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SUBSEA NAVIGATION SYSTEMS AND
METHODS

FIELD OF THE INVENTION

[0001] The present invention generally relates to subsea
navigation systems and methods.

BACKGROUND

[0002] This section is intended to introduce the reader to
various aspects of art that may be related to various aspects
of the present invention, which are described and/or claimed
below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better
understanding of the various aspects of the present inven-
tion. Accordingly, it should be understood that these state-
ments are to be read in this light, and not as admissions of
prior art.

[0003] Natural resources, such as oil and gas, are used as
fuel to power vehicles, heat homes, and generate electricity,
in addition to a myriad of other uses. Once a desired resource
is discovered below the surface of the earth, drilling and
production systems are often employed to access and extract
the resource. These systems may be located onshore or
offshore depending on the location of a desired resource.
[0004] Offshore drilling operations traditionally use a
combination of surface equipment (e.g., floating vessels or
platforms) and subsea equipment to access and extract the
resource from the subsea well. In some circumstances,
underwater vehicles may be used to inspect and/or to
monitor the subsea equipment or the well. Therefore, it
would be desirable to provide an efficient and reliable subsea
navigation system to facilitate control and/or movement of
underwater vehicles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Various features, aspects, and advantages of the
present invention will become better understood when the
following detailed description is read with reference to the
accompanying figures in which like characters represent like
parts throughout the figures, wherein:

[0006] FIG. 1 is a schematic view of an embodiment of a
subsea navigation system;

[0007] FIG. 2 is a schematic view of an embodiment of a
subsea navigation system and a subsea hydrocarbon extrac-
tion system; and

[0008] FIG. 3 is a flow diagram of an embodiment of a
method for controlling an underwater vehicle.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0009] One or more specific embodiments of the present
invention will be described below. These described embodi-
ments are only exemplary of the present invention. Addi-
tionally, in an effort to provide a concise description of these
exemplary embodiments, all features of an actual implemen-
tation may not be described in the specification. It should be
appreciated that in the development of any such actual
implementation, as in any engineering or design project,
numerous implementation-specific decisions must be made
to achieve the developers’ specific goals, such as compli-
ance with system-related and business-related constraints,
which may vary from one implementation to another. More-
over, it should be appreciated that such a development effort
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might be complex and time consuming, but would never-
theless be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of
this disclosure.

[0010] The disclosed embodiments generally relate to
subsea navigation systems and methods. The subsea navi-
gation systems and methods disclosed herein may facilitate
controlling and/or monitoring underwater vehicles (e.g.,
remotely operated vehicles (ROV) or autonomous underwa-
ter vehicles (AUV)). In certain embodiments, the subsea
navigation system disclosed herein includes multiple refer-
ence elements (e.g., reference transducers) configured to
emit a signal and couple to a skid (e.g., frame, support
structure, platform, or the like). In certain embodiments, the
underwater vehicle includes a communication element (e.g.,
transducer) configured to receive signals from the multiple
reference elements. Because the location of each of the
multiple reference elements on the skid is determined or
known prior to subsea deployment of the skid, signals
received at the communication element from the multiple
reference elements may enable a control system (e.g., elec-
tronic controller having a processor and a memory) to
determine a position (e.g., a relative position) of the under-
water vehicle relative to the skid.

[0011] The disclosed subsea navigation system may be
particularly useful in certain subsea hydrocarbon extraction
systems in which the skid supports various tools or other
components (e.g., pump, storage containers, casing, valves,
drills, or the like) that are accessible to the underwater
vehicle. For example, the subsea navigation system may be
used to monitor the relative position of the underwater
vehicle relative to a tool on the skid and/or to control the
underwater vehicle to access (e.g., approach or engage) the
tool. The subsea navigation system disclosed herein may
control and/or monitor the relative position of the underwa-
ter vehicle without determining an absolute position (e.g., on
a global coordinate system or fixed or absolute coordinate
system) of the reference elements, the skid, and/or the
underwater vehicle, thereby reducing time and/or costs
related to set up and operation of the navigation system. The
embodiments disclosed herein relate generally to underwa-
ter vehicles to facilitate discussion; however, it should be
understood that the disclosed systems may be adapted to
control and/or monitor a relative position of any of a variety
of movable subsea equipment, such as subsea implements
(e.g., tools).

