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Underwater vehicle for inspection of a subsea structure in a body of water and 

related method

The présent invention concerns an underwater vehicle for inspection of a subsea 

structure, comprising:
- a support body, able to move along the subsea structure in a body of water ;
- a lower proximity sensor, déployable from the support body towards the subsea 

structure, the lower proximity sensor comprising a lower cathodic protection probe, the 
lower proximity sensor being déployable between a retracted position and a deployed 

position ;
- an upper remote sensor déployable from the support body, comprising an upper 

cathodic protection probe.
Such a vehicle is designed in particular for inspecting rigid pipes transporting 

hydrocarbons. The pipes are usually located atthe seabed. The aim ofthe inspection is to 

detect potential defects resulting from corrosion of the pipes.
Traditionally, pipeline corrosion inspection is carried out with a diver and/or with a 

remotely operated vehicle (or “ROV”). It is therefore necessary to provide a surface facility 

above the pipes to be inspected. In the case of a diver, limitations exist regarding the 
depth at which the intervention can be done. ROV can operate at deeper depths. 
However, the surface installation is still needed. A link between the ROV and the surface 

assembly must be deployed to power the ROV. The link is for example an umbilical.

In a known measurement method, the ROV is. controlled from the surface to follow 
the subsea structure. A déployable articulated arm extends from a side of the ROV to 

place a first proximity cathodic protection probe very close to the pipe to be sensed.
A second remote cathodic protection probe is immersed into the body of water from 

the surface facility, at a distance from the surface facility to obtain a reference 
measurement outside the electrical field.

A voltage différence between the proximity probe and the remote probe is measured 
along the pipe. From time to time, the ROV is touching directly the pipe (at an anode 

connection for instance), in order to calibrate the voltage différence between the electrode 
close to the pipe and the one in shallow water.

The method allows a précisé corrosion measurement of the surface of the pipe. 
Nevertheless, the method is time consuming, expensive and requires complex equipment 
such as a ROV and an associated surface assembly connected to the ROV.

To partially alleviate this problem, US 2014/0230713 discloses an underwater mobile 

inspection apparatus which is able to cruise autonomously above a pipeline. The
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apparatus comprises an articulated arm equipped with a proximity cathodic protection

probe. The articulated arm is attached to a side of the vehicle.
Such a device is not entirely satisfactory. Indeed, the proximity cathodic protection 

probe is carried on a cart which rolls on the pipeline. The cart is deployed from the 
articulated arm, creating a strong drag when cruising the inspection apparatus above the 

pipe and generates high friction on the pipeline.
As a conséquence, the inspection apparatus can only be operated at very slow 

speeds, with a substantial risk of damaging the surface of the pipeline.
One aim of the invention is to obtain an underwater vehicle suitabie for corrosion 

inspection of a subsea structure, the vehicle being able to be operated at a high speed 

above the subsea structure.
To this aim, the subject-matter of the invention is an underwater vehicle as defined 

above, characterized in that the lower proximity sensor is located below the support body 

in the retracted position and in the deployed position..
The underwater vehicle according to the invention may comprise one or more of the 

following features, taken solely or according to any possible technical combination:
- the support body defines a longitudinal moving axis, the lower proximity sensor 

extending below the support body along the longitudinal moving axis in the retracted 

position.
- the lower proximity sensor comprises a lower arm pivotable with regard to the 

support body around an horizontal axis.

- the lower arm is a rigid rod.

- the lower arm has a profiled shape.
- the lower arm has a length comprised between 1 m and 2.5 m, preferably between 

1.5 m and 2 m.
- the underwater vehicle comprises a control unit able to control the movement of the 

lower arm between the retracted position and the deployed position to maintain the lower 

cathodic protection probe at a fixed altitude above the subsea structure.
- the upper remote sensor comprises a fish carrying the upper cathodic protection 

probe, a flexible line connecting the fish to the support body and a winch, attached to the 

support body to wind up/unwind the flexible line.
- the upper remote sensor comprises a release/capture mechanism of the fish.
- the length of the flexible line is greater than 1 m and is advantageously comprised 

between 3 m and 10 m.
- the underwater vehicle comprises a position probe for measuring the position of the 

upper cathodic protection probe relative to the support body.
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- the position probe comprises a sensor for measuring the inclination of the flexible 
line, and a sensor for measuring the length of flexible line deployed from the support body.

