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DISASSEMBLE A SCAFFOLDING STRUCTURE

(57) Computer-implemented method for providing
control data for controlling at least one robot component
configured to assemble and/or disassemble a scaffolding
structure and/or a part of a scaffolding structure, compris-
ing the following steps: providing (10) scaffolding data
comprising at least structural information indicating
where a scaffolding component of the scaffolding struc-
ture is positioned in the scaffolding structure; providing
(20) sensor data at least comprising: component state
data of a scaffolding component to be mounted for as-
sembling or to be dismounted for disassembling the
scaffolding structure, and robot state data of the at least
one robot component; providing (30) at least one control
model configured to provide control data for the at least
one robot component based on the scaffolding data and
the sensor data; providing (40) control data for the at least
one robot component utilizing the control model, wherein
at least the scaffolding data and sensor data are used as
input data for the control model.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a computer-
implemented method for providing control data for con-
trolling at least one robot component configured to as-
semble and/or disassemble a scaffolding structure an-
d/or a part of a scaffolding structure, a system for provid-
ing control data for controlling at least one robot compo-
nent configured to assemble and/or disassemble a scaf-
folding structure and/or a part of a scaffolding structure, a
corresponding computer program element and a use of
at least one robot component, scaffolding data, sensor
data, state data of a scaffolding component and/or control
model in such computer-implemented method or system.

TECHNICAL BACKGROUND

[0002] The present disclosure generally relates to the
field of assembling or disassembling a scaffolding struc-
ture or a part of such a scaffolding structure. Scaffolds/s-
caffold structures are building structures of variable
length, width and height that are usually used for a limited
period of time. They are assembled from different scaf-
fold components, wherein to increase the height and/or
width of a scaffold structure, vertical scaffold components
and/or horizontal scaffold components and/or spatial
scaffold components are connected to each other. The
connection is made, among other things, via connection
elements, so-called scaffold nodes (e.g. provided by
rosette elements), through which they are connected
to each other.

[0003] In this context, it has become apparent that
there is a further need to simplify the assembly and
disassembly of scaffolds. In particular, it has become
apparent that there is a further need to make the assem-
bly and disassembly of scaffolds less labor-intensive.
[0004] Itistherefore an object of the presentdisclosure
to simplify the assembly and disassembly of scaffolds. In
particular, itis the object of the present disclosure to make
the assembly and disassembly of scaffolds less labor-
intensive.

[0005] These and other objects, which become appar-
ent upon reading the following description, are solved by
the subject matters of the independent claims. The de-
pendent claims refer to preferred embodiments of the
present disclosure.

SUMMARY

[0006] In one aspect of the present disclosure, a com-
puter-implemented method for providing control data for
controlling at least one robot component configured to
assemble and/or disassemble a scaffolding structure
and/or a part of a scaffolding structure is disclosed,
wherein the computer-implemented method comprising
the following steps:
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providing scaffolding data comprising at least struc-
tural information indicating where a scaffolding com-
ponent of the scaffolding structure is or should be
positioned in the scaffolding structure;

providing sensor data at least comprising: scaffold-
ing component state data of a scaffolding component
to be mounted for assembling or to be dismounted for
disassembling the scaffolding structure, and robot
state data of the at least one robot component;
providing at least one control model configured to
provide control data for the at least one robot com-
ponent based on the scaffolding data and the sensor
data;

providing control data for the at least one robot
component utilizing the control model, wherein at
least the scaffolding data and sensor data are used
as input data for the control model.

[0007] A further aspect of the present disclosure re-
lates to a system for providing control data for controlling
at least one robot component configured to assemble
and/or disassemble a scaffolding structure and/or a part
of a scaffolding structure, comprising:

a processing circuitry;

a storage medium; and

a data interface;

wherein the storage medium comprises a computer
program that comprises instructions which when the
program is executed, cause the processing circuitry
to carry out the computer-implemented method for
providing control data as disclosed herein;

wherein the data interface is configured to receive
input data for the control model including the scaf-
folding data and the sensor data.

[0008] A further aspect of the present disclosure re-
lates to a system for providing control data for controlling
at least one robot component configured to assemble
and/or disassemble a scaffolding structure and/or a part
of a scaffolding structure, comprising:

afirst providing unit configured to provide scaffolding
data comprising at least structural information indi-
cating where a scaffolding component of the scaf-
folding structure is or should be positioned in the
scaffolding structure;

a second providing unit configured to provide sensor
data at least comprising: scaffolding component
state data of a scaffolding component to be mounted
for assembling or to be dismounted for disassem-
bling the scaffolding structure, and robot state data of
the at least one robot component;

a third providing unit configured to provide at least
one control model configured to provide control data
for the at least one robot component based on the
scaffolding data and the sensor data;

a fourth providing unit configured to provide control
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data for the atleast one robot component utilizing the
control model, wherein at least the scaffolding data
and sensor data are used as input data for the control
model.

