabed to further aid propulsion and lift of the
vehicle in asituation where the vehicle may have become
trapped or stuck to material on the seabed.

[0030] In the vehicle shown in Figures 2, 3a and 3b,
sensors 214, 314 are located on the upper, middle, front
(fore) portion of the vehicle. Sensors may be located on
other parts of the vehicle, or have been deployed from
the vehicle, as appropriate. The sensors 214, 314 are
acoustic sensors but other types of sensors may be used
and various numbers of sensors may be used on each
vehicle in a group of vehicles if necessary. The sensors
such as the acoustic sensors described detect the height
above the seabed or from the seafloor other sensors such
as optical sensors could be used for this height meas-
urement. The depth below the surface can also be mon-
itored by sensors such as optical means, pressure sen-
sitive means and acoustic sensors. Different operational
and external conditions may exist at different depths and
positions and accurate sensing techniques are required.
[0031] Preferably a number of sensors are laid down
or deployed by the vehicle, for example around 15 to 40
sensors, to collect information and data on the surround-
ing environment and operational or functional details of
the vehicle 200, 300 itself. Fewer sensors may be pro-
vided in a situation where resource and/or space is lim-
ited, for example. The sensors may be deployed and
linked via a cable such as a fibre optic cable such that
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communication is provided between the sensors and the
vehicle and between the sensors themselves. Figure 4
illustrates a vehicle 400 configured to deploy a robust
cable 40 comprising sensors 415 to 417. The sensors
415, 416, 417 are arranged to rest on the seabed. The
cable 40 is preferably a fibre optic cable having a diam-
eterinthe range of 0.1 to 5 mm, preferably approximately
0.25 mm. The diameter of the spool assembly 42 used
to dispense the cable 40 is matched to the cable 40, so
that the spool assembly 42 can accommodate the bent
diameter of the cable 40. The spool assembly 42 is lo-
cated at the rear of the vehicle 400 and arranged so as
to cause minimum disruption to the trim of the vehicle
400. The length of cable 40 is preferably up to approxi-
mately 1 km but may readily exceed this and be inarange
up to 10 or 20 km. Thus sensors can be located over a
significant area of the seabed and a significant body of
water and target region can be monitored. The sensors
are set out in a physically connected relationship and
communication, for example with a TCP/IP link, is estab-
lished between the sensors along the cable and with a
base station as appropriate.

[0032] A proximal portion of the cable 40 is permanent-
ly connected to the spool assembly 42 whilst a distal end
of the cable 40 comprises a sensor 417. In an alternative
embodiment (not shown) a distal end of the cable 40
comprises an end cap portion. In a further alternative the
cable 40 may have been deployed and separated from
a deploying vehicle at an earlier time leaving the sensors
to be stand alone sensors or connected as a group. In
that instance a plug and socket arrangement provide for
release of a sensor from the cable 40 to rest on the sea-
bed 44. A plug is provided at a releasable sensor and a
socket provided at a portion of the cable 40 is configured
to receive the plug in a releasable manner.

[0033] Inan alternative, the sensors may be deployed
by a manned vehicle individually or by an airborne asset
such that sensors external to the UUV are stand alone.
The sensor may be provided in operable communication
with the UUV by acoustic methods underwater or may
provide surface sensing by radio communications above
the surface of the water. The limits of individual sensors
will be determined by their type, for example surface sen-
sors will be limited to a line of sight communication,
around 14km for an antenna at 1 m above the surface of
the water. Communications to the satellite will be limited
to the data rate accepted and detected by the satellite.
[0034] The sensors described above mounted on the
vehicle or deployed from a vehicle are arranged in com-
munication with a processing device. The sensor ar-
rangement will be described with reference to Figure 4
and Figures 5a and 5b. A first sensor 51 and a second
sensor 52 are arranged in communication with a process-
ing device (represented as 420 and 520 in Figures 4 and
5) and a buoyancy control means 512 such that the po-
sition of the vehicle 400 in depth and the orientation of
the vehicle may be adjusted in response to input received
from the sensors 51, 52. In one embodiment illustrated
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in Figure 5a the sensors are arranged in direct commu-
nication with the processing device.