- the position probe comprises a pressure sensor.
- the support body is able to autonomously cruise along the subsea structure, 

without contact with the subsea structure, the vehicle being an autonomous underwater 

vehicle.
The invention also relates to a method for inspecting a subsea structure, comprising 

the following steps:
- moving an underwater vehicle as described above, immersed in a body of water 

above the subsea structure;
- deploying the lower proximity sensor below the support body towards the subsea 

structure;
- measuring a potential différence between the upper cathodic protection probe and 

the lower cathodic protection probe while cruising along the subsea structure.
The method according to the invention may comprise one or more of the following 

features, taken solely or according to any possible technical combination:

- the cruising speed of the support body is greater than 0.9 km/h.
- the vehicle is an autonomous underwater vehicle, the moving step comprising 

autonomously cruising the support body above the subsea structure without contacting 

the subsea structure...
The invention will be better understood, based on the following description, given 

purely as an example, made in reference to the appended drawings, in which:
- figure 1 is a schematic view of a hydrocarbon production installation in which an 

autonomous underwater vehicle according to the invention opérâtes;
- figure 2 is an enlarged view of the autonomous underwater vehicle according to the 

invention;
- figure 3 is a partial sectional view of figure 2, illustrating a profiled lower proximity 

sensor of the vehicle in a retracted position against a support body;
- figure 4 is a perspective view of a fish of an upper remote sensor of the vehicle;

- figure 5 is a front view of the fish, and of a part of the connection line to the support 

body;
- figure 6 is a front view of a variation of a fish, taken in a deployed position;
- figure 7 is a view similar to figure 6 of the fish, in a retracted position on the support 

body;
- figure 8 is a view similar to figure 2 of a second autonomous underwater vehicle 

according to the invention.
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A first underwater vehicle 10 according to the invention is shown schematically in 

figures 1 and 2.
In this example, the vehicle 10 is an autonomous underwater vehicle able to 

autonomously cruise in a body of water 16.
The autonomous underwater vehicle 10 is for inspecting a subsea structure 12 in an 

installation 14 of production of hydrocarbons through a body of water 16.
The subsea structure 12 comprises for example at least a production well 18 bored 

in the seabed 20 of the body of water 16, and at least a rigid metallic pipe 22 connecting 
the well 18 to a storage and/or transportation assembly comprising at least a riser and:or 
a subsea to shore pipeline (not shown). The subsea structure 12 can also be any subsea 
structure protected against corrosion by galvanic anode or impressed current cathodic 
protection. Example of such structures may be risers, rigid or flexible pipelines, buoyancy 
tanks, mooring lines, etc.

The installation 14 preferably also comprises a surface assembly 24 floating or fixed 

at the surface of the body of water 16.
The body of water 16 is for example a sea, an océan, a lake and/or a river. The 

depth of the body of water 16, taken in the vicinity of the inspected subsea structure 12 is 

for example comprised between 10 m and 5000 m.
The transportation pipe 22 of the subsea structure is a metallic pipe covered partially 

or entirely with a protective coating.
The pipe 22 is preferably provided with an anodic protection comprising sacrificial 

anodes 26 distributed along the pipe 22. The sacrificial anodes 26 are able to corrode to 
compensate for the corrosion of potential defects 28 located at the coating of the pipe 22. 
A current flow 29 (see figure 2) locally establishes at the surface of the pipe 22 between 

the sacrificial anodes 26 and the defects 28.

The application of the current flow 29 produces a decrease in the electrochemical 
potential of the subsea structure 12 and by a local electric field in the water around the 
subsea structure 12.

The local electric field is generally distributed between the anode 26 and the bare 
métal at the location of the defect 28.

The efficiency of the protection is a function of the density of cathodic current and 

hence of the electrode potential obtained. The electrode potential can therefore be 
measured to assess the efficiency of the protection.