[0009] A further aspect of the present disclosure re-
lates to an apparatus for providing control data for con-
trolling at least one robot component configured to as-
semble and/or disassemble a scaffolding structure an-
d/or a part of a scaffolding structure, the apparatus com-
prising: one or more computing nodes; and one or more
computer-readable media having thereon computer-ex-
ecutable instructions that are structured such that, when
executed by the one or more computing nodes, cause the
apparatus to perform the following steps:

providing scaffolding data comprising at least struc-
tural information indicating where a scaffolding com-
ponent of the scaffolding structure is positioned in the
scaffolding structure;

providing sensor data at least comprising: compo-
nent state data of a scaffolding component to be
mounted for assembling or to be dismounted for
disassembling the scaffolding structure, and robot
state data of the at least one robot component;
providing at least one control model configured to
provide control data for the at least one robot com-
ponent based on the scaffolding data and the sensor
data;

providing control data for the at least one robot
component utilizing the control model, wherein at
least the scaffolding data and sensor data are used
as input data for the control model.

[0010] A further aspect of the present disclosure re-
lates to a robot component configured to build up a
scaffolding structure and/or a part of a scaffolding struc-
ture, wherein the control data for the robot component is
at least partially provided according to the computer-
implemented method for providing control data as dis-
closed herein.

[0011] A further aspect of the present disclosure re-
lates to a computer program element with instructions,
which, when executed on computing devices of a com-
puting environment, is configured to carry out the steps of
the computer-implemented method for providing control
data in a system for providing control data and/or in an
apparatus a computer-implemented method for provid-
ing control data.

[0012] A further aspect of the present disclosure re-
lates to a use of atleast one robot component, scaffolding
data, sensor data, component state data of a scaffolding
component, robot state data of at least one robot com-
ponent and/or a control model (e.g. a control model
comprising at least one trained algorithm), in a compu-
ter-implemented method for providing control data, in a
system for providing control data and/or in an apparatus
for providing control data.
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[0013] A further aspect of the present disclosure re-
lates to a computer-readable storage medium, in parti-
cular non-transient storage medium, comprising instruc-
tions which, when executed by a computer, cause the
computerto carry outthe computer-implemented method
for providing control data as described herein.

[0014] A further aspect of the present disclosure re-
lates to a method for assembling or disassembling a
scaffolding structure and/or a part of a scaffolding struc-
ture, comprising the following steps:

providing scaffolding components required for as-
sembling the scaffolding structure and/or the part of
the scaffolding structure;

providing atleast one robot component configured to
assemble and/or disassemble the scaffolding struc-
ture and/or the part of the scaffolding structure;
assembling or disassembling the scaffolding struc-
ture and/or the part of the scaffolding structure by
controlling the at least one robot component by
control data provided according the computer-imple-
mented method for providing control data as dis-
closed herein.

[0015] This and embodiments described herein relate
to the methods, the systems, the apparatuses, the com-
puter program element, the computer-readable storage
medium, the use lined out above and vice versa. Advan-
tageously, the benefits provided by any of the embodi-
ments and examples equally apply to all other embodi-
ments and examples and vice versa.

[0016] The present disclosure allows a simplified as-
sembly and disassembly of scaffolding structures. In
particular, the present disclosure allows an assembly
or disassembly of scaffolding structures in a less labor-
intensive manner by providing and subsequently using
control data for robot components configured to assem-
ble and/or disassemble a scaffolding structure and/or a
part of a scaffolding structure.

