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Method for monitoring movement of a cantilever structure of an offshore platform, monitoring

system, offshore platform

@ A method for monitoring movement of a cantilever
structure of an offshore platform, such as a jack-up
platform or a self-elevating vessel, comprising
providing a boundary model containing boundary
limiting information of positions of the cantilever
structure, wherein the boundary limiting information
comprises at least position information of boundary
limiting elements, such as obstacles; providing, during
movement of the cantilever, position information of
the cantilever representing an actual position of the
cantilever; determining, during movement of the
cantilever, a difference between the cantilever
position information and the boundary limiting
information of the boundary model; providing an
output signal when the determined difference
exceeds a predefined threshold value.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de
techniek en schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende

stukken.
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TITLE: Method for monitoring movement of a cantilever structure of

an offshore platform, monitoring system, offshore platform

FIELD OF THE INVENTION

The invention relates to a method of monitoring movement of a
cantilever structure of an offshore platform, such as a jack-up platform or a
self-elevating vessel or a semi-submersible, and to a system for monitoring
movement of a cantilever structure and to a control unit configured for

carrying out such a method.

BACKGROUND TO THE INVENTION

Mobile offshore platforms can for example be operated to drill for
hydrocarbons or to install offshore structures. For drilling operations, a
drilling floor and drilling derrick are usually placed on an end of a
cantilever structure such that when the cantilever structure is retracted,
the drill floor and the derrick are substantially within the bounds of the
floating platform, for example in the form of a buoyant hull. In this
configuration the platform can be moved from one drilling location to
another, usually by being towed, or, in some embodiment, self-propelled.

Once on location, for instance, when utilizing a jack-up platform for
drilling purposes, the platform is elevated above the sea level such that it is
generally clear from waves. This can be done typically by lowering legs of
the jack-up platform to the seabed and jacking up the platform along the
legs which are then supported by the seabed. Next, the cantilever structure
can be extended out of the platform, such that the drilling center is outside
the platform and a well can be approached and/or drilled and constructed in
that position. This can be over open water or over a fixed structure

positioned on the seabed.
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In particular when drilling over an existing fixed structure resting on
the seabed, such as a jacket, reaching various well positions involves
movement of the cantilever structure relative to the platform for
maneuvering the cantilever structure, and thus the drilling derrick on it,
from one well to another. Movement of the cantilever structure can be in X-
direction, or in XY-direction, or in X-psi direction, or any combination
thereof.

Free space on an offshore platform is typically limited due to the
presence of e.g. legs, cranes and other equipment and/or accommodation
projecting upwardly from or arranged on top of the platform.

Transverse displacement of the cantilever structure may for instance
be limited by the transverse spacing between for instance the legs, typically
the aft legs, or by other permanent or temporary obstacles on the platform.
Such obstacles can for example be auxiliary equipment, supplies, a crane or
even a load hanging from a crane.

Longitudinal displacement of the cantilever structure may also be
limited by such permanent or temporary obstacles due to the irregular
outline of the cantilever. When the cantilever is positioned close to an
obstacle at a side, structural parts or equipment projecting from the
cantilever may collide with that obstacle during longitudinal displacement.

In practice, movement of the cantilever is controlled by an operator in
charge of the movement of the cantilever. However, often, the operator has
limited or no visual contact with, parts of, the cantilever and/or the
platform. Therefore, personnel is often used to survey the movement
operation of the cantilever to avoid that the cantilever collides with a part of
the platform or with an obstacle on the platform. Prevention of collision is
important as a collision may result in substantial damage and/or danger, as
well as may result in additional costs due to repair and/or downtime.
However, since movement of a cantilever typically occurs at relatively low

speeds, watching over the movement of the cantilever is a time consuming
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task and prone to human error. Also, to watch over the operation of the

cantilever, personnel often is positioned at relatively hazardous areas.

GENERAL DESCRIPTION

It is an object of the present invention to provide a method that
obviates at least one of the above mentioned drawbacks. In particular, it is
aimed to reduce the risk of moving a cantilever against a part of the
platform or against an obstacle on the platform.

According to the invention, this object is achieved by providing a
method according to claim 1.

By providing a boundary model containing boundary limiting
information and by determining the actual position of the cantilever during
movement, and comparing this position with the boundary model, the
movement of the cantilever can be monitored. By determining a difference
between the actual position and the boundary limiting information, the
movement of the cantilever can be followed in relation to the boundary
model. The boundary model preferably comprises boundary limiting
information determined by the actuation system of the cantilever defining
the extreme positions that the cantilever can be moved to, a so-called base
outline or base map of the possible cantilever movement envelope. In
addition, the boundary limiting information comprises information about
positions of boundary limiting elements, such as obstacles. These obstacles
can be permanent or temporary structures on the platform deck, e.g.
adjacent or in the surroundings of the cantilever. The obstacles can also be
permanent or temporary structures on or at the cantilever, e.g. a mobile or
detachable crane or a secondary cantilever etc. All these obstacles can limit
the operational envelope of the cantilever structure as collision may occur.

