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Method and system for determining the manufacturing dimensions for a
connecting element

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a method and a system for determining the manu-
facturing dimensions for a connecting element according to the preambles of the
appended independent claims.

BACKGROUND OF THE INVENTION

Prefabrication methods are widely used in the construction of ships. In prefabrica-
tion a ship is assembled from prefabricated building blocks, i.e. ship blocks, which
are built separately. Each ship block typically contains one or more sections, which
are formed of cut-to-size steel plates that are provided with profiles, struts and side
walls. The ship blocks are equipped with most of the electrics and with most of the
pipes and ducts for heating, plumbing and ventilation purposes before the ship
blocks are connected together. The rest of the installation work is done after the
ship blocks have been connected together.

With the use of prefabrication the construction of a ship is faster compared to other
known ship construction methods. Furthermore, since typically the ship blocks are
built inside a factory shed in a controlled environment, also the building quality is
higher.

Despite of the above advantages, known ship construction methods based on pre-
fabrication of building blocks have a significant disadvantage that relates to con-
necting elements, such as pipes and ducts, which are connected between two
structural elements in a connecting region of two interconnected ship blocks. In
known ship construction methods, the manufacturing dimensions for these con-
necting elements are measured in situ inside the ship blocks after the ship blocks
have been connected together. As a result of this the connecting elements cannot
be manufactured in advance so that they would be ready to be installed right after
the ship blocks have been connected together. This delays the construction of the
ship as other construction stages must be postponed. Depending on the number
and complexity of the connecting elements that will be installed in the connecting
regions of the ship blocks, the delay is typically from a couple of hours to few days,
or even to a couple of weeks.
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OBJECTIVES OF THE INVENTION

It is the main objective of the present invention to reduce or even eliminate prior
art problems presented above.

It is an objective of the present invention to provide a method and a system for
determining the manufacturing dimensions for a connecting element that is to be
installed between two structural elements in a connecting region of two intercon-
nected structural blocks. It is also an objective of the invention to provide a method
and a system enabling to safely and quickly determine the manufacturing dimen-
sions for a connecting element that is to be installed between two structural ele-
ments in a connecting region of two interconnected structural blocks.

It is a further objective of the present invention to provide a method and a system
enabling to reduce the construction time of a ship or other marine structure that is
constructed from prefabricated building blocks.

In order to realise the above-mentioned objectives, the method and the system
according to the invention are characterised by what is presented in the character-
ising parts of the appended independent claims. Advantageous embodiments of
the invention are described in the dependent claims.

DESCRIPTION OF THE INVENTION

A typical method according to the invention for determining the manufacturing di-
mensions for a connecting element that is to be connected between a first struc-
tural element in a first structural block and a second structural element in a second
structural block that is connected to the first structural block, comprises:

- scanning the first and the second structural block with at least one laser
scanner to obtain point clouds of the structural block ends that are to be
connected together, and

- comparing the point clouds to 3D digital models of the first and the second
structural block to obtain the manufacturing dimensions for the connecting
element.

In the method according to the invention, the step of scanning the first and the
second structural block with at least one laser scanner is performed before the
structural blocks are connected together. Preferably, also the step of comparing
the point clouds to 3D digital models of the first and the second structural block is
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performed before the structural blocks are connected together. The manufacturing
of the connecting element can thus be started at an early stage so that the con-
necting element would be ready to be installed right after the ship blocks have
been connected together.

In the method according to the invention, the ends of the structural blocks that are
to be connected together are scanned to obtain the point clouds of the structural
block ends. The structural elements between which the connecting element is to
be installed are visible from the structural block ends. Thus, the point clouds com-
prise data of the structural elements. Such data can comprise, for example, ends
of the structural elements, to which ends the connecting element is connected.
The structural block ends are typically scanned one end at a time, but it is also
possible to use so many laser scanners that the structural block ends can be
scanned at the same time.