[0012] With the foregoing in mind, FIG. 1 is a schematic
view of an embodiment of a subsea navigation system 10. As
shown, the subsea navigation system 10 includes multiple
reference elements 12 (e.g., transducers) that are configured
to emit a signal (e.g., acoustic signal). Although four refer-
ence elements 12 are shown, it should be understood that
any suitable number (e.g., 2, 3,4, 5, 6, 7, 8, 9, 10 or more)
of reference elements 12 may be provided. The multiple
reference elements 12 may be coupled (e.g., fastened or
mounted) to a skid 14 (e.g., frame, support structure, plat-
form, or the like) that is configured to be positioned at a sea
floor. In some embodiments, one or more of the multiple
reference elements 12 may be coupled to a component 16
(e.g., tools or other equipment, such as a pump, storage
containers, casing, valves, drills, or the like) that is mounted
on the skid 14. In certain embodiments, one or more of the
multiple reference elements 12 may be coupled to or posi-
tioned proximate to a connector (e.g., a connection point
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between the component 16 and an underwater vehicle). For
example, a reference element 12 may be centered on a
connector of the component 16 that is configured to receive
or to couple to the underwater vehicle. In certain embodi-
ments, one or more of the multiple reference elements 12
may be coupled to an actuator, valve actuator, electrical
connector, mechanical connector, fluid connector, or the
like. The multiple reference elements 12 may be positioned
in a single plane or in different planes separated vertically
relative to the skid 14 from one another.

[0013] As shown, the skid 14 includes an opening 15 that
enables the skid 14 to be positioned about (e.g., to surround)
a well at the sea floor. The position of each of the multiple
reference elements 12 relative to one another, relative to the
skid 14, and/or relative to the components 16 mounted on
the skid 14 may be measured and determined prior to
deploying the skid 14 to the sea floor. Data indicative of
these relative positions may be stored (e.g., in a memory
device). The skid 14 may include a rigid frame that enables
the multiple reference elements 12 to remain fixed at respec-
tive locations on the skid 14 as the skid 14 moves from the
sea surface to the sea floor.

[0014] The subsea navigation system 12 may also include
a communication element 18 (e.g., transducer or acoustic
detector) coupled to an underwater vehicle 20, such as an
ROV or an AUV. The communication element 18 is con-
figured to receive the signals from the multiple reference
elements 12. Such a configuration enables a controller, such
as a controller 22 (e.g., electronic controller having a pro-
cessor 23 and a memory 25) within the underwater vehicle
20, to calculate (e.g., via triangulation or spherical naviga-
tion) a position of the underwater vehicle 20 relative to the
multiple reference elements 12. Because the position of the
multiple reference elements 12 relative to the skid 14 and/or
the components 16 is known (e.g., predetermined, such as at
the sea surface prior to deployment of the skid 14), the
signals enable the controller 22 to determine the position of
the underwater vehicle 20 relative to the skid 14 and/or the
components 16. The controller 22 may be configured to
guide the underwater vehicle 20 (e.g., via control signals to
a drive system or a steering system) based on the determined
position of the underwater vehicle 20 relative to skid 14
and/or the components 16. Thus, the absolute location
and/or absolute orientation (e.g., on a global coordinate
system) of the reference elements 12, the underwater vehicle
20, and/or the skid 14 is not calculated and is not utilized to
guide the underwater vehicle 20.

[0015] As shown, the skid 14 includes a controller 26
(e.g., electronic controller). The controller 26 includes a
processor, such as the illustrated microprocessor 28, and a
memory 30. A power supply 32 may be configured to
provide power to the multiple reference elements 12. In
some embodiments, the reference elements 12 may be
communicatively coupled (e.g., via electrical wires, wet-
mate connectors, inductive couplers, or the like) to the
controller 26. As discussed in more detail below, such a
configuration may facilitate synchronization (e.g., clock
synchronization or calibration) of the multiple reference
elements 12, thereby enabling efficient and reliable naviga-
tion via one-way communication (e.g., emission of acoustic
signals from the reference elements 12 to the communica-
tion element 18). For example, in some embodiments, the
controller 26 may control the multiple reference elements 12
to emit respective signals simultaneously. The signals may
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be received at the communication element 18 of the under-
water vehicle 20, and the controller 22 may then process the
signals to determine the position of the underwater vehicle
20 relative to the skid 14 and/or the components 16 on the
skid 14.