By providing such a boundary model in which such information is

obtained, the operator now has an overview of the actual operational
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envelope of the cantilever, in which he can move the cantilever. This is a
major advantage compared to the conventional situation in which usually
this information is not available at all and the operator needs to move the
cantilever based on experience and reliable communication. The boundary
5 model advantageously defines an operational envelope in which the
cantilever structure can safely move. The boundary limiting information
involves information, in particular position information, that affects the
boundary of the boundary model.
Advantageously, this information is presented to the operator on an
10  interface which he can easily consult. The interface can be a screen in the
operator cabin or an application on a mobile communications device etc.
When the difference between the actual position information of the
cantilever and the boundary limiting information exceeds a predefined
threshold value, typically when the cantilever position information is too
15  close to the boundary limiting information, output information can be
generated, preferably to the operator, e.g. to warn the operator that the
cantilever is approaching a limit of its operational envelope. The output
information can be an audible or a visual feedback to the operator, e.g. by
means of a warning light or a warning horn. Also, the output information
20  can be presented on the interface as well. The operator can then decide how
he wants to interrupt the operations. In a more advanced embodiment, the
output information can be fed to the actuation system to slow down or
mterrupt the actuation operation.
The predefined threshold value can be zero or different from zero. The
25  predefined threshold value can be set by the operator, and can thus be
adaptable, or can be set by the constructor of the cantilever and cantilever
actuation system as a machine parameter. The predefined threshold value
in fact provides for a safety zone in which the cantilever operation may be
stopped to avoid collision. Alternatively and/or additionally, the speed of the

30 movement of the cantilever structure may be slowed down when
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approaching the threshold value and/or when approaching the boundary
limit of the boundary model.

The boundary model preferably is incorporated as a two-dimensional
or three-dimensional map containing position information in a respective

5 coordinate system. The coordinate system can be a Cartesian, polar or any

other suitable coordinate system. Advantageously, the position information
of the cantilever structure itself may include information about the
dimensions of the cantilever structure. Alternatively, the dimensions of the
cantilever may be provided in the boundary model as boundary limiting

10 information. Or, also alternatively, the position information of the cantilever
may comprise information of the position of a reference point of the
cantilever. Dimensions of the cantilever extending out of the reference point
may for example be incorporated in the threshold value. The reference point
typically may be the well center of the cantilever. Many variants are

15  possible.

Preferably, the boundary model is a dynamic model providing
information about allowable positions or position ranges of the cantilever.
The boundary imiting information may be dependent on the layout of the
platform and/or on the obstacles positioned thereon.

20 Advantageously, the boundary limiting information comprises a fixed
or permanent part and a dynamic or adaptable part. Typically, fixed or
permanent boundary limiting information comprises information about
permanent structures on the cantilever bearing structure, 1.e. the platform,
such as a crane foundation, a crane rest, jacking structures e.g. jack houses

25  or the legs, and/or information about the dimensions of the cantilever
structure itself, and/or also comprises the limitations of the movement
system that provides for the movement of the cantilever, such as an XY-
system or an x-psi system, e.g. the end of reach of the movement system. .
Permanent boundary limiting information may be pre-programmed, e.g. by

30  entering coordinates manually or by recording limits during try out in ‘as-
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built’ situation, or may be generated automatically using known sensors for
mapping the surroundings.

The adaptable boundary limiting information may be different for
different operations, e.g. at different offshore sites, or different types of
operations, e.g. drilling, maintenance, etc., and may e.g. dependent on
temporary obstacles on the platform, such as containers or equipment. Also,
information about the surroundings of the cantilever structure, which may
be on the platform or outside the platform, e.g. an adjacent structure such
as a well head supporting jacket, may be provided as boundary limiting
information to the boundary model. Temporary boundary limiting
information, e.g. temporary objects on the deck supporting the cantilever or
equipment temporarily entering the allowable position range as determined
according permanent boundary limiting information, may be entered
manually on an interface or automatically using known sensors for obstacle
recognition. Automatically gathered boundary limiting information may be
refreshed regularly, for example real time, to keep the boundary model up-
to-date during movement of the cantilever structure.

Providing the applicable boundary limiting information allows for a
dynamic boundary model. This gives a large flexibility for the operator of
the cantilever, and may enlarge the operational envelope compared to the
conventional situation in which such information is not available.

Advantageously, at least one of the boundary limiting information is
inputted to the boundary model prior to the movement of the cantilever to
adapt the boundary model to the actual or current operational situation. For
example, the fixed or permanent boundary limiting information may be
permanently available in the boundary model, and the adaptable boundary
limiting information may be inputted prior to the movement of the
cantilever to reflect the actual or current situation in which the cantilever

will be operated.



10

15

20

30

7

Inputting of boundary limiting information can be done either
manually or automatically, for example via scanning of the surrounding
environment and/or via scanning of boundary limiting elements. Via
scanning of the surrounding environment, typically the environment near
and/or adjacent to the cantilever, e.g. the deck of the self-elevating platform,
or the jacket to be approached by the cantilever, or similar structures,
possible boundary limiting elements can be detected. The scanning of the
surrounding environment can be done with a detection system. Such
detection system can comprise any kind of sensor able to detect distance and
direction to objects, using various signals e.g. optical or sonical, such as
image recognition, range detectors, such as LIDAR, ultrasound.
Additionally, the detection system can comprise position sensors, such as an
encoder, GPS transmitter or local beacon, or sensors for mapping the
surroundings or any combination of suitable sensors. The scanned position
information can be the position of at least an extreme end portion of the
detected boundary limiting element. Scanning or sensing of the surrounding
environment can be done prior to the movement of the cantilever structure
to set the boundary model for the following movement operation, or can be
done during the movement of the cantilever structure. When determining
position information during movement of the cantilever structure an
intermittent or even real time updating of the boundary model becomes
possible. All such scanning or sensing arrangements or control unit may be
integrated with the cantilever structure or the surrounding structure,
preferably provided with robust housing and/or explosion proof rating.