Each point cloud represents the structural block end as a set of data points in a
three-dimensional coordinate system. These data points are defined by X, Y and Z
coordinates. The point clouds are created by using one or more laser scanners,
which measure a large number of points on the surface of the structural block end.
When only one laser scanner is used, the scanning of a structural block end must
typically be performed in several phases. In each phase, the laser scanner is
placed in a different position so that all parts of the structural block end can be
scanned. The scanning results are then combined to obtain the point cloud of the
structural block end. When the structural block end is scanned using a plurality of
laser scanners, the number of the laser scanners is preferably chosen in such a
manner that the structural block end can be scanned in one phase. The laser
scanners are placed at suitable distances from each other so that the whole area
of the structural block end can be scanned.

In the method according to the invention, the point clouds are compared to 3D
digital models of the structural blocks to obtain the manufacturing dimensions for
the connecting element. The manufacturing dimensions include the data that is
needed to manufacture a correct sized connecting element between the first struc-
tural element in the first structural block and the second structural element in the
second structural block. The manufacturing dimensions may include, for example,
the length, width and height of the connecting element, or the coordinates of the
ends of the connecting element, which ends are to be connected to the structural
elements.
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The 3D digital model of the structural block is a CAD model that is used in building
the structural block. The point clouds of the ends of the first and the second struc-
tural block are aligned to the corresponding 3D digital models, and compared to
check for differences. These differences are used to extract the manufacturing
dimensions for the connecting element. The differences can be displayed on a
display as color maps that give a visual indicator of the deviation between the
manufactured structural block and its digital model.

While the point clouds can be directly rendered and inspected, usually the point
clouds themselves are generally not directly usable in 3D applications, and there-
fore are usually converted to polygon mesh or triangle mesh models, NURBS sur-
face models, or CAD models through a process commonly referred to as surface
reconstruction. There are many techniques for converting a point cloud to a 3D
surface. Some approaches, like Delaunay triangulation, alpha shapes, and ball
pivoting, build a network of triangles over the existing vertices of the point cloud,
while other approaches convert the point cloud into a volumetric distance field and
reconstruct the implicit surface so defined through a marching cubes algorithm.

According to an embodiment of the invention the step of scanning the first and the
second structural block with at least one laser scanner comprises, for each struc-
tural block, scanning the structural block end with the at least one laser scanner
from different positions and/or directions, collecting scanning data from the at least
one laser scanner, and processing the scanning data to generate the point cloud
of the structural block end. The number of scanning positions depends, for exam-
ple, on the size of the structural block end that is scanned as well as the properties
of the laser scanner(s) that is(are) used. The scanning direction can vary, for ex-
ample, based on whether a centre area or an edge area of the structural block end
is scanned.

According to an embodiment of the invention the distance between the adjacent
scanning positions is less than 10 meters. The distance between the adjacent
scanning positions is preferably less than 8 meters, and more preferably less than
6 meters. An advantage of a smaller distance between the adjacent scanning posi-
tions is a better scanning accuracy. However, because a smaller distance between
the adjacent scanning positions typically increases the number of scanning pro-
cesses and therefore the total scanning time, the distance between the adjacent
scanning positions is preferably not less than 2 meters.
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According to an embodiment of the invention the step of comparing the point
clouds to 3D digital models of the first and the second structural block comprises
calculating the positions of the structural elements in the point clouds with respect
to the structural elements in the 3D digital models, and calculating the manufactur-
ing dimensions for the connecting element using said positions and the data in the
3D digital models. By calculating the positions of the structural elements in the
point clouds with respect to the structural elements in the 3D digital models the
deviations of the structural elements from their designs are obtained. By utilising
this information and the data in the 3D digital models, the manufacturing dimen-
sions for the connecting element can be calculated. Preferably, the positions of the
ends of the structural elements in the point clouds with respect to the ends of the
structural elements in the 3D digital models are calculated. By ends of the struc-
tural elements are meant the ends between which the connecting element is to be
connected. Preferably, a first end of the connecting element is to be connected to
the end of the first structural element and a second end of the connecting element
is to be connected to the end of the second structural element.

According to an embodiment of the invention the method comprises aligning each
point cloud on the corresponding 3D digital model using as a point of reference a
structure other than the structural element. Preferably, the structure that is used as
a point of reference in the alignment is a structure close to the structural element.
Such a structure can be, for example, a floor or a wall in the structural block.