[0016] It should be understood that the reference elements
12 and the communication element 18 may have any suit-
able form and/or may communicate in any of a variety of
manners to enable determination of the relative position of
the underwater vehicle 20, including two-way communica-
tion. For example, in certain embodiments, the communi-
cation element 18 includes a transducer that is configured to
emit an interrogation signal (e.g., acoustic wave), and the
multiple reference elements 12 include transponders that are
configured to emit a signal in response to receipt of the
interrogation signal from the communication element 18. In
such cases, the communication element 18 receives the
signals and determines the relative position of the underwa-
ter vehicle 20 based on the signals.

[0017] By way of another example, in some embodiments,
the communication element 18 of the underwater vehicle 20
may emit a signal (e.g., acoustic wave) that is detected by the
multiple reference elements 12. In some such cases, the
controller 26 of the skid 14 may be configured to determine
the relative position of the underwater vehicle 20 based on
the received signal. In some such cases, the controller 26
may initiate (e.g., via control signals) other actions based on
the relative position of the underwater vehicle 20. For
example, the controller 26 may be configured to open a
garage door or make certain tools available for access by the
underwater vehicle 20 as the underwater vehicle 20
approaches the skid 14 or a particular portion of the skid 14.
Furthermore, in certain embodiments, the reference ele-
ments 12 and the communication element 18 are configured
to send and/or receive optical signals, radiofrequency sig-
nals, or the like.

[0018] In some embodiments, the underwater vehicle 20
may be an ROV that is coupled to another vessel (e.g.,
surface vessel) via a tether 24 (e.g., control line). In such
cases, the signals may be provided via the tether 24 to a
controller at the vessel, which may then determine the
relative position of the underwater vehicle 20, provide
control signals to guide the underwater vehicle 20, and/or
enable an operator to provide inputs to guide the underwater
vehicle 20, for example.

[0019] In certain embodiments, the underwater vehicle 20
may be guided and/or tracked without determining an abso-
Iute position and/or an absolute orientation (e.g., global
coordinates) of the reference elements 12, the skid 14,
and/or the underwater vehicle 20. Such a configuration may
reduce the time and/or costs associated with set up and
operation as compared with traditional navigation systems
(e.g., long-baseline systems or ultra-short baseline systems),
while enabling reliable and efficient movement of the under-
water vehicle 20 about the skid 14.

[0020] In some embodiments, the underwater vehicle 20
may be guided from a sea surface toward the skid 14 via a
conventional long-baseline system and/or an ultra-short
baseline system until the underwater vehicle 20 is within a
threshold distance of the skid 14 (e.g., until communication
is established between the communication element 18 of the
underwater vehicle 20 and the reference elements 12 on the
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skid 14). Subsequently, the underwater vehicle 20 may be
guided and/or tracked based on its relative position as
disclosed herein.

[0021] FIG. 2 illustrates a schematic view of the subsea
navigation system 10 used with a seabed support system 38
that supports drilling operations, hydrocarbon production,
and/or well shutdown operations from a sea floor 40. In the
illustrated embodiment, the skid 14 is annular and extends
circumferentially about a well 42. The well 42 may be
drilled prior to placement of the skid 14 or after placement
of the skid 14 on the sea floor 40. In the illustrated embodi-
ment, the seabed support system 38 forms a kind of
unmanned subsea village configured to supporting drilling,
production, and/or shutdown operations associated with one
or more wells 42. As shown, the skid 14 may support or
include various components 16, such as a coiled tubing
spool 44, blowout preventers (BOP) 46, water treatment
systems 48, separation systems 50, garages 52, material
storage containers 54, pumps 56, pipelines 58 (e.g., to the
sea surface), or the like. These components 16 may each
include a separate support structure or frame that is sup-
ported on the skid 14 at a predefined or known relative
location and/or relative orientation (e.g., as measured or
determined at the sea surface prior to deployment of the skid
14 to the sea floor 40).