[0017] In other words, by providing control data for at
least one robot component, the present disclosure pro-
vides the basis for a robotic solution for automatic or at
least partially automatic assembly and disassembly of
scaffolding structures. The present disclosure may
further provide the basis for machine-human collabora-
tion during the assembly or disassembly of scaffolding
structures. The present disclosure also provides the
possibility of using a plurality of mobile robot compo-
nents, e.g. mobile robot platforms, which may be
equipped with different components, sensors and/or
tools, for assembling and disassembling scaffolds.
[0018] Theterm"robotcomponent”asusedhereinis
to be understood broadly in the present case. In parti-
cular, the term robot component includes any mobile
and/or stationary robot components suitable for assisting
in the assembly or disassembly of a scaffolding struc-
ture/scaffold component. In particular, this term encom-
passes robot components that are suitable for holding
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scaffold components, grasping scaffold components, in-
serting/mounting scaffold components into the scaffold-
ing structure, removing scaffold components from the
scaffolding structure, and/or transporting scaffolding
components. The present disclosure also includes em-
bodiments in which a robot component may only perform
transportation tasks and, for example, transports scaf-
folding components to their respective assembly location
in the scaffolding structure where they are assembled,
e.g. by a human operator. There is also the possibility of
providing function-specific robot components that per-
form specific functions during assembly and disassembly
of a scaffolding structure. For example, robot compo-
nents may be provided specialized for the transport and
storage of scaffolding components. Also, the robot com-
ponent may be provided with different exchangeable
means, which allows flexible use of a robot component.
For example, a robot component may be designed as a
mobile robot platform comprising or connected to one or
more process heads with one or more movable arms. A
process head may be provided, for example, as an arm-
like unit equipped with an optionally exchangeable tool,
such as a gripper. There is the possibility to provide a dual
arm robot carrying out assembly/disassembly actions in
a human-like manner, e.g. both arms are sharing the
load, and one arm guides one end of a scaffolding com-
ponent for the actual assembly action, while the otherarm
follows with compensating and supportive motions on the
other end of the scaffolding component. In an example,
the robot component may comprise one or more ex-
changeable process heads, wherein every process head
may comprise a specific set of sensors or provide a
specific functionality.

[0019] A mobility of such a robot component may be
provided, for example, by using a wheel-based move-
ment unit, wherein the present disclosure is not limited
thereto. The robot component may move on a deck
component of the scaffolding structure and/or be de-
signed to move on certain scaffold components, such
as horizontal elements/components of the scaffolding
structure. In addition, it is possible for the robot compo-
nent to move on or in guide rails. Furthermore, it is
possible to provide guide means, for example a magnetic
strip, for the robot component on and/or on certain scaf-
fold components.

[0020] The mobility of such a robot component may be
limited only to one level of a scaffolding structure. In an
example, the robot component may use a lift/transport
component to reach another level of the scaffolding
structure. In an example, the mobile robot platform itself
may comprise a scissor lift unit allowing the mobile robot
platform to reach another level of the scaffolding struc-
ture.

[0021] In addition to the process heads/robot compo-
nents required for assembling the scaffolding structure,
there is also the possibility that process heads are pro-
vided that are intended for certain other tasks, beyond
assembly/disassembly of scaffolding structures. In one
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example, the control data may include instructions also
for such tasks. In other words, robot components or
process heads can be provided that perform construction
operations on a scaffolding structure. Such construction
operations can be, for example: drilling, renovation work,
application of insulation layers, transportation of tools
and materials, installation or removal of construction
elements, sensing of construction objects and environ-
ment conditions, execution of robot-supported construc-
tion processes, i.e. to modify the construction object or
environment, or construction elements, etc.

[0022] The term "scaffolding structure"™ as used
herein is to be understood broadly in the present case
and refers to any scaffold or parts thereof that can be
provided by means of individual scaffolding components
that are to be connected in order to build the scaffold
structure or parts thereof. This term encompasses any
working platforms, facade scaffolds, load-bearing scaf-
folds for assembly work or formwork work, but is not
limited thereto. In this context, it is further noted that
the present disclosure not only refers to the "entire"
assembly or disassembly of a scaffolding structure, but
also includes the "partial" assembly or disassembly of a
scaffolding structure. In addition, this term also encom-
passes simultaneous assembly and disassembly of dif-
ferent areas of the scaffold structure. For example, the
present disclosure also encompasses embodiments in
which only one or more specific components are as-
sembled or disassembled by the robot component. In
an example, the scaffolding structure may comprise the
following components as scaffold components:

* vertical standard components comprising at least
one connection node, preferably in form of a rosette
element, wherein the connection node is configured
for having further components of the scaffolding
structure mounted thereon;

* a horizontal ledger component comprising at least
one first connection means configured to be
mounted to the at least one connection node of
the vertical standard component;

* adiagonal brace component comprising at least one
second connection means configured to be mounted
to the at least one connection node of the vertical
standard component;

e a deck component comprising at least one third
connection means configured to be mounted to
the at least one connection node and/or the horizon-
tal ledger component, wherein the deck component
preferably further comprises at least one locking
means configured to lock the deck component in a
mounting position;

* aliftand/or transport component/system configured
to house at least one robot component and transport
the robot component between levels of the scaffold-
ing structure; and/or

¢ aliftand/or transport component/system configured
to transport scaffolding components between levels
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of the scaffolding structure.

[0023] The term "scaffolding data" as used herein is
to be understood broadly in the present case, wherein the
scaffolding data at least comprise structural information
indicating where a scaffolding component of the scaffold-
ing structure is or should be positioned in the scaffolding
structure. In other words, the scaffolding data includes
the mounting positions of the respective scaffolding com-
ponents in the scaffolding structure. The scaffolding data
may refer to all scaffolding components, to some scaf-
folding components or to specific scaffolding compo-
nents of the scaffolding structure. For example, the scaf-
folding data may refer to vertical standard components,
horizontal ledger components, diagonal brace compo-
nents, deck components and/or lift/transport compo-
nents. However, the scaffolding data is not limited there-
to.