Alternatively, the structures on the platform may be tagged with an
information label, e.g. an RFID, which can be detected by the scanning
apparatus. In such a case, the information contained in the tag may be
transmitted to the scanning apparatus and/or to a control unit. The
information contained in the tag, in particular, information about the

position of the detected boundary limiting element, may be inputted
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automatically and/or directly into the boundary model. Alternatively, the
position information of the detected element can be presented to the
operator on an interface, after which the operator can decide whether to
input the position information into the boundary model.

Also, during movement of the cantilever structure, the surrounding
environment may be scanned and/or boundary limiting elements may be
detected to determine whether a boundary limiting element may be
temporary restricting the boundary limits of the cantilever structure
movement, e.g. a movable crane of which a crane boom may be temporary
limiting the movement of the cantilever structure. Thus, during movement,
the boundary model may be updated with the scanned and/or detected
boundary limiting information. Also, during movement, the actual position
information of the cantilever structure may be updated into the boundary
model.

The boundary limiting information of a boundary limiting element
can comprise information on the horizontal and/or vertical position of an
extreme portion of the boundary limiting element. Providing information
about an extreme portion of the boundary limiting element, preferably of an
extreme portion that is closest to the cantilever, may give a more accurate
boundary model for the movement of the cantilever.

When the horizontal and/or vertical position information is available,
the difference between the actual position information of the cantilever and
the boundary limiting information can be determined in horizontal and/or
vertical dimensions respectively.

Further, there can be provided a method for monitoring movement of
a cantilever structure of an offshore platform, such as a jack-up platform or
self-elevating vessel, comprising:

prior to moving:

- providing a monitoring unit including a data processor with a

memory containing a boundary model in computer readable and
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executable form for determining limitations of position ranges in
accordance with boundary limiting information representing at
least positions of boundary limiting structures, such as obstacles,
and containing a threshold value;

5 - Inputting boundary limiting information representing at least
positions of boundary limiting structures into said memory;

- the data processor determining limitations of at least one position
range from the inputted boundary limiting information in
accordance with said boundary model,;

10 during movement:

- feeding position information representing the position of at least
the cantilever into the data processor;

- the data processor calculating a difference between the position
information and said limitations of the at least one position range;

15 and

in response to said difference being below the threshold value the

data processor generating an output signal.

There can also be provided a control unit for monitoring movement of

a cantilever structure of an offshore platform, such as a jack-up platform,
20  comprising:

- a data processor with a memory containing a boundary model in
computer readable and executable form for determining limitations
of position ranges in accordance with boundary limiting
information representing at least positions of boundary limiting

25 elements and containing a threshold value;

- a boundary limiting information input interface for inputting

boundary limiting information representing at least positions of

portions of boundary limiting elements into said memory; and
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- a position information input interface for inputting position
information representing the current position of at least the
cantilever along the cantilever guide into the data processor;

- wherein the data processor is arranged for:

- determining limitations of at least one position range from the
inputted boundary limiting information in accordance with said
boundary model;

- calculating a difference between the position information and said
limitations of the at least one position range along the cantilever
guide; and

in response to said difference being below the threshold value the
data processor, generating an output signal.

The invention further relates to a system for monitoring movement of
a cantilever structure. By providing such a system, a collision prevention
system can be arranged to monitor and/or control the movement of the
cantilever structure on an offshore platform, such as a jack-up or self-
elevating vessel.

The invention further relates to a control unit. The control unit may
monitor that the cantilever structure outline and/or the cantilever reference
point remains within the boundaries of the boundary model. The control
unit may compare the current position and/or movement of the cantilever
with the boundary model and may generate an output information such as
an output signal when secure conditions are no longer present. Thereto, the
control unit may receive position information from an input unit, e.g. an
interface for manual input, or from a scanning or sensor arrangement. A
threshold value may preferably be provided, which can be a settable safety
margin, setting the distance from the cantilever to the boundary at which
the control unit will generate a signal. When the cantilever enters this
warning zone, the operator may be alerted and/or advised to intervene, e.g.

by visual or audible signal or message. The operator may then decide how to
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proceed. Alternatively, the control unit may intervene operations and/or
stop movement or reduce the speed while awaiting further instructions. At
the boundary, the control unit preferably automatically executes a
controlled stop or an emergency stop of the cantilever in order not to exceed
the boundary of the boundary model. Alternatively, there may be multiple
threshold levels, e.g. subsequent zones with increasing danger levels.

An interface may be provided that may show the current position of a
reference point and/or of the outline of the cantilever structure on a suitable
representation of the boundary model. The reference point may be for
example the drilling position or well center, the outline of the cantilever
structure may represent the outer sides of the cantilever structure. The
representation of the boundary model may contain a map of the surrounding
structures and/or objects or may be transformed to some topological format.
Boundary limiting information or permanent boundary limiting information
may be set by the operator, e.g. by inputting coordinates or by activating
areas 1n a grid e.g. on a touch screen interface.