[0022] The underwater vehicle 20 may be configured to
manipulate various components 16. In certain embodiments,
the components 16 may be accessed, controlled, operated,
repaired, installed, retrieved, and/or exchanged by the
underwater vehicle 20. In some embodiments, when the
underwater vehicle 20 is not in use or is due for maintenance
(e.g., battery charging, refueling) the underwater vehicle 20
may be relocated to the garage 52 that is configured to
recharge batteries (e.g., via a power supply, such as the
power supply 32), download data (e.g., to the controller 36),
upload instructions (e.g., from the controller 36), synchro-
nize clocks of the communication element 18 and the
reference elements 12, or the like. The disclosed navigation
system 10 may facilitate accurately and efficiently guiding
the underwater vehicle 20 to a particular component 16 to
enable the above-described actions.

[0023] As shown, the skid 14 includes the controller 26
and the power supply 32. In some embodiments, a control
line 60 extends between a surface vessel 62 and the skid 14
and may be configured to exchange data with the controller
26 and/or provide power to the power supply 32. As shown,
the reference elements 12 are communicatively coupled
(e.g., via electrical wires, wet-mate connectors, inductive
couplers, or the like) to the controller 26 and the power
supply 32. Such a configuration may facilitate synchroniza-
tion (e.g., clock synchronization or calibration) of the mul-
tiple reference elements 12. Other components 16 may also
be coupled to the controller 26 and/or the power supply 32.
For example, vehicle connectors within the garage 52 may
be coupled to the controller 26 and/or the power supply 32
to enable recharging the underwater vehicle 20, synchroniz-
ing the communication element 18 with the multiple refer-
ence elements 12, and/or exchanging data or instructions, for
example.

[0024] The components 16 illustrated in FIG. 2 are merely
exemplary and it should be understood that the navigation
system 10 may be used with various hydrocarbon extraction
systems 38 having any of a variety of components 16.
Additionally, it should be understood that the skid 14 may
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have any number of geometries suitable for drilling opera-
tions and that accommodate the sea floor terrain. Moreover,
the skid 14 may support and/or surround multiple wells 42.
[0025] FIG. 3 is a flow chart illustrating an embodiment of
a method 100 (e.g., computer-implemented method) for
monitoring and controlling the underwater vehicle 20. The
method 100 includes various steps represented by blocks. It
should be noted that the method 100 may be performed as
an automated procedure by a system, such as the subsea
navigation system 10. Although the flow chart illustrates the
steps in a certain sequence, it should be understood that the
steps may be performed in any suitable order and certain
steps may be carried out simultaneously, where appropriate.
Further, certain steps or portions of the method 100 may be
omitted and other steps may be added. The steps or portions
of the method 100 may be performed by one device or
separate devices. For example, a first portion of the method
100 may be performed by the controller 22 of the underwater
vehicle 20, while a second portion of the method 100 may
be performed by the controller 26 of the skid 14.

[0026] In step 102, data indicative of the position of each
of the reference elements 12 relative to one another, the skid
14, and/or the components 16 on the skid 14 may be
determined. As discussed above, the data may be generated
at the sea surface (e.g., via measurements and calculations,
such as by an electronic controller having a processor and a
memory) prior to deployment of the skid 14 to the sea floor

0.

[0027] In step 104, a controller, such as the controller 26,
causes the reference elements 12 to emit signals (e.g.,
acoustic waves). As discussed above, the controller 26 may
be configured to drive the reference elements 12 to emit
respective signals simultaneously. In step 106, the respective
signals are received at the communication element 18 of the
underwater vehicle 20. In step 108, a controller, such as the
controller 22, may determine the relative position of the
underwater vehicle 20 relative to the skid 14 and/or the
components 16 on the skid 14 based on the data generated
in step 102 and the respective signals received at step 106.
In step 110, a controller, such as the controller 22, may
provide a control signal to drive the underwater vehicle 20
based on the determined relative position. For example, the
control signal may cause the underwater vehicle 20 to move
toward a particular component 16 to enable the underwater
vehicle 20 to access, control, operate, repair, replace, and/or
remove the component 16, for example.

[0028] As discussed above, the underwater vehicle 20 may
be guided and/or tracked without determining an absolute
position and/or an absolute orientation (e.g., global coordi-
nates) of the reference elements 12, the skid 14, and/or the
underwater vehicle 20. Such a configuration may reduce the
time and/or costs associated with set up and operation as
compared with traditional navigation systems, while
enabling reliable and efficient movement of the underwater
vehicle 20 about the skid 14.