According to an embodiment of the invention the method comprises producing an
isometric drawing of the connecting element. An isometric drawing is a form of a
three-dimensional projection in which all of the principal planes are drawn parallel
to corresponding established axes and at true dimensions. An isometric drawing
enables to visualize and understand what the connecting element will look like and
thus makes the manufacturing of the connecting element easier.

According to an embodiment of the invention the connecting element and the
structural elements are one of the following: a pipe, a duct, a cable tray or a frame
for an interior design. Typically, the connecting element and the structural ele-
ments are of the same type. For example, the connecting element can be a pipe
that is connected between the ends of the pipes in the structural blocks. Prefera-
bly, the connecting element and the structural elements are made mostly of a
metal, such as steel.
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According to an embodiment of the invention the structural blocks are one of the
following: a ship block or an offshore structure block. Preferably, the structural
blocks are made mostly of a metal, such as steel.

The present invention also relates to a system for determining the manufacturing
dimensions for a connecting element that is to be connected between a first struc-
tural element in a first structural block and a second structural element in a second
structural block that is connected to the first structural block. A typical system ac-
cording to the invention comprises:

- at least one laser scanner for scanning the first and the second structural
block to obtain scanning data of the structural block ends that are to be
connected together, and

- a data processing means for generating, using the scanning data, point
clouds of the structural block ends and comparing the point clouds to 3D
digital models of the first and the second structural block to obtain the man-
ufacturing dimensions for the connecting element.

The data processing means is preferably a computer that comprises memory and
at least one processor and computer program code in the memory. The computer
program code is configured to, when executed on the at least one processor,
cause the system to generate, using the received scanning data, point clouds of
the structural block ends and to compare the point clouds to 3D digital models of
the structural blocks to obtain the manufacturing dimensions for the connecting
pipe. The computer may be connected to a display and at least one input device.
Using the display and the input device(s), a user can selectively manage and view
the data that is managed by the computer. The input device may be a keyboard, a
mouse, a rollerball, a pen and stylus, or a voice recognition system. The input de-
vice may also be a touch screen associated with the display.

According to an embodiment of the invention the laser scanner is a phase-shift
laser scanner. The laser scanner can be, for example, a class 3R laser scanner.

According to an embodiment of the invention the laser scanner is a grayscale laser
scanner.

The present invention can be applied in many technical fields, such as in ship and
offshore structure building, where various connecting elements, such as pipes and
ducts, are installed inside ship and offshore structure blocks after they have been
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connected together. The present invention can also be applied in construction in-
dustry to build high-rise buildings having a steel construction.

An advantage of the invention is that it reduces the construction time of a structure
that is constructed from prefabricated building blocks. With the invention the
manufacturing dimensions of a connecting element that is to be installed between
two structural elements in two interconnected structural blocks are determined be-
fore the structural blocks are connected together, whereby the connecting element
can be manufactured in advance so that it will be ready to be installed right after
the structural blocks have been connected together.

Another advantage of the invention is that it enables to safely and quickly deter-
mine the manufacturing dimensions for a connecting element that is to be installed
between two structural elements in two interconnected structural blocks.

Still another advantage of the invention is that it enables to accurately determine
the manufacturing dimensions for a connecting element that is to be installed be-
tween two structural elements in two interconnected structural blocks.

The exemplary embodiments of the invention presented in this text are not inter-
preted to pose limitations to the applicability of the appended claims. The verb “to
comprise” is used in this text as an open limitation that does not exclude the exist-
ence of also unrecited features. The features recited in the dependent claims are
mutually freely combinable unless otherwise explicitly stated.

The exemplary embodiments presented in this text and their advantages relate by
applicable parts to the method as well as the system according to the invention,
even though this is not always separately mentioned.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a flow diagram of a method according to an embodiment of
the invention for determining the manufacturing dimensions for a con-
necting element,

fig. 2 illustrates the use of a system according to an embodiment of the in-
vention for determining the manufacturing dimensions for a connecting
pipe, and

fig. 3 illustrates an example of a connecting pipe that is installed inside two

interconnected ship blocks.
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DETAILED DESCRIPTION OF THE DRAWINGS

The same reference signs are used of the same or like components in different
embodiments.