In case the cantilever outline changes in time, due to structural
adaptations or equipment temporarily attached to the cantilever e.g. an
auxiliary crane or a secondary cantilever, the interface can be used to set or
input the permanent or temporary dimensions of the cantilever to update
the boundary model.

Temporary objects, such as equipment or supplies, placed within the
secure boundaries of the boundary model may be added manually as an
obstacle or may trigger an automatic response when the object is provided
with a tracking device, e.g. a tag or transponder indicating position,
orientation and/or volume. Peripheral equipment, such as a leg crane, which
may intrude the allowable position range for the cantilever during operation
may also be provided with such a tracking device triggering such an

automatic response when crossing the boundary. An automatic response
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results in an update of the boundary model, e.g. blocking a certain area and
preventing the cantilever from entering this sector.

The control unit may be arranged to receive a signal from said
tracking device, to identify the signal to locate the source and to react
accordingly by updating the boundary model. Alternatively, a scanning or
sensing device may be provided that is arranged to receive information from
such tracking devices or to actively scan the environment to detect such
tracking device. The scanning device may then provide the detected position
information to the control unit to update the boundary model prior or during
movement of the cantilever structure.

The invention further relates to a computer program product and to
an offshore platform.

Particular elaborations and embodiments of the invention are set
forth in the dependent claims.

Further features, effects and details of the invention appear from the

detailed description and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 11is a schematic side view of an offshore platform with a first
example of a cantilever structure according to the invention;

Fig. 2 is a schematic top plan view of the platform shown in Fig. 1;
and

Fig. 3 shows an example of a boundary model;

Fig. 4 is flow chart of an example of a method according to the

invention.
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DETAILED DESCRIPTION

The invention is discussed with reference to Figs. 1 and 2 which show
an embodiment of an offshore platform in the form of a jack-up platform 1
with a cantilever structure 2 projecting substantially horizontally from a
platform hull 6 of the jack-up platform 1. The jack-up platform 1 has three
legs 3, 4, 5 carrying the platform hull 6, which is displaceable in vertical
direction along the legs 3, 4, 5. Depending on various requirements, the
number of legs may also be different, e.g. one, two, four, five, six or more
legs. In this embodiment a cabin 7 accommodating control facilities,
machinery and providing shelter or housing for a crew is arranged on the
platform hull 6 at a side opposite of the side from which the cantilever
structure 2 projects. The control facilities may also be positioned on the
cantilever or as on the deck of the platform. The cantilever structure 2 is
composed of a cantilever guide 8 and a cantilever 12 guided thereby.

The cantilever guide 8 is in the form of a skidding system having a
fixed part in the form of transverse rails 9 fixedly mounted to the platform
hull 6 of the jack-up platform 1 and a movable part 10, guided for guided
movement relative to the fixed part 9. The movable part 10 of the cantilever
guide 8 1s formed by longitudinal rails 10 that are part of the elongated
cantilever 12. In the present example two rails are provided, but other
numbers of rails and/or other longitudinal guides and/or traction providing
structures are also conceivable.

Support members 11 are guided by the rails 9 for guided
displacement along the rails 9 so that the cantilever 12 is displaceable in
substantially horizontal, transverse directions Y of the transverse rails 9,
between extreme left and right positions, port and starboard positions. The
cantilever 12 is guided to move over the support members 11 by its
longitudinal rails 10 guided by the support members 11, along a trajectory

in substantially horizontal longitudinal X direction between a most proximal
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position and a most distal position while the support members 11 are held
stationary relative to the transverse rails 9. Displacement in other selected
directions can be achieved by combination, simultaneous or sequential, of
movement of the support members 11 along the transverse rails 9 and
movement of the cantilever 12 with its longitudinal rails 10 over the support
members 11. For examples of further details of support members and means
for controlling displacements of the support members along the rails,
reference is made to U.S. patent 6 171 027. The support members 11 may
also be mutually connected forming a common intermediate member of the
cantilever guide. In this example, a so-called XY-cantilever skidding system
is used that allows movement of the cantilever 12 in longitudinal X and
transverse Y direction. It is understood that other cantilever movement
systems can be provided allowing movement in X-direction only, or allowing
movement in X-Psi direction, so a combined longitudinal and angular
movement. Many variants are possible.

The cantilever 12 projects from the fixed part 9 of the cantilever guide
8 and, in this example, has a drilling platform 13 carrying a drilling tower
14 at a distal end of the cantilever structure 2 for instance for performing
drilling and other operations such as plugging wells 91-96 performed over a
fixed platform 90. Instead of a drilling platform with a drilling tower or
other rotary facilities, the cantilever structure may also carry a different
well drilling or intervention facility, such as a crane or other equipment for
performing operations such as well construction, maintenance, work over
and/or plug and abandonment. The cantilever structure 2 may also comprise
a secondary cantilever carrying any of said facilities.

Free space for the movement of the cantilever 12 can be limited due to
the presence of boundary limiting elements, such as jack-up platform legs 3-
5 including their related jacking houses and/or other items, such as

accommodation housing 7, projecting upwardly from or arranged on top of
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the platform hull 6. Free space may also be limited by an adjacent fixed
structure, such as fixed platform 90.