The autonomous underwater vehicle 10 comprises a support body 30, a lower 

proximity sensor 32, déployable downwardly from the support body 30 to measure a first 
reference potential in the vicinity of the subsea structure 12, in the cathodic protection
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zone and an upper remote sensor 34, déployable upwardly from the support body 30 to 
measure a second reference potential away from the subsea structure 12 and from the 

cathodic protection zone.
The autonomous underwater vehicle 10 is confîgured to cruise autonomously in the 

body of water 16, without physical link to a surface installation above the subsea structure 
12. The risk of damaging the subsea structure 12 or the vehicle 10 is thus minimized.

It is able to move along the subsea structure 12 according to a predefined path 
defined in a control unit of the vehicle 10, or according to a path controlled from the 

surface through a wireless communication connection.
The support body 30 comprises a profiled hull 36, carrying the lower proximity 

sensor 32 and the upper remote sensor 34, a propeller 38, and a power source 40 

connected to the propeller 38.
The support body 30 further comprises at least a mobile control surface 42 and a 

control unit 44, able to control the power source 40 to control the propeller 38 and the 

mobile control surface(s) 42 to drive the vehicle 30 along the predefined path.
Advantageously, the support body 30 comprises at least a position probe 46 able to 

sense the depth and/or horizontal location ofthe autonomous underwater vehicle 10.
It further comprises a voltmeter (not shown), able to measure a différence of 

potential between the first reference potential and the second reference potential and a 
data storage unit 48 able to store data arising from the position probe 46, from the lower 

proximity sensor 32, from the upper remote sensor 34 and from the voltmeter.
The support body 30 may comprise a wireless communication unit 50 able to 

communicate with the surface installation 24 to receive instructions from the surface 
installation 24 and/or to transmit data stored in the data storage unit 48 to the surface 

installation 24.
The hull 36 has for example a torpédo shape, with a tapering nose 52 and an 

enlarged tail 54. The propeller 38 is for example located at the tail 54.
When the propeller 38 is active, the support body 30 is able to cruise along the 

subsea structure 12 with a speed which can be more than 0.5 knots (i.e., 0.9 km/h), and 
which can be comprised between 0.5 knots and 2.5 knots (between 0.9 km/h and 4.6 

km/h).
The length of the hull 36, taken along a longitudinal axis A-A’ of the support body 30 

is for example greater than 4 m and comprised between 4 m and 10 m.
The maximum transverse dimension of the hull 36, taken perpendicularly to the 

longitudinal axis A-A’ is for example higher than 0.3 m and comprised between 0.3 m and 

2 m.
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The lower proximity sensor 32 comprises a lower cathodic protection probe 60 and a 

déployable arm 62 carrying the lower cathodic protection probe 60.
The lower proximity sensor 32 further comprises a lowering mechanism 64 able to 

move the déployable arm 62 between an upper retracted position along the support body 
30 and a lower deployed position, protruding from the support body 30 towards the 

subsea structure 12.
The lower proximity sensor 32 advantageously comprises an inclination probe 66, 

able to détermine the angular inclination of the arm 32, with regard to the support body 30.
The lower cathodic protection probe 60 comprises a first measurement electrode. 

The electrode generally comprises a métal wire immersed in a spécifie electrolytic 
solution. The electrolytic solution is placed into contact with the water through an orifice.

The first measurement electrode is for example an Ag/AgCI or a Zinc reference 

electrode.
The cathodic protection probe 60 has for example a weight comprised between 1 kg 

and 2 kg in air, a diameter comprised between 20 mm and 100 mm, and a length 

comprised between 300 mm and 600 mm.
The déployable arm 62 is here made of a rigid rod 68 extending between a front end 

mounted on the support body 30, and a back end, able to freely deploy in the body of 

water 16 towards the subsea structure 12.
In this example, the arm 62 is pivotably mounted on the support body 30 around a 

transverse horizontal axis B-B’. The déployable arm 62 is able to pivot from the retracted 
position to the deployed position, the free end of the rod 68 moving away from the hull 36, 

while the front end ofthe rod 68 remains in a globally invariant position.
The lower cathodic protection probe 60 is fixed on the déployable arm 62, preferably 

at the free end or in the vicinity of the free end.
The lowering mechanism 64 is able to move the déployable arm 62 between the 

retracted position and the deployed position. It comprises for example a spring-loaded 
member, able to generate a permanent spring force on the déployable arm 62 to return it 
in the retracted position. The lowering mechanism 64 also comprises an actuating 
member, able to overcome the spring force of the spring-loaded member to move the arm 
62 towards the deployed position. The actuating member is also able to maintain the arm 