[0035] In addition the processing device may be capa-
ble of receiving input from other sources or sensors ex-
ternal to the system and suitable for use when assessing
the vehicle and environment conditions for adjusting the
position of the vehicle. In response, for example, to a
threat or an input signal or information on a target under
surveillance. Other types of sensor include surface
mounted sensors such as buoys having acoustic or op-
tical communication means such as by IR (from an infra-
red optical source) or a blue/green laser with output in
the visible range. Communication between sensors and
from the vehicle to the sensors can be by optical, acous-
tic, IR signals and other known means as appropriate.
[0036] A communicationand command control system
used with the embodiment described above is illustrated
in Figure 6, with like numbers representing like features
in the Figures, including communication means, satellite
600, andin Figure 7a, a gateway buoy 650, both provided
in communication with a base station 700. The sensors
614a, 614b, 614c, 614d, 614e, 614f are mounted on a
series of UUVs located, for example within a narrow
stretch of water or at the mouth of a harbour. Additional
sensors (not shown) may be located on or within the UU-
Vs. The sensors may monitor acoustic signatures, pres-
sure waves from passing ships and vehicles, magnetic
details and signatures, chemical traces such as hydro-
carbons in the grease and oil from passing ships, varia-
tions in electric fields, CBRN signatures and signals, or
combinations of two or more of these characteristics. II-
lustrated in Figure 6 is an arrangement with each sensor
is arranged in communication with its’ immediate neigh-
bours and with those sensors located across the water
to be monitored. For example, sensor 614b is arranged
in communication with sensors 614a and sensor 614c
and with sensor 614e opposite. The communication may
be by any one of IR, optical or acoustic means or by line
of sight communication. In this scenario the UUVs act as
a monitoring 'web’ and can be arranged to detect and
respond to traffic and movement within the stretch of wa-
ter they occupy. The communications system can be ar-
ranged such that all the sensors are in communication
with each other, as represented by the dashed lines in
the Figures. The embodiment of Figure 6 and Figure 7a
illustrate an ad hoc network system. Other network ar-
rangements may be used, for example as shown in Fig-
ure 7b, with surface vessels 6, static and moving objects
720 such as rocks or fish, and airbourne assets or sen-
sors 750 or comprising an arrangement of full connec-
tivity or a sub set of the connectivity shown and described
herein.

[0037] An ad hoc network is a known operational ar-
rangement for a network however, this is resource inten-
sive and can be complex requiring significant processing
power. In addition physical and operational parameters
limit the communication possible between sensors and
this needs to be taken into account when setting out the
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monitoring system. Such physical operational limits in-
clude the limit of the communication bandwidths used,
for example the satellite data link or, for acoustic and
sonar signals, the bandwidth limitations dictated by the
operating depth below the surface of the water as com-
munication signals pass through bands, or thermoclines,
of different temperature, the temperature change is
marked and can be significant at around depths between
100m and 200m, limiting communication while the vehi-
cle is at or around these depths.

[0038] Inadditionthe sensors 614a,614b, 614c,614d,
614e and 614f can be arranged to share information and
signals to build a model and picture of the monitored re-
gion for assessment and processing back at a command
or base station implemented using an Ethernet architec-
ture, whereby the supervised link or "command station"
becomes an extra node on a managed network (repre-
sented by the UUV and sensors) over which the acquired
data is shared. In so doing, the command station is able
to monitor/eavesdrop/gain access to data that is moving
around the network. The data may be logged additionally
at the UUV and, in addition, some or all of the data can
be transmitted to the command station so that the data
is in two places, substantially simultaneously. An opera-
tor then has the ability to influence an activity of the ve-
hicle 200, 300 by submitting an instructing signal down
the communications channel such as a satellite, or via a
data cable using standard Ethernet and transmission
control protocol (TCP) processes. Alternatively, data and
signals stored in a stand alone sensor and may be saved
and collected by a 'drive by’ vehicle (either manned or a
UUV) at a designated time or may be communicated to
the network or to a base station using a communication
channel at a predetermined time.

[0039] In use, the sensor 214, 314, 614 detects and
senses features in a local environment and with signals
from an operator or with a predetermined mission plan
received prior to launch of the vehicle communicates with
the processing device 520 and with the propulsion device
512. The buoyancy control means responds to a com-
mand to raise or lower the depth of the UUV by expanding
or compressing the cylinder 302 or flooding or emptying
the tank 204 as appropriate. In addition the propulsion
means 512 is activated to propel the UUV in a particular
direction as required. In this way the UUV is able to op-
erate such that sometimes it is mobile, moving by the
action of the propulsion means 512, and sometimes in a
stationary or static mode of operation.