[0029] While the invention may be susceptible to various
modifications and alternative forms, specific embodiments
have been shown by way of example in the drawings and
have been described in detail herein. However, it should be
understood that the invention is not intended to be limited to
the particular forms disclosed. Rather, the invention is to
cover all modifications, equivalents, and alternatives falling
within the spirit and scope of the invention as defined by the
following appended claims.
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We claim:

1. A navigation system, comprising:

a support structure configured to be positioned at a sea
floor;

a plurality of transducers coupled to the support structure
at fixed locations, wherein the plurality of transducers
is configured to emit a plurality of reference signals;

a transducer coupled to a movable subsea vessel, wherein
the transducer is configured to receive the plurality of
reference signals; and

a controller comprising a processor and a memory,
wherein the processor is configured to determine a
position of the movable subsea vessel relative to the
support structure based on the plurality of reference
signals.

2. The system of claim 1, wherein the plurality of trans-
ducers are configured to provide the plurality of reference
signals in response to an interrogation signal received from
the transducer coupled to the movable subsea vessel.

3. The system of claim 1, wherein the multiple reference
signals comprise acoustic waves.

4. The system of claim 1, wherein the support structure
comprises an annular shape configured to be positioned
circumferentially about a well formed in the sea floor.

5. The system of claim 1, wherein the movable subsea
vessel comprises a remotely operated vehicle or an autono-
mous underwater vehicle.

6. The system of claim 1, wherein the controller is
positioned at a surface vessel coupled to the movable subsea
vessel via a control line.

7. The system of claim 1, comprising the movable subsea
vessel, wherein the controller is positioned within the mov-
able subsea vessel.

8. The system of claim 1, wherein the controller is
configured to output a control signal to drive the movable
subsea vessel based on the position of the movable subsea
vessel relative to the support structure.

9. The system of claim 1, comprising a power source
supported by the support structure and configured to power
the plurality of transducers.

10. The system of claim 1, comprising a transducer
controller supported by the support structure and configured
to synchronize emission of the plurality of reference signals
by the plurality of transducers.

11. A system, comprising:

a controller comprising a processor and a memory,

wherein the processor is configured to:

access stored data indicative of respective fixed posi-
tions of a plurality of transducers on a support
structure;
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receive a plurality of signals indicative of respective
distances between a movable subsea vessel and the
plurality of transducers; and

determine a position of the movable subsea vessel
relative to the support structure based on the stored
data and the plurality of reference signals.

12. The system of claim 11, wherein the processor is
configured to output a control signal to drive the movable
subsea vessel based on the position of the movable subsea
vessel relative to the support structure.

13. The system of claim 12, wherein the processor is
configured to output the control signal to drive the movable
subsea vessel without calculating an absolute location of the
movable subsea vessel on a global coordinate system.

14. The system of claim 11, wherein the system comprises
the support structure, the plurality of transducers, and the
movable subsea vessel.

15. A method, comprising:

accessing, using a processor, stored data indicative of

respective fixed positions of a plurality of transducers
on a support structure;
receiving, at the processor, a plurality of signals indicative
of respective distances between a movable subsea
vessel and the plurality of transducers; and

determining, using the processor, a position of the mov-
able subsea vessel relative to the support structure
based on the stored data and the plurality of reference
signals.

16. The method of claim 15, comprising, using the
processor, outputting a control signal to drive the movable
subsea vessel based on the position of the movable subsea
vessel relative to the support structure.

17. The method of claim 16, comprising, using the
processor, outputting the control signal to drive the movable
subsea vessel without calculating an absolute location of the
movable subsea vessel on a global coordinate system.

18. The method of claim 15, comprising, using a trans-
ducer coupled to the movable subsea vessel, emitting an
interrogation signal from the transducer, and providing,
using the plurality of transducers, the plurality of signals in
response to the interrogation signal.

19. The system of claim 15, comprising generating the
stored data prior to deployment of the support structure and
the plurality of transducers to a sea floor.

20. The method of claim 15, comprising synchronizing
emission of the plurality of signals by the plurality of
transducers using a controller supported by the support
structure and coupled to the plurality of transducers.
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