62 in any angular position between the retracted position and the deployed position as 

shown in figure 2.
According to the invention, the lower proximity sensor 30 is located below the 

support body 30 in the retracted position and also in the deployed position, as well as in 

any position between the retracted position and the deployed position.
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In the example shown on figure 2, in the retracted position, the déployable arm 62 
extends longitudinally against the lower surface of the hull 36 or in a housing provided in 

the hull 36. The drag of the déployable arm 62 is minimal.
In the deployed position, the arm 68 extends for example perpendicularly to the 

longitudinal axis A-A’.
To ensure a minimal disturbance of the hydrodynamics of the hull 36 when the arm 

62 is deployed, the arm 62 is preferably profiled. For example, as shown in figure 3, it 
comprises a tapered form, having a tapered longitudinal front edge 70 and latéral 

extensions 72, defining concave longitudinal surfaces.
In order to further reduce the drag of the arm 62 in the retracted position, internai 

water circulation passages 74 are advantageously provided longitudinally along the arm 
62. The passages 74 open at the front end and at the back end of the arm 62 to allow 
longitudinal circulation of water through the arm 62. In the example of figure 3, the arm 62 

has a fin shape.
In a variant, not shown, the latéral extensions 72 are rétractable around an axis 

defined for example by the edge 70, to further reduce the drag when the arm 62 is 

deployed.
In other variants, the arm 62 is not made of a single piece. It is made for example of 

a telescoping rod comprising a plurality of telescoping parts with a cable carrier able to 

control the length of the arm 62.
The inclination probe 66 is connected to the control unit 44. The control unit 44 is 

then able to control the lowering mechanism 64 to maintain a predetermined altitude of 
the free end of the arm 62 with regard to the subsea structure 12, based on the inclination 

data received from the inclination probe 66 and the AUV altitude obtained from probe 46.
The length of the arm 62 is preferably between 1 m to 2.5 m, and preferably 

between 1.5 to 2 m, to be able to extend sufficiently from the profiled hull 36 towards the 

subsea structure 12 while maintaining the support body 30 at a sufficient distance of the 

subsea structure 12.
The upper remote sensor 34 comprises an upper cathodic protection probe 80, a 

déployable fish 82 carrying the upper cathodic protection probe 80, and an upper 
deployment mechanism 84 for deploying the déployable fish 82 away from the support 

body 30.
Advantageously, the upper remote sensor 34 further comprises a position probe 86 

for determining the relative position of the déployable fish 82 with regard to the support 
body. The position probe 86 is connected to the control unit 44 for controlling the
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deployment of the déployable fish 82 as a function of the data received from the position

probe 86.
The déployable fish 82 has a profiled shape. As shown in figure 4, it comprises a 

lower longitudinal fin 90, and two latéral wings 92A, 92B protruding laterally from the top 

of the lower fin 90.
In the example shown in figures 4 and 5, the width W1 of the déployable fish 82 in 

the région of the latéral wings 92A, 92B, taken in projection in a plane perpendicular to a 

longitudinal axis C-C’ of the fish is greater than the width W2 of the déployable fish 82 
taken in the région of the lower fin 90. The lower fin 90 and the wings 92A, 92B delimit two 
latéral longitudinal concave lifting surfaces 94, located below the wings 92A, 92B, able to 

lift the fish 82 when the fish 82 moves longitudinally in the body of water.
The wings 92A, 92B also delimit an upper concave surface 95, located above the 

wings 92A, 92B, able to stabilize the fish 82 when moving longitudinally along axis C-C’.
In the example of figure 5, the wings 92A, 92B are permanently deployed away from 

the central part 90.
In the embodiment of figure 6 and figure 7, the wings 92A, 92B are rétractable by 

rotation along the longitudinal axis C-C’ to reduce the size of the fish 82 when it is 

introduced inside the release/capture mechanism 100.
The upper deployment mechanism 84 comprises at least a line 96 mechanically and 

electrically connecting the fish 82 to the support body 30, a winch 98 able to unwind/wind 
up the line 96 to let the fish 82 move between an expanded position shown in figure 2 and 
a retracted position against the support body 30. The upper deployment mechanism 
advantageously comprises a release/capture mechanism 100 of the fish 82 to selectively 