During transit and installation, the cantilever structure 2 is
preferably retracted further inboard than in the distal position and sea-
fastened. In the retracted position, the cantilever 12 and any facilities
mounted thereto are preferably completely inboard of the platform, but a,
preferably small, portion of the cantilever and/or of any facilities mounted
thereto may still project outside of the platform 1.

In Fig. 2, a theoretical maximum operational envelope 22 in top plan
view of the area potentially occupied by the cantilever structure 2 is shown.
The theoretical maximum operational envelope 22 is determined by
maximum reach of the movement system, such as the XY-skidding system of
the embodiment of fig. 1 and fig. 2. Here, the boundary model contains only
boundary limiting information about the maximum reach of the movement
system, defining the boundaries of movement of the cantilever, resulting in
the maximum theoretical operational envelope. In this embodiment, the
maximum reach is therefore substantially rectangular, as shown for
example in figure 3, as a dashed line. It is to be understood that the
maximum operational envelope determined by the maximum reach of the
movement system can have different shapes depending on the movement
system. In figure 3, the platform 6 is schematically represented of which two
legs 3, 4 are shown, the cantilever structure 2 itself is — for reasons of
simplicity — not shown here. Instead, a reference point 23 of the cantilever
12 is shown. The reference point 23 can be for example the center of the
drilling tower 14. As the movement of the cantilever 12 is often intended to
bring the drilling tower 14 in a desired position, e.g. above a well center of a
jacket platform 90, it is for the operator convenient to have the drilling
tower 14 as the reference point. This may also be visualized as such onto the
interface accessible for the operator. Fig.3 shows an example of a cantilever

reference point on a representation of the boundary model 24. The boundary
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model can be represented in a cartesian coordinate system or in a polar
coordinate system in case of rotating cantilever. The representation can be
certain reference coordinates, e.g. drilling center, among allowable positions,
or a cantilever outline on a hasemap showing surrounding or neighbouring
structures. The representation of the boundary model can be with a grid
and/or with sectors. Inputting of boundary limiting information can be done
manually via an interface, or automatically by selecting a sector or
inputting coordinates.

As can be seen from Fig. 2, portions of this maximum envelope 22
overlap with the rear legs 3, 4 of the platform 1. In some situations, the
theoretical maximum envelope may also overlap the fixed platform 90.
Thus, movement of the cantilever 2 without regard to limitations imposed
by portions of the platform or obstacles on the platform could result in
collision of the cantilever structure 2 to e.g. one of the legs 3, 4. In the
present example, this is avoided by limiting the position range, i.e. the
range of positions in which the cantilever can be moved, in Y-direction of the
cantilever 12 when in or near its most retracted position. Thereto, the
boundary model further contains boundary limiting information comprising
at least position information of boundary limiting elements, such as legs,
cranes, jackets etc. This boundary limiting information in fact reduces the
maximum theoretical envelope, as can be seen e.g. in figure 3. In figure 3,
the maximum theoretical envelope 22 is presented in broken line, the
boundary model 24 containing the position information of boundary limiting
elements is presented hatched. Thus, from adding the position information
of boundary limiting elements, such as legs 3, 4, to the boundary model 24,
the area in which the cantilever structure 2 can move becomes smaller
compared to the boundary model containing only the maximum theoretical
reach of the movement system. There are safety stops on the movement
system, such that when the movement system approaches the end of its

reach, it is either automatically stopped, or it abuts against a mechanical
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stop resulting in stopping of the movement. The operator itself often does
not have an overview, or visual representation, of the position of the
cantilever, as the visual contact with the cantilever is imited from his
operator cabin. The operator typically operates the cantilever by visual
inspection only, supported by people placed at strategic positions on deck to
inform him of the process. Needless to say, that in such situations mistakes
can easily happen. Therefore, providing an interface to the operator on
which the position of the cantilever, e.g. a reference point thereof, with
respect to the boundary model can be given, allows already for a more
accurate operation of the cantilever.

Advantageously, a threshold value can be defined, wherein the
threshold value represents a safety zone, in which e.g. the operator can be
warned or the cantilever can be slowed down etc. The threshold value can be
inputted by the operator, or can be set by the manufacturer of the
movement system, or variants thereof. Also, the threshold value can be
different for different movement directions, e.g. in case of an XY-movement
system, the threshold value in X-direction may be different from the
threshold value in Y-direction, and similar for an X-psi-movement system
for which the threshold in X-direction can be different than the threshold
value in angular psi-direction.

Boundary limiting elements, such as legs, cranes, etc., can be
permanent, but can be temporary as well, e.g. a container or equipment.
Advantageously, the boundary limiting information of the boundary limiting
elements can be inputted to the boundary model to provide for a more
accurate and up-to-date boundary model. Providing this boundary limiting
information to the boundary model can be done prior to the movement of the
cantilever, or can even be done during the movement of the cantilever, for
example when the boom of a crane enters the boundary model, the position
of the boom is preferably inputted to the boundary model to limit the

possible range of movement of the cantilever there.
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A further, temporary limitation of the position range can for instance
result from the presence of a container 26 on the platform hull 6. Collision
with the container 26 is avoided by restricting a set of forward positions to
the port side of the cantilever. Yet another temporary restriction can for
instance result from the position of a crane 28. While it is generally the
responsibility of the crane operator to stay clear of the cantilever 2,
operations to be performed may require that the full range of the crane 28 is
left free. This again can be warranted by reducing limits of the position
range.