Fig. 1 illustrates a flow diagram of a method according to an embodiment of the
invention for determining the manufacturing dimensions for a connecting element
that is to be connected between a first structural element in a first structural block
and a second structural element in a second structural block.

At step 110, the first and the second structural block are scanned with at least one
laser scanner to obtain point clouds of the structural block ends that are to be con-
nected together. The structural elements between which the connecting element is
to be installed are visible from the structural block ends. The step 110 contains
sub-steps 111, 112 and 113, which are carried out before the structural blocks are
connected together.

At sub-step 111, the structural block ends are scanned with the at least one laser
scanner from different positions and/or directions. The number of scanning posi-
tions depends on the size of the structural block end that is scanned as well as the
properties of the laser scanner(s) that is(are) used. The scanning direction can
vary based on whether a centre area or an edge area of the structural block end is
scanned.

At sub-step 112, scanning data is collected from the at least one laser scanner.
The scanning data is processed to generate the point clouds of the structural block
ends at sub-step 113. Each point cloud represents the structural block end as a
set of data points in a three-dimensional coordinate system. The point clouds
comprise data of the structural elements, for example, data of the ends of the
structural elements, to which ends the connecting element is to be connected.

At step 120, the point clouds are compared to 3D digital models of the first and the
second structural block to obtain the manufacturing dimensions for the connecting
element. The 3D digital model of the structural block is a CAD model that is used
in building the structural block. The manufacturing dimensions include the neces-
sary data that is needed to manufacture a correct sized connecting element be-
tween the structural elements. The step 120 contains sub-steps 121, 122 and 123.

At sub-step 121, the point clouds are aligned on the corresponding 3D digital
model using as a point of reference a structure other than the structural element.
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The structure that is used as a point of reference in the alignment is a structure
close to the structural element.

At sub-step 122, the positions of the structural elements in the point clouds with
respect to the structural elements in the 3D digital models are calculated, and at
sub-step 123, the manufacturing dimensions for the connecting element are calcu-
lated using said positions and the data in the 3D digital models. By calculating the
positions of the structural elements in the point clouds with respect to the structural
elements in the 3D digital models the deviations of the structural elements from
their designs are obtained. By utilising this information and the data in the 3D digi-
tal models, the manufacturing dimensions for the connecting element can be cal-
culated.

At step 130, an isometric drawing of the connecting element is produced. The
isometric drawing is a form of a three-dimensional projection in which all of the
principal planes are drawn parallel to corresponding established axes and at true
dimensions.

Fig. 2 illustrates the use of a system according to an embodiment of the invention
for determining the manufacturing dimensions for a connecting pipe that is to be
connected between a first pipe 201 in a first ship block 202 and a second pipe 203
in a second ship block 204.

The system comprises a laser scanner 205 for scanning the ends 206 and 207 of
the ship blocks 202 and 204 that are to be connected together. The ship blocks
202 and 204 are scanned one block at a time in several phases. In each phase,
the laser scanner 205 is placed in a different position with respect to the ship block
202 or 204 so that all parts of the ship block end 206 or 207 can be scanned. Ends
208 and 209 of the pipes 201 and 203 between which the connecting pipe is to be
installed are visible from the ship block ends 206 and 207.

The scanning data is transferred to a computer 210 that comprises memory and at
least one processor and computer program code in the memory. The computer
program code is configured to, when executed on the at least one processor,
cause the system to generate, using the received scanning data, point clouds of
the ship block ends 206 and 207, and to compare the point clouds to 3D digital
models of the ship blocks 202 and 204 to obtain the manufacturing dimensions for
the connecting pipe. In comparing the point clouds to 3D digital models of the ship
blocks 202 and 204, each point cloud is aligned on the corresponding 3D digital
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model using as a point of reference a wall 211 or 212 close to the end 208 or 209
of the pipe 201 or 203, the positions of the pipe ends 208 and 209 in the point
clouds with respect to the pipe ends 208 and 209 in the 3D digital models are cal-
culated, and the manufacturing dimensions for the connecting pipe are calculated
using said positions and the data in the 3D digital models. The computer program
code is also configured to, when executed on the at least one processor, cause
the system to produce an isometric drawing of the connecting pipe. The isometric
drawing enables to visualize and understand what the connecting pipe will look
like and thus makes the manufacturing of the connecting pipe easier.