maintain it against the support body 30 or release it.
The release/capture mechanism 100 comprises at least a funnel 102, able to guide 

the fish 82 towards its retracted position.
The upper cathodic protection probe 80 has also a reference electrode as described 

above, e.g. a zinc or Ag/AgCI reference electrode. It has a diameter comprised between 
20 mm and 60 mm, and a length comprised between 100 mm and 200 mm. Its weight is 

comprised between 0,1 kg and 5 kg.
The line 96 is made of a tether comprising an insulation sheath, and an inner 

conductive core able to carry data collected by the upper cathodic protection reference 

electrode and/or by the position probe 86. The tether is flexible and can be wound up in a 
electrical powered drum of diameter comprised between 1 cm and 30 cm. The conductive 
core is for example made of copper, steel rubber, aluminum, carbon fibers etc. The 

insulation sheath can be made of polyuréthane or neoprene.
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The length of the line 96 in the deployed position is for example greater than 1 m, in 
particular greater than 3 m, and for example comprised between 3 m and 10 m. Thus, the 
fish 82 can extend upwardly above the support body 30 at a vertical distance higher than 

3 m than above the support body 30.
The winch 98 is preferably lodged in the release/capture mechanism 100. It is 

powered electrically or spring loaded for deployment and/or rétraction of the déployable 

fish 82 and ofthe line 96.
In the case of a spring loaded winch, the load is configured to maintain the fish 82 

and the line 96 against the hydrodynamic lift and/or the buoyancy of the fish 82.
The control unit 44 is able to control the length of deployed line 96 as a function of 

the position of the déployable fish 82 with regard to the support body 30.
The release/capture mechanism 100 is able to allow the release of the fish 82 at a 

first predetermined longitudinal speed of the support body 30 and its capture below this 

predetermined speed.
The release/capture mechanism 100 is mounted on an upper surface of the hull 34 

or lodged within a housing made in the hull to limit hydrodynamic disturbances. It extends 

longitudinally along the hull 34.
The position probe 86 comprise at least an angle position sensor 110, able to 

détermine the angle of the line 96 with regard to the support body 30 in particular with 

regard to the longitudinal axis A-A’ of the support body 30.
It also comprises at least a sensor 112 able to measure data relative to the length of 

line 96 deployed from the support body 30.
In an advantageous embodiment, the position probe 86 comprises at least one 

position sensor 114 located in the fish 82. The position sensor 114 is for example a 
pressure sensor able to détermine the relative altitude of the fish 82 with regard to the 

support body 30. In this embodiment, the line 96 bears a plurality of conductors.
The sensors 110, 112, 114 are connected to the control unit 44 to allow the control 

unit 44 to détermine the exact position of the fish 82, in particular its altitude, and to 

control the winch 98 to adapt the altitude of the fish 82.
In particular, the control unit 44 is able to use the positioning data obtained from the 

probes 110, 112, 114 to maintain the fish 82 at an altitude of at least 3 m, preferably of at 
least 5 m above the support body 30 when the support body 30 moves longitudinally in 

the body of water 16.
The operation of the autonomous underwater vehicle 10 according to the invention 

will be now described.
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Initially, the control unit 44 of the vehicle 10 is set to follow a predefined path of 
inspection of a subsea structure 12. The control unit 44 receives data concerning the 
geographical position of each point of the predefined path, which follows approximately 
the path of the subsea structure 12, in particular when the subsea structure 12 comprises 
a pipe 22. It receives the altitude of the support body 30 relative to the subsea structure 

12 at each geographical position.
Then, the autonomous underwater vehicle 10 is immersed and activated. The 

control unit 44 Controls the power source 40 and the mobile control surface(s) 42 to 
autonomously drive the support body 30 along the predefined path, without intervention 
from the surface. The support body 30 then follows the predefined path at a speed 

ranging from 0.9 km/h to 4.6 km/h.
Initially, the lower proximity sensor 32 and the upper remote sensor 34 are placed in 

their retracted positions. The déployable arm 62 is applied against the lower surface of the 
profiled hull 36 to minimize the hydrodynamic disturbances. Similarly, the line 96 is wound 
up on the winch 80, the release/capture mechanism 100 is activated to maintain the fish 