[0040] The processing device is responsive to the sen-
sors 214, 314, 614 and is configured to activate the pro-
pulsion means and the buoyancy control means in re-
sponse to instructions received also from a controller or
commander controlled base station from which the vehi-
cle is launched. The operator may be a human operator
or may be a computer, depending on the type of analysis
and/or decision making involved. The UUV could also be
launched from any other type of vehicle.

[0041] The sensor system would complement the op-
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eration and mobility of the UUV with the buoyancy control
means.

[0042] In addition to the preferred embodiments de-
scribed above alternatives and modifications to the buoy-
ancy control means may be envisaged without departing
from the scope of the present invention. For example,
the cylinder creating a variable volume portion with con-
stant mass could comprise any form of hydraulics, pneu-
matics or piston, or could comprise a piston driven by
drive means or from a battery run from an energy extrac-
tion means such as from a trickle charge generated by
current flowing over the seabed. Operation by electric
motor may include gears and a drive train. Other ways
of controlling and expanding and compressing a cylinder
could be used, such as an expanding screw mechanism,
orwormdrive. The cylinder could comprise a pressurised
cylinder. It is envisaged that the vehicle with buoyancy
control means would enhance the function and move-
ment of a maritime vehicle operating in littoral waters and
also in open sea conditions.

Claims
1. An autonomous underwater vehicle comprising:

a body portion;

a processing device mounted within the body
portion;

a propulsion device mounted on or within the
body portion;

a sensor mounted on or within in the body por-
tion; and

buoyancy control means configured to enable
adjustment of the position of the vehicle during
operation.

2. Avehicle according to Claim 1, wherein the buoyan-
cy control means is configured to enable the vehicle
to move between a first and a second underwater
depth position in response to an input from the group
of; an external sensor, a sensor mounted on or within
the vehicle, a mission plan or plan parameter and
operator input.

3. A vehicle according to Claim 1 or Claim 2, wherein
the sensors comprise communication means for
transferring data to the processing device.

4. A vehicle according to Claim 3, wherein the commu-
nication means comprises one of the group of acous-
tic, radio frequency communications including satel-
lite communication, optical, electronic and optical fi-
bre communication means.

5. Avehicle according to any preceding claim, wherein
the propulsion means is configured to enable adjust-
ment of one of the group of translational, lateral, ver-
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tical and rotational, in one of the pitch plane and the
yaw plane, position of the vehicle.

A vehicle according to Claim 5, wherein the propul-
sion means is configured to enable adjustment of
position of the vehicle in response to an input from
the group of; an external sensor, a sensor mounted
on or within the vehicle, a mission plan or plan pa-
rameter and operator input.

A vehicle according to any preceding claim, wherein
the propulsion means is coupled to the buoyancy
control means.

A vehicle according to any preceding claim, wherein
the buoyancy control means is coupled to drive
means arranged to create vertical thrust.

A vehicle according to any preceding claim, wherein
the buoyancy control means is coupled to means for
reducing suction force between the vehicle and the
seabed.

A vehicle according to any preceding claim, wherein
the buoyancy control means comprises means for
altering the mass or volume of a part of the vehicle,
preferably .

A vehicle according to Claim 10, wherein the buoy-
ancy control means comprises a piston in commu-
nication with a hollow part of the vehicle.

A vehicle according to Claim 10 or Claim 11, wherein
the buoyancy control means comprises a vent ar-
ranged to operate an opening part of the vehicle to
take water into the vehicle in response to an input
from one of the group of an external sensor, a sensor
mounted on or within the vehicle and processing
means.

A vehicle according to any one of Claim 10, Claim
11 or Claim 12, further comprising a pump device to
pump and expel onboard water from a part of the
vehicle.

A vehicle according to any preceding claim wherein,
the processing device is configured to activate the
propulsion means and the buoyancy control means
in response to an instruction from a base station
and/or in response to a detected behaviour of the
vehicle.

A method of operating an unmanned underwater ve-
hicle (UUV) comprising the steps of:

determining a mode of operation of the vehicle,
dependent upon mission criteria;
supplying instructions to the vehicle;
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launching the vehicle;

collecting data from sensors located on board
the vehicle;

collecting data from external sensors; and
adjusting the position of the vehicle during op-
eration in response to an input from the sensors.

16. A method according to Claim 15, further comprising

the step of:

adjusting the buoyancy of the vehicle in re-
sponse to an input from the sensors.
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