Another possible limitation of the range of movement of the cantilever
12 may be provided by for example a crane attached to the side of the
cantilever, or a secondary cantilever mounted on top of the cantilever,
altering the outline of the cantilever.

Limitations of position ranges may also result from loads carried by
the cantilever structure 2 as for instance registered by a load sensor 32.
Current positions of the cantilever 12 along the respective cantilever guides
9may for instance be registered using position sensors 33. It is to be
understood that the load sensors and/or position sensors can have various
positions on the cantilever.

Collisions with structures of the platform 1 or with obstacles on the
platform hull 6 can be avoided by automatically monitoring the movement of
the cantilever structure 2 using a control unit 29 including a data processor
30 with a memory 31 containing a boundary model in computer readable
and executable form for determining limitations of position ranges of the
cantilever in accordance with boundary limiting information representing at
least positions of portions of boundary limiting elements of platform
elements, such as legs 3, 4, or obstacles 26, 27, 28, cantilever load or
cantilever structure configuration and containing a threshold value.

For determining limits of the position ranges, boundary limiting

information is gathered, which represents at least positions of portions of
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platform elements or obstacles, cantilever load or cantilever structure
configuration, inputted into a data processor 30 and stored in the memory
31. In addition to permanent boundary limiting information, temporary
boundary limiting information may for instance be inputted manually on an
interface, such as a human-machine interface (HMI) or may be detected by
sensors. A scanning arrangement comprising scanners or sensors can be
provided to detect boundary limiting elements.

For example, scanners 34-37 can be provided or position information
can be received from a position indicator of e.g. crane 28. The sensor or
scanning arrangement can provide at least a position indicator for providing
reference coordinates of the cantilever, such as an encoder, linear
transducer, GPS transmitter or a local beacon, and can optionally be
provided with range scanners, optical scanners and/or position tracking
sensors, e.g. on the cantilever, equipment, tag tracking detectors, e.g. RFID
tag on temporary obstacles. In figure 2, the scanners or sensors 34-37 are
positioned on the deck of the platform 6, alternatively and/or additionally,
the scanners or sensors may be positioned on the cantilever structure 2.

The scanned boundary limiting information preferably includes
scanned positions of at least an extreme end portions of each obstacle on the
platform hull 6 that is in the theoretical envelope 22. The memory 31 holds
a computer program in computer readable and executable form which, when
loaded into the data processor 30, makes the data processor 30 suitable for
carrying out the method according to the invention and according to the
examples described below.

The boundary limiting information may be gathered real-time, which
may involve a more or less constant delay or intermittent gathering with a
given time interval, so that the temporary boundary limiting information 1is
maintained current. Even if sensing obstacles is temporary impossible, e.g.

due to averse weather conditions, the risk of collisions during skidding of
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the cantilever 2 is still reduced as the position ranges are based on the last
available temporary boundary limiting information.

As is illustrated in Fig.4 by the flow chart of an example of an
algorithm for carrying out the method according to the invention, after
operation is started, first the boundary model is read (step 50) and the
threshold value, which may be zero or allow for a safety margin, is read
(step 51). A preliminary step that may be repeated after each operating
cycle 1s reading the permanent and/or temporary boundary limiting
information (step 52). In step 53, the data processor 30 determines
Limitations of the position ranges from the inputted boundary limiting
information in accordance with the boundary model.

During movement of the cantilever, which is preferably blocked prior
to completions of the above-described steps 50-53, position information
representing the position of the cantilever 12 fed from the sensors 33 can be
read (step 54).

The data processor 30 then calculates a difference between the
position information and the combined limitations of the position ranges of
the boundary model (step 55). If the difference exceeds the threshold value,
in particular is below the threshold value (determination 56), the data
processor 30 generates an output signal (step 57). The output signal may for
instance be a warning signal for the operator, but can be a signal inputted
into the skidding drive control so that speed is reduced or movement is
automatically stopped. To avoid imparting shocks onto the cantilever
structure 2, the stopping is preferably carried out smoothly.

The inputted boundary limiting information preferably also includes
information on the vertical position of at least an extreme upper end portion
of each obstacle on the platform hull 6 that is in the theoretical envelope 22.
The calculation of a difference between the position information and the
Iimitations of the at least one position range (step 55) preferably also

includes calculating a vertical difference, the vertical difference being



10

15

20

21
compared with a vertical threshold value. This allows parts of the cantilever
structure 2 to be passed over low objects, which in top plan view are inside
the theoretical envelope 22 of movement of the cantilever structure 2.

By providing that the boundary model preferably includes one or
more relationship between limitations of position ranges and at least a
position of an item carried by the cantilever, e.g. a secondary cantilever, or
an auxiliary crane, use of at least a relatively large portion of the full range
of movement without collision is made available.

Where parts are described as fixedly mounted, the mounting may be
permanently fixed or removably or releasably fixed, the latter allowing
dismounting or adjustment of the mounting position. In the retracted
position, the cantilever structure may be fully retracted within a top plan
view contour of the jack-up platform or project horizontally outside of that
contour, but less far than in the distal position. Similarly, in the retracted
position, the secondary cantilever may be fully retracted in the longitudinal
direction relative to the primary cantilever or project horizontally in
longitudinal direction beyond the primary cantilever, but less far than in
the distal position.