82 applied against an upper surface of the hull 36 in the funnel 102.
When a cathodic protection measurement has to be carried out in the course of the 

path, the control unit 44 activâtes the lowering mechanism 64 to lower the déployable arm 

62 from the retracted position to a deployed position.
The control unit 44 advantageously Controls the angle of inclination of the déployable 

arm 62 with regard to the support body 30 to place the lower cathodic protection probe 60 
in the vicinity of the subsea structure 12, in particular, in the vicinity of the outer surface of 

the pipe 22, without contact with the pipe 22.
The control unit 44 also activâtes the release/capture mechanism 100 to release the 

fish 82. Under the effect of the hydrodynamic force applying on the upper concave surface 

94 of the wings 92A, 92B, a lift force is applied on the fish 82. The fish 82 raises above the 
support body 30 while the line 96 is unwound. The fish 82 is dragged by the support body 

30 to move longitudinally along the predefined path.
The control unit 44 Controls the length of deployed line 96 to maintain the fish 82 at 

an altitude of at least 3 m above the cruising fish 30, in a reference electrolytic zone 120, 
in which the measurement of the upper cathodic probe 80 is not significantly affected by 

electric currents 29 circulating along the subsea structure 12.
Then, at each measurement point along the path, the unit 44 retrieves the data 

received from the lower cathodic protection probe 60 and from the upper cathodic 

protection probe 80 and the voltmeter détermines the différence of potential between 

these probes 60, 80. The collected data is stored in the data storage unit 48.



19636

5

10

15

20

25

30

35

11

A complété measurement of the cathodic protection data of the subsea unit 12 along 
a predetermined path is therefore carried out, without intervention at the surface, and at a 

very significant speed as compared to known methods.
The use of a lower proximity sensor 32 déployable under the support body 30 

significantly simplifies the measurement and avoids producing a significant drag, which 
allows the measurement to be performed at very high speeds. The use of an expandable 
upper remote sensor 34 comprising a fish 82 allows for a reference measurement in a 
reference zone 120, directly above the autonomous underwater vehicle 10, which 

significantly simplifies the operation.
The data collection can be carried out totally autonomously, which lowers the costs 

and simplifies the operation.
During the data collection, and/or when the data collection is done, the control unit 

44 transmits the data collected and stored in the data storage unit 48 to the surface, using 

the communication unit 50.
In a variation, the lower proximity sensor 32 and/or the upper proximity sensor 34 

are equipped with a safety release mechanism. For example, in case of blocking or 
damage on the déployable arm 62, the lowering mechanism 64 is configured to 

automatically disconnect the arm 62 from the support body 30 to avoid any damage to the 
support body 30. Similarly, the upper deployment mechanism 84 is configured to release 

the déployable fish 82 and the line 96 to avoid line entanglement, in particular with the 

propeller 38.
In a variation shown schematically in figure 8, the upper remote sensor 34 also 

comprises an upper arm 122 pivotably mounted on the upper surface of the support body 
30 through the upper deployment mechanism 84. In this case, the upper arm 122 is 
preferentially equipped with a winch 98 at its free end, the line 96 and the déployable fish 

82 being connected to the winch 98.
In another embodiment (not shown), the vehicle 10 can bear a plurality of lower 

proximity sensors 32. These sensors may be placed in a plane perpendicular to the axis 

A-A’ in order to span above the pipe 22. In this configuration, one makes sure there is one 
of the lower sensors 32 close to the subsea structure 12 despite a possible lack of 
accuracy on positioning the vehicle 10 above the pipe, thus increasing defect detectability.

In another variant (not shown), the vehicle 10 is a remotely operated vehicle 

connected to the surface with a connection link such as an umbilical. The lower proximity 
sensor 32 is located below the support body 30 in the retracted position and in the 

deployed position.
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CLAIMS

1,- Underwater vehicle (10) for inspection of a subsea structure (12), comprising:
- a support body (30), able to move along the subsea structure (12) in a body of 

water (16) ;
- a lower proximity sensor (32), déployable from the support body (30) towards the 

subsea structure (12), the lower proximity sensor (32) comprising a lower cathodic 
protection probe (60), the lower proximity sensor (32) being déployable between a 

retracted position and a deployed position ;
- an upper remote sensor (34) déployable from the support body (30), comprising an 

upper cathodic protection probe (80);
characterized in that the lower proximity sensor (32) is located below the support 

body (30) in the retracted position and in the deployed position.