[0024] The scaffolding data may represent the current
state of the scaffolding structure and/or the scaffolding
components, the scaffolding data may comprise or may
be provided as Digital Twin (DT) of the scaffold structure
and/or the scaffold components. The scaffolding data
may comprise further information with respect to the
scaffolding components. For example, the scaffolding
data may further comprise at least one of the following
entries:

¢ geometry data of at least one of the scaffolding
components;

¢ weight data of at least one of the scaffolding compo-
nents;

e weightdistribution data of atleast one of the scaffold-
ing components;

* centerof gravity data of atleast one of the scaffolding
components; and/or

e position and/or orientation data of at least one of the
scaffolding components based on a relative coordi-
nate system, wherein the position and/or orientation
data relates to a position and/or an orientation of at
least one of the scaffolding components in the scaf-
folding structure.

[0025] Inaddition, thereis also the possibility to provide
a Digital Twin not only for the scaffolding structure, but
also for the robot components, operator and the environ-
ment, e.g. the building behind the scaffolding structure,
crane, etc. The term Digital Twin is to be understood
broadly here and includes any digital representation of
the object mentioned here from the real world in the digital
world.

[0026] Theterm "sensor data" as used hereinis to be
understood broadly in the present case and comprises
information about the state of a scaffold component as
component state data and about the state of a robot
component as robot state data. The sensor data may
be acquired via a wide variety of sensors. These sensors
may, for example, be arranged on or at a robot compo-
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nent, in the scaffolding structure, on or in a scaffolding
component and/or remote to the scaffolding structure.
The sensors may also be stationary or mobile. For ex-
ample, fixed sensor units (e.g. camera units) may be
provided at different positions in the scaffolding structure,
wherein one or more sensor units may be attached to
mobile drones.

[0027] For example, the following sensors may be
used to acquire/provide the sensor data:

e acamera unit;

e aforce-feedback sensor; and/or

e aweight sensor;

e alidar sensor;

e adistance sensor;

e aradar sensor;

e alaser scanner;

* an inertial measurement unit (IMU) comprising ac-
celerometers, gyroscopes and/or magnetometers;

e atemperature sensor;

e abarometer; and/or

* anencoder.

[0028] The term "component state data" as used
herein is to be understood broadly in the present case
and refers to sensor data with respect to the scaffolding
components. The component state data may include, for
example, the actual position of a scaffold component to
be dismounted or mounted, the actual position of a
lift/transport component, etc. For example, the compo-
nent state data of a scaffolding component may comprise
at least one of the following entries:

e position/location of a scaffolding component;
» orientation of a scaffolding component in three di-

mensions;

» state of connection means of a scaffolding compo-
nent;

e orientation of connecting means of a scaffolding
component;

» state of locking means of a scaffolding component;

* orientation of locking means of a scaffolding compo-
nent;

e state of defects of scaffolding components;

e state of a lift/transport component; and/or

e content of a lift/transport component.

[0029] Itis also possible to assign a unique scaffolding
component identifier to a scaffolding component and
assign the component state data to it. It is also possible
to display or represent the component state data using a
Digital Twin of the scaffolding component.

[0030] In this context, it is to be noted that certain
entries of the scaffolding data may also be included in
the component state data additionally or alternatively. In
particular, the geometry data of a scaffolding component,
the weight data of a scaffolding component, the weight
distribution data of a scaffolding component, the center of



9 EP 4 567 222 A1 10

gravity data of a scaffolding component, etc. may be
included in the component state data. The specific allo-
cation of this additional data is not significant, since both
the component state data, as part of the sensor data, and
the scaffolding data are used as input data for the control
model.

[0031] The term "robot state data" as used herein is
to be understood broadly in the present case and refers to
sensor data with respect to the robot components. The
robot state data may include, at least one of the following
entries:

e position/location of a robot component;

e orientation of a robot component in three dimen-
sions;

¢ tool loading of a robot component;

e battery charge level of a battery of a robot compo-
nent;

* forces acting on a scaffolding component by a robot
component;

e torques acting on a scaffolding component by a robot
component; and/or

* state of grasping means by a robot component.