For the purpose of clarity and a concise description, features are
described herein as part of the same or separate embodiments, however, it
will be appreciated that the scope of the invention may include
embodiments having combinations of all or some of the features described.
It may be understood that the embodiments shown have the same or similar
components, apart from where they are described as being different.

Several features have been described as part of the same or separate
embodiments. However, it will be appreciated that the scope of the
invention also includes embodiments having combinations of all or some of
these features other than the specific combinations of features embodied in

the examples.
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Conclusies

1. Een werkwijze voor het monitoren van beweging van een
cantileverstructuur van een offshore-platform, zoals een hefplatform of een
zelf-heffend vaartuig, omvattende:

- het verschaffen van een grensmodel dat grens limiterende informatie van
posities van de cantileverstructuur, waarbij de grensbeperkende informatie
ten minste positie-informatie van grensbeperkende elementen, zoals
obstakels, omvat;

- het tijdens beweging van de cantilever verschaffen van positie-informatie
van de cantilever die een actuele positie van de cantilever weergeeft;

- het bepalen tijdens beweging van de cantilever, van een verschil tussen de
cantilever positie-informatie en de grens limiterende informatie van het
grensmodel;

- het verschaffen van een uitvoersignaal wanneer het bepaalde verschil een
vooraf bepaalde drempelwaarde overschrijdt.

2. De werkwijze volgens conclusie 1, verder omvattende het ingeven van
ten minste één grensbeperkende informatie voorafgaand aan beweging van
de cantileverstructuur.

3. De werkwijze volgens conclusie 1 of 2, verder omvattende het
biyjwerken van het grensmodel tijdens beweging van de cantileverstructuur.
4. De werkwijze volgens één der voorgaande conclusies, verder
omvattende het scannen van een omliggende omgeving van de
cantileverstructuur en/of het platform naar de aanwezigheid van een
grensbeperkend element.

5. De werkwijze volgens conclusie 4, waarbij het verschaffen van de
egrensbeperkende informatie het verschaffen van een gescande positie-

informatie van het grensheperkende element omvat.
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6. De werkwijze volgens één der voorgaande conclusies, waarbij het
verschaffen van de grensbeperkende informatie het verschaffen van een
horizontale positie en/of verticale positie van een uiterste gedeelte van een
grensbeperkend element omvat.

7. De werkwijze volgens conclusie 6, waarbij het bepalen van een
verschil tussen de cantilever positie-informatie en grensbeperkende
informatie het bepalen van een verschil in horizontale en/of verticale
positie-informatie omvat.

8. De werkwijze volgens één der voorgaande conclusies, waarbij het
verschaffen van grensbeperkende informatie het verschaffen van positie-
informatie van ten minste een uiterste gedeelte van een tijdelijk obstakel,
zoals een beweegbare kraan, omvat.

9. Systeem voor het monitoren van beweging van een
cantileverstructuur van een offshore-platform, zoals een hefplatform,
omvattende

- een controle-eenheid omvattende een dataprocessor met een geheugen dat
een grensmodel in een door een computer leesbare en uitvoerbare vorm
bevat die een grensmodel bevat dat grensbeperkende informatie van posities
van de cantileverstructuur bevat, waarbij de grensbeperkende informatie
ten minste positie-informatie van grensbeperkende elementen, zoals
obstakels, omvat; waarbij de controle-eenheid is ingericht voor het
ontvangen, tijdens beweging van de cantilever, van positie-informatie van
de cantilever die een actuele positie van de cantilever weergeeft; en het
bepalen, tijdens beweging van de cantilever, van een verschil tussen de
cantilever positie-informatie en de grensbeperkende informatie van het
srensmodel; verder ingericht voor het genereren van een uitvoerinformatie
wanneer het bepaalde verschil een voorafbepaalde drempelwaarde

overschrijdt;
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- een uitvoereenheid voor het ontvangen van de uitvoerinformatie om een
uitvoersignaal te genereren.
10. Systeem volgens conclusie 9, verder omvattende een invoereenheid
voor het invoeren van de grensbeperkende informatie.
11. Systeem volgens conclusie 9 of 10, verder omvattende een interface-
eenheid die de invoereenheid en/of de uitvoereenheid bevat.
12.  Systeem volgens één der voorgaande conclusies 9 - 11, verder
omvattende een scaninrichting voor het scannen van een positie van ten
minste een uiterste eindgedeelte van een grensbeperkend element.
13.  Systeem volgens conclusie 12, waarbij de scaninrichting verbonden 1s
met de controle-eenheid voor het ingeven van de gescande informatie in het
grensmodel.
14. Systeem volgens één der voorgaande conclusies 9 - 13, waarbij de
controle-eenheid is ingericht om gelijk welke van de stappen van de
werkwijze van conclusies 1 — 8 uit te voeren.
15. Een controle-eenheid omvattende een dataprocessor met een
geheugen dat een grensmodel in een door een computer leesbare en
uitvoerbare vorm bevat die een grensmodel bevat dat grensbeperkende
informatie van posities van de cantileverstructuur bevat, waarbij de
grensheperkende informatie ten minste positie-informatie van
grensbeperkende elementen, zoals obstakels, omvat; waarbij de controle-
eenheid is ingericht voor het ontvangen, tijdens beweging van de cantilever,
van positie-informatie van de cantilever die een actuele positie van de
cantilever weergeeft; en het bepalen, tijdens beweging van de cantilever,
van een verschil tussen de cantilever positie-informatie en de
srensbeperkende informatie van het grensmodel; verder ingericht voor het
genereren van een uitvoerinformatie wanneer het bepaalde verschil een