The computer 210 is connected to a display 213 and to two input devices: a key-
board 214 and a mouse 215. Using the display 213 and the input devices 214 and
215, a user can selectively manage and view the data that is managed and pro-
cessed in the computer 210.

Fig. 3 illustrates a cross section of two interconnected ship blocks 202 and 204,
inside which an exemplary connecting pipe 301 is installed. One end 302 of the
connecting pipe 301 is connected to the end 208 of the first pipe 201 in the first
ship block 202 and the other end 303 of the connecting pipe 301 is connected to
the end 209 of the second pipe 203 in the second ship block 204. The manufactur-
ing dimensions for the connecting pipe 301 are determined with a system accord-
ing to the invention before the ship blocks 202 and 204 are connected together.

Only advantageous exemplary embodiments of the invention are described in the
figures. It is clear to a person skilled in the art that the invention is not restricted
only to the examples presented above, but the invention may vary within the limits
of the claims presented hereafter. Some possible embodiments of the invention
are described in the dependent claims, and they are not to be considered to re-
strict the scope of protection of the invention as such.
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Claims

1. A method for determining the manufacturing dimensions for a connecting ele-
ment (301) that is to be connected between a first structural element (201) in a first
structural block (202) and a second structural element (203) in a second structural
block (204) that is connected to the first structural block (202), characterised in
that the method comprises:

- scanning the first and the second structural block (202, 204) with at least
one laser scanner (205) to obtain point clouds of the structural block ends
(206, 207) that are to be connected together, and

- comparing the point clouds to 3D digital models of the first and the second
structural block (202, 204) to obtain the manufacturing dimensions for the
connecting element (301).

2. The method according to claim 1, characterised in that the step of scanning the
first and the second structural block (202, 204) with at least one laser scanner
(205) comprises for each structural block (202, 204):

- scanning the structural block end (206, 207) with the at least one laser
scanner (205) from different positions and/or directions,

- collecting scanning data from the at least one laser scanner (205), and

- processing the scanning data to generate the point cloud of the structural
block end (206, 207).

3. The method according to claim 2, characterised in that the distance between
the adjacent scanning positions is less than 10 meters.

4. The method according to any of the preceding claims, characterised in that the
step of comparing the point clouds to 3D digital models of the first and the second
structural block (202, 204) comprises:

- calculating the positions of the structural elements (201, 203) in the point
clouds with respect to the structural elements in the 3D digital models, and

- calculating the manufacturing dimensions for the connecting element (301)
using said positions and the data in the 3D digital models.
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5. The method according to any of the preceding claims, characterised in that the
method comprises aligning each point cloud on the corresponding 3D digital model
using as a point of reference a structure (211, 212) other than the structural ele-
ment.

6. The method according to any of the preceding claims, characterised in that the
method comprises producing an isometric drawing of the connecting element
(301).

7. The method according to any of the preceding claims, characterised in that the
connecting element (301) and the structural elements (201, 203) are one of the
following: a pipe, a duct, a cable tray or a frame for an interior design.

8. The method according to any of the preceding claims, characterised in that the
structural blocks (202, 204) are one of the following: a ship block or an offshore
structure block.

9. A system for determining the manufacturing dimensions for a connecting ele-
ment (301) that is to be connected between a first structural element (201) in a first
structural block (202) and a second structural element (203) in a second structural
block (204) that is connected to the first structural block (202), characterised in
that the system comprises:

- at least one laser scanner (205) for scanning the first and the second struc-
tural block (202, 204) to obtain scanning data of the structural block ends
(206, 207) that are to be connected together, and

- a data processing means (210) for generating, using the scanning data,
point clouds of the structural block ends (206, 207) and comparing the point
clouds to 3D digital models of the first and the second structural block (202,
204) to obtain the manufacturing dimensions for the connecting element
(301).

10. The system according to claim 9, characterised in that the laser scanner
(205) is a phase-shift laser scanner.

11. The system according to claim 9 or 10, characterised in that the laser scanner
(205) is a grayscale laser scanner.