2.- Vehicle (10) according to claim 1, wherein the support body (30) defînes a 

longitudinal moving axis (A-A’), the lower proximity sensor (32) extending below the 
support body (30) along the longitudinal moving axis (A-A’) in the retracted position.

3,- Vehicle (10) according to any one of claims 1 or 2, characterized in that the lower 

proximity sensor (32) comprises a lower arm (62) pivotable with regard to the support 

body (30) around an horizontal axis.

4.- Vehicle (10) according to claim 3, wherein the lower arm (62) is a rigid rod.

5,- Vehicle (10) according to any one of claims 3 or 4, wherein the lower arm (62) 

has a profiled shape.

6,- Vehicle (10) according to any one ofthe claims 3 to 5, wherein the lower arm (62) 
has a length comprised between 1 m and 2.5 m, preferably between 1.5 m and 2 m.

7,- Vehicle (10) according to any one of claims 3 to 6, comprising a control unit (44) 

able to control the movement of the lower arm (62) between the retracted position and the 
deployed position to maintain the lower cathodic protection probe (60) at a fixed altitude 

above the subsea structure (12).
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8,- Vehicle (10) according to any one of the preceding daims, wherein the upper 
remote sensor (34) comprises a fish (82) carrying the upper cathodic protection probe 

(80), a flexible line (96) connecting the fish (82) to the support body (30) and a winch, 
attached to the support body (30) to wind up/unwind the flexible line (96).

9,- Vehicle (10) according to claim 8, wherein the upper remote sensor (34) 
comprises a release/capture mechanism (100) ofthe fish (82).

10,- Vehicle (10) according to any one of daims 8 or 9, wherein the length of the 
flexible line (96) is greater than 1 m and is advantageously comprised between 3 m and 

10 m.

11,- Vehicle (10) according to any one of daims 8 to 10, comprising a position probe 
(86) for measuring the position of the upper cathodic protection probe (80) relative to the 

support body (30).

12,- Vehicle (10) according to claim 11, wherein the position probe (86) comprises a 
sensor (110) for measuring the inclination of the flexible line (96), and a sensor (112) for 
measuring the length of flexible line (96) deployed from the support body (30).

13 .-Vehicle (10) according to any one of daims 11 or 12, wherein the position probe 

(86) comprises a pressure sensor (114).

14 .- Vehicle according to any one of the preceding daims, wherein the support body 

(30) is able to autonomously cruise along the subsea structure (12), without contact with 

the subsea structure (12), the vehicle being an autonomous underwater vehicle.

15 ,- Method for inspecting a subsea structure (12), comprising the following steps:

- moving an underwater vehicle (10) according to any one of daims 1 to 14 

immersed in a body of water (16) above the subsea structure (12),;
- deploying the lower proximity sensor (32) below the support body (30) towards the 

subsea structure (12);
- measuring a potential différence between the upper cathodic protection probe (80) 

and the lower cathodic protection probe (60) while cruising along the subsea structure 

(12).
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16,- Method according to claim 15, wherein the cruising speed of the support body 

(30) is greater than 0.9 km/h.

17.- Method according to any one of claims 15 or 16, wherein the vehicle (10) is an 

5 autonomous underwater vehicle, the moving step comprising autonomously cruising the 
support body (30) above the subsea structure (12) without contacting the subsea structure 

(12)



19636

15

Underwater vehicle for inspection of a subsea structure in a body of water and 

related method

ABSTRACT

The vehicle comprises a support body (30), able to move along the subsea structure 
(12) in a body of water, a lower proximity sensor (32), déployable from the support body 
(30) towards the subsea structure (12), the lower proximity sensor (32) comprising a lower 
cathodic protection probe (60), the lower proximity sensor (32) being déployable between 

a retracted position and a deployed position.
It also comprises an upper remote sensor (34) déployable from the support body 

(30), comprising an upper cathodic protection probe (80);
The lower proximity sensor (32) is located below the support body (30) in the 

retracted position and in the deployed position.

Figure 2
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