[0032] The term "control model" as used herein is to
be understood broadly in the present case and encom-
passes known conventional force-feedback methods for
controlling robot components. In an example, the control
model may comprise at least one trained algorithm,
wherein the term "trained algorithm" or "trained con-
trolmodel"” as used hereinis to be understood broadly in
the present case. The algorithm may be a machine
learning algorithm. The algorithm may comprise decision
trees, naive bayes classifications, nearest neighbors,
neural networks, convolutional or recurrent neural net-
works, transformers, generative adversarial networks,
support vector machines, linear regression, logistic re-
gression, random forest, gradient boosting algorithms
and/or a diffusion model. Such an algorithm, in particular
machine learning algorithm, is termed "intelligent" be-
cause it is capable of being "trained." The algorithm may
be trained using records of training data. A record of
training data comprises training input data and corre-
sponding training output data. In the context of the pre-
sentdisclosure, training data may, for example be sensor
data training sets, the sets may comprise reference
sensor data and at least one control data/output for
controlling a robot component. The training output data
of arecord of training data is the result that is expected to
be produced by the algorithm when being given the
training input data of the same record of training data
as input. The deviation between this expected result and
the actual result produced by the algorithm is observed
and rated by means of a "loss function”. This loss function
may be used as feedback for adjusting the parameters of
the internal processing chain of the algorithm. For ex-
ample, the parameters may be adjusted with the optimi-
zation goal of minimizing the values of the loss function
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that result when all training input data are fed into the
algorithm and the outcome is compared with the corre-
sponding training output data. The result of this training is
that given a relatively small number of records of training
data as "ground truth", the algorithm is enabled to per-
form its job well for a number of records of input data that
is higher by many orders of magnitude. Notably, the
control model may comprise several or even a large
number of different control routines/sub-models, for ex-
ample a trained algorithm for controlling the movement of
the robot component in the scaffolding system, a force
feedback control routine for gripping a scaffolding com-
ponent, etc. It is also possible to use mixed control
routines that combine different control approaches.
[0033] Theterm"control data" as used hereinis to be
understood broadly in the present case and comprises
any data structure/information structure that is suitable
for controlling a robot component, for example in digital
form and/or in analog form.

[0034] The term "data" as used herein is to be under-
stood broadly in the present case and represents any
kind of data. Data may be single numbers/numerical
values, a plurality of a numbers/numerical values, a
plurality of a numbers/numerical values being arranged
within a list, 2 dimensional maps or 3 dimensional maps,
but are not limited thereto.

[0035] The term "providing™ as used herein is to be
understood broadly in the present case and represents
any providing, receiving, querying, measuring, calculat-
ing, determining, transmitting of data, but is not limited
thereto. Data may be provided by a user via a user
interface, depicted/shown to a user by a display, and/or
received from other devices, queried from other devices,
measured other devices, calculated by other device,
determined by other devices and/or transmitted by other
devices.

[0036] In an embodiment of the computer-implemen-
ted method, the scaffolding data may comprise entries
relating to at least one of the following scaffolding com-
ponents:

* a vertical standard component comprising at least
one connection node, preferably in form of a rosette
element, wherein the connection node is configured
for having further components of the scaffolding
structure mounted thereon;

* a horizontal ledger component comprising at least
one first connection means configured to be
mounted to the at least one connection node of
the vertical standard component;

* adiagonal brace component comprising at least one
second connection means configured to be mounted
to the at least one connection node of the vertical
standard component;

e a deck component comprising at least one third
connection means configured to be mounted to
the at least one connection node and/or the horizon-
tal ledger component, wherein the deck component
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preferably further comprises at least one locking
means configured to lock the deck component in a
mounting position;

e a lift/transport component configured to house at
least one robot component and transport the robot
component between levels of the scaffolding struc-
ture; and/or

e a lift/transport component configured to transport
scaffolding components between levels of the scaf-
folding structure.

[0037] In an embodiment of the computer-implemen-
ted method, the scaffolding data may further comprise at
least one of the following entries:

e geometry data of at least one of the scaffolding
components;

e weight data of at least one of the scaffolding compo-
nents;

¢ weightdistribution data of atleast one of the scaffold-
ing components;

* centerof gravity data of atleast one of the scaffolding
components; and/or

e position and/or orientation data of at least one of the
scaffolding components based on a relative coordi-
nate system, wherein the position and/or orientation
data relates to a position and/or an orientation of at
least one of the scaffolding components in the scaf-
folding structure.

[0038] In this respect, it is to be noted that the further
entries of the scaffolding data may also be included in the
component state data and vice versa, entries of the
components state data may also be included in the
scaffolding data.

[0039] In an embodiment of the computer-implemen-
ted method, the at least one robot component may com-
prise alower part configured as mobile robot platform and
an upper part comprising at least one process head,
which is preferably an exchangeable process head, con-
figured to mount and/or dismount at least one scaffolding
component. A mobile robot platform may allow for traver-
sing and climbing in a scaffolding structure. In this re-
spect, the mobile robot platform may comprise a wheel-
based movement unit allowing a movement on a level of
the scaffolding structure. The robot component, i.e. the
lower mobile robot platform, may move on a deck com-
ponent of the scaffolding structure and/or be designed to
move on certain scaffold components, such as horizontal
components, e.g. horizontal beams, of the scaffolding
structure. Moreover, for providing a movement between
the levels of the scaffolding structure, the mobile robot
platform may comprise a scissor lift unit.

[0040] In an embodiment of the computer-implemen-
ted method, the at least one robot component may be a
mobile robot platform comprising a wheel-based move-
ment unit and one or two process heads. In an example,
the robot component is a dual arm robot for carrying out
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assembly actions in a human-like manner, e.g. both
hands are sharing the load, and one hand guides one
end of a scaffolding component for the actual assembly
action, while the other hand follows with compensating
and supportive motions on the other end of the scaffold-
ing component.

[0041] In an embodiment of the computer-implemen-
ted method, the at least one robot component may be a
mobile robot platform comprising storage means config-
ured to store at least one scaffolding component.
[0042] In an embodiment of the computer-implemen-
ted method, the computer-implemented method may
further comprise:

providing control data for at least two robot components,
wherein the robot components are configured to perform
different tasks when assembling or disassembling the
scaffolding structure and/or the part of a scaffolding
structure.

[0043] In an embodiment of the computer-implemen-
ted method, at least one of the tasks is a transport task of
at least one scaffolding component, wherein the trans-
port task preferably relates to a transport from a storage
location of the scaffolding component to an assembly
location of the scaffolding component or from a disas-
sembly location to a storage location.

[0044] In an embodiment of the computer-implemen-
ted method, the sensor data may be provided by at least
one of the following sensors:

e acamera unit;

* aforce-feedback sensor; and/or

* aweight sensor;

e alidar sensor;

* adistance sensor;

e aradar sensor;

e alaser scanner;

e an inertial measurement unit (IMU) comprising ac-
celerometers, gyroscopes and/or magnetometers;

e atemperature sensor;

e abarometer; and/or

* anencoder.

[0045] In an embodiment of the computer-implemen-
ted method, the sensor data may further comprise en-
vironmental data. For example, actual and/or future
weather data may be taken into account here to deter-
mine whether or not certain tasks may be carried out due
to weather conditions. For example, limit values for wind
speeds, precipitation amounts, outside temperatures,
etc. may be taken into account here.

[0046] In an embodiment of the computer-implemen-
ted method, the component state data of a scaffolding
component may comprise at least one of the following
entries:

e position/location of a scaffolding component;
» orientation of a scaffolding component in three di-
mensions;
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e state of connection means of a scaffolding compo-
nent;

e orientation of connecting means of a scaffolding
component;

* state of locking means of a scaffolding component;

e orientation of locking means of a scaffolding compo-
nent;

* state of defects of scaffolding components;

* state of a lift/transport component; and/or

* content of a lift/transport component.

[0047] In an embodiment of the computer-implemen-
ted method, the robot state data of the robot component
may include, at least one of the following entries:

¢ position/location of a robot component;

e orientation of a robot component in three dimen-
sions;

e tool loading of a robot component;

e battery charge level of a battery of a robot compo-
nent;

e forces acting on a scaffolding component by a robot
component;

e torquesacting on a scaffolding component by arobot
component; and/or

* state of grasping means by a robot component.

[0048] In an embodiment of the computer-implemen-
ted method, the control model may comprise at least one
trained algorithm, wherein the training data for the control
model comprises labeled sensor data.

[0049] In an embodiment of the computer-implemen-
ted method, the control model may comprise model
components that are individually trained to a mounting
operation and/or dismounting operation of a specific
scaffolding component.

[0050] In an embodiment of the computer-implemen-
ted method, the trained control model may comprise
predetermined movement patterns for specific scaffold-
ing components, wherein the trained control model may
be further configured to adapt these predetermined
movement patterns based on the provided sensor data.
[0051] In an embodiment of the computer-implemen-
ted method, the control data for at least one robot com-
ponent may be configured for human-machine collabora-
tion comprising predetermined movement patterns,
wherein the trained control model may be further config-
ured to adapt these predetermined movement patterns
based on the provided sensor data.

[0052] In an embodiment of the computer-implemen-
ted method, the trained control model may be further
adapted to provide a confirmation request when a pre-
determined task has been completed, and wherein after
providing a confirmation request, the robot component is
set on hold until a confirmation response has been pro-
vided, preferably by means of a human input interface.
However, the confirmation response may also be pro-
vided by a confirmation model using sensor data as input
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data for issuing a confirmation response.

[0053] In an embodiment of the computer-implemen-
ted method, the trained control model may be further
adapted to provide an assisting request when a prede-
termined task is to be performed requiring a predefined
human interaction, and wherein after providing an assist-
ing request, the robot component is set on hold until the
predefined human interaction has been performed.
[0054] In an embodiment of the computer-implemen-
ted method, the trained control model may be further
adapted to provide an error stop of the at least one robot
component when the sensor data indicates that at least
one of the entries of the state data and/or the sensor data
is outside or within a predefined value range.

[0055] In the following particularly preferred embodi-
ments are disclosed, which may be combined with the
above-disclosed methods, systems, apparatuses, de-
vices and/or use cases. The embodiments described
herein may be combined unless specifically noted other-
wise. Features and advantages described with respect to
one aspect of the disclosure may be applied to other
aspects of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] Inthe following, the presentdisclosure is further
described with reference to the enclosed figures:
Figure 1 illustrates a flow diagram of a computer-
implemented method for providing control
data for controlling at least one robot com-
ponent configured to assemble and/or dis-
assemble a scaffolding structure and/or a
part of a scaffolding structure according to
an embodiment of the present disclosure;
Figure 2 illustrates a system for providing control
data for controlling at least one robot com-
ponent configured to assemble and/or dis-
assemble a scaffolding structure and/or a
part of a scaffolding structure according to
an embodiment of the present disclosure;
and

Figures 3 illustrate an example of a mobile robot
platform and its potential movement op-
tions in a scaffolding structure;

Figure 4 illustrates a scaffolding structure, which is
assembled using at least one of the mobile
robot platforms shown in Figures 3;
Figures 5 llustrate two vertical standard compo-
nents of a scaffolding structure; and
Figures 6 illustrate a horizontal ledger component
configured to be mounted to the vertical
standard components shown in Figure 5.
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DETAILED DESCRIPTION OF AN EMBODIMENT

[0057] The following embodiments are mere examples
forimplementing the method, the system, the apparatus,
or application device disclosed herein and shall not be
considered limiting.

[0058] Figure 1 illustrates a flow diagram of a compu-
ter-implemented method for providing control data for
controlling at least one robot component configured to
assemble and/or disassemble a scaffolding structure
and/or a part of a scaffolding structure according to an
embodiment of the present disclosure.

[0059] In afirst step 10, scaffolding data are provided,
wherein the scaffolding data at least comprise structural
information indicating where a scaffolding component of
the scaffolding structure is or should be positioned in the
scaffolding structure. The scaffolding structure may be a
working platform, a facade scaffold, a load-bearing scaf-
folds, etc. (cf. Figure 4). The scaffolding data may refer to
all scaffolding components, to some scaffolding compo-
nents or to specific scaffolding components of the scaf-
folding structure. For example, the scaffolding data may
refer to vertical standard components (cf. Figures 5),
horizontal ledger components (cf. Figures 6), diagonal
brace components, deck components and/or lift/tran-
sport components. The scaffolding data may comprise
or may be provided as Digital Twin (DT) of the scaffold
structure and/or the scaffold components. Inan example,
the Digital Twin not only refers to the scaffolding struc-
ture, but encompasses also the robot components, the
human operator(s) and the environment around the scaf-
folding structure, e.g. the building behind the scaffolding
structure, crane, etc.

[0060] In a second step 20, sensor data are provided,
wherein the sensor data at least comprise component
state data of a scaffolding component to be mounted for
assembling or to be dismounted for disassembling the
scaffolding structure, and robot state data of the at least
one robot component. The sensor data may be acquired
via a wide variety of sensors. These sensors may, for
example, be arranged on or at a robot component, in the
scaffolding structure, on or in a scaffolding component
and/or remote to the scaffolding structure. The sensor
data may be acquired and processed in real-time.
[0061] The component state data refers to and/or is
update according to sensor data with respect to a scaf-
folding component. The component state data may in-
clude, for example, the actual position of a scaffold
component to be dismounted or mounted, the actual
position of a lift/transport component, etc. For example,
the component state data of a scaffolding component
may comprise at least one of the following entries:

e position/location of a scaffolding component;

e orientation of a scaffolding component in three di-
mensions;

* state of connection means of a scaffolding compo-
nent;
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* orientation of connecting means of a scaffolding
component;

» state of locking means of a scaffolding component;

» orientation of locking means of a scaffolding compo-
nent;

» state of defects of scaffolding components;

» state of a lift/transport component; and/or

e content of a lift/transport component.

[0062] The robot state data refers to sensor data with
respect to the robot components. The robot state data
may include, at least one of the following entries:

e position/location of a robot component;

e orientation of a robot component in three dimen-
sions;

* tool loading of a robot component;

e battery charge level of a battery of a robot compo-
nent;

» forces acting on a scaffolding component by a robot
component;

e torques acting on a scaffolding component by a robot
component; and/or

e state of grasping means by a robot component.

[0063] In a third step 30, at least one control model
configured to provide control data for the at least one
robot component based on the scaffolding data and the
sensordatais provided. The control model encompasses
conventional methods for controlling robot components,
e.g. force-feedback methods, but also control models
comprising trained algorithms. For example, for different
tasks, respectively trained algorithms may be used, e.g. a
trained algorithm may be used for the movement of the
robot component, holding specific scaffold components,
grasping scaffold components, inserting/mounting scaf-
fold components into the scaffolding structure, removing
scaffold components from the scaffolding structure, an-
d/or transporting scaffolding components, etc.

[0064] In a fourth step 40, control data for the at least
one robot component utilizing the control model are
provided, wherein at least the scaffolding data and sen-
sor data are used as input data for the control model.
These control data may be used to assign to the robot
component, for example, a transport task, an arrange-
ment of a component, a removal of a component, and the
like.

[0065] Figure 2 illustrates a system 50 for providing
control data for controlling at least one robot component
configured to assemble and/or disassemble a scaffolding
structure and/or a part of a scaffolding structure accord-
ing to an embodiment of the present disclosure. The
system 50 is comprising a processing circuitry 60, a
storage medium 70 and a data interface 70, wherein
the data interface 70 is configured to receive the input
data for the control model including the scaffolding data
and the sensordata. The storage medium 70 comprises a
computer program that comprises instructions which
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when the program is executed, cause the processing
circuitry 60 to carry out the computer-implemented meth-
od for providing control data for controlling at least one
robot component as disclosed herein.

[0066] Figures 3 illustrate an example of a robot com-
ponent 100 and its potential movement options in a
scaffolding structure. The robot component 100 may
comprise a lower and an upper part. The upper part
may act as a universal base for robotic parts, e.g. one
or more robot arms, process heads, sensor units, pay-
load, etc. The upper part may be lifted from the lower part
by means of a scissor lift. The lower part may be provided
as a universal mobile platform for robot components 100.
[0067] In addition, by means of a slewing ring, e.g. a
strong, slow revolute joint, the scissor lift may carry the
upper part which can be rotated, so that robot parts
mounted on the upper part can be reoriented. The upper
part may also be equipped with four clamps to firmly
connect the upper part to scaffolding components, e.g.
ledger components, in the scaffolding structure. The low-
er part may have the shape of a box, e.g. having a width of
approximately 650 mm, a length of approximately 650
mm and a height of approximately 500 mm, hosting the
drives for the scissor lift and the slewing ring as well as
controllers of the robot parts mounted on the upper part.
[0068] At the bottom, the lower part may feature three
parallel axles with wheels specifically shaped for running
on the rectangular profiles of the ledger components. The
drives for the wheels may be located in the lower part,
with a special capability to pull each axle individually up-
and inwards into the lower part.

[0069] In coordination, the actuated features of the
upper and the lower part of the mobile robot platform is
able to provide the motions traversal, climbing and turn-
ing.

[0070] Traversal may be implemented by driving with
six or more wheels on the ledger components. This
motion may be interrupted by the vertical standard com-
ponents and connected crossing ledger components. As
shown Figures 3a, for six wheels, the robot component
100 may get around vertical standard components by
briefly pulling in and then pushing out again one axis one
after another, while keeping contact and moving on the
ledger component with the remaining wheels.

[0071] Climbing of the robot component 100 may be
implemented as shownin Figures 3b. The upper part may
be lifted to the second next level of the scaffolding struc-
ture, e.g. to the next horizontal elements, where the
clamps may be connected with the ledger components.
Then all axes may be pulled in, so that the lower part may
be hanging from the upper part. Activating the scissor lift
may now allow to raise the lower part over the nextlevel of
the scaffolding structure, where the wheels may be
pushed out to provide contact with the ledger compo-
nents again. Releasing the clamps of the upper part may
yield the initial configuration again, but now one level
higher.

[0072] Turning of the robot component 100 may be
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implemented based on lifting and reorienting the lower
part by actuating the slewing ring when the upper part is
fixed as shown in Figures 3c.

[0073] Figure 4 illustrates a scaffolding structure 200,
which is assembled using robot components 100. As
shown in Figure 4, multiple/different robot components
100 may be used for assembly and disassembly of a
scaffold structure and/or for other construction opera-
tions, like drilling, renovation work, application of insula-
tion layers, transportation of tools and materials, installa-
tion or removal of construction elements, sensing of
construction objects and environment conditions, execu-
tion of robot-supported construction processes, i.e. to
modify the construction object or environment, or con-