voorafbepaalde drempelwaarde overschrijdt.
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16. De controle-eenheid van conclusie 15, waarbij de controle-eenheid 1s
ingericht om gelijk welke van de stappen van de werkwijze van conclusies 1
— 8 uit te voeren.

17. Computerprogrammaproduct voor het monitoren van beweging van

5 een cantileverstructuur van een offshore-platform, welk
computerprogrammaproduct instructies omvat om een processor ten minste
één van de stappen van de werkwijze volgens één der conclusies 1 — 8 te
doen uitvoeren.

18.  Offshore-platform omvattende een systeem volgens één der conclusies

10 9-14.
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TITLE: Method for monitoring movement of a cantilever structure of an

offshore platform, monitoring system, offshore platform

ABSTRACT

A method for monitoring movement of a cantilever structure of an offshore
platform, such as a jack-up platform or a self-elevating vessel, comprising
providing a boundary model containing boundary limiting information of
positions of the cantilever structure, wherein the boundary limiting
information comprises at least position information of boundary limiting
elements, such as obstacles; providing, during movement of the cantilever,
position information of the cantilever representing an actual position of the
cantilever; determining, during movement of the cantilever, a difference
between the cantilever position information and the boundary limiting
information of the boundary model; providing an output signal when the

determined difference exceeds a predefined threshold value.

[Fig. 1]
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WRITTEN OPINION Application number
{SEPARATE SHEET) MLE2018480

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Heference is made to the following documents:
D1 EP 2 993 620 A1 (FUGRO N V [NL]D) 9 maart 2016 {2016-03-09)
2 The present application does not meet the criteria of patentability, because

the subject-matier of claim 9 is riol new.
2.3 Document D1 discloses, ¢f. the cited passages in the search report

“sen systeem geschikt voor het menitoren van beweging van een
cantleverstructuur van een offshore-platiorm, zoals sen hefplatform,
omvattende

- een controle-eenheid omvaltende sen dataprocessor {cf. par. 31) met
gen geheugen dat een grensmodel in een door een computer leesbare
en ultvoerbare vorm bevat die een grensmadel {cf. par. 25) bevat dat
grenabeperkends informatie van posities van de cantileverstruciuur
bevat, waarbij de grensbeperkende informatie ten minste positie-
informatie van grensbeperkende elementan, zoals cbstakels, amvat;
waarbi de controle-senheid is ingericht voor het ontvangen, tijdens
beweging van de cantilever, van positis-informatie van de cantilever die
een actuele positie van de cantitever weergeeft {of. par. 25); en het
bDepalen, lijdens beweging van de cantilever, van een verschil {ussen de
cantilever positis-informatie en de grensbeperkends informatie van hst
grensmode! (¢l par. 19}, verder ingericht voor het genersren van sen
uitvoerinformatie wanneer het bepaalde verschil een voorafbepaalde
drempelwagrde overschrijdt,

- gen uitvoersenheid voor het ontvangen van de wivoerinformatie om
aen uitvoersignaal te genereren (cf. par. 22)."

The pc;sifion determining system known from document D1 is obviously
suitable for being used in relation to the movements of an olfshore cantilever,
cf. paragraph 35.

Therefore all the features of claim 1 are known from document D1,

3 Document D1 discloses an offshore platform. The subject-matter of
corresponding claim 18 is therefore not novel either,

FormNL2STR Istpaiaiasheatl fduly SUEEY (sheet 1}



WRITTEN OPINION Application number
{SEPARATE SHEET) MLE2018480

4 in view of paragraph 35 of document D1, the subject-matter of corresponding
independent claimg 1, 18 and 17, defining a "werkwijze", a "controle-cenhaid”
and "computerprogrammagroduct” cannot be considered as involving an
inventive step, as it would be obwious for the skilled person o apply the
pasition determining system known from this document with respectto a
cantilever, especially as the advantages thus achieved can be readily
foreseen.

5 Dependent claims 2 to 8, 10 to 14 and 16 do not contain any features which,
in combination with the features of any claim to which they refer, maet the
requirements of novelly andfor inventive step:

8.1 Document D1 discloses at lsast the features of claims 10 to 14, of. the cited
passages in the search report. Thersfore the subject-matter of said claims is
not novel in view of this document.

5.2 Daocument D1 discloses at least the features of claims 2'to 8 and 16 per 8é,
cf. the cited passages in the search report.

Therafore, in view of document D1, the subject-matier of claims 2o 8 and 16
appears to concerm minor constructional modifications which come within the
scope of the customary practice followed by persons skilled in the art,
especially as the advantages thus achieved can readily be foreseen.

Certain defects in the application

g The features of the claims should have been provided with reference signs
placed in parentheses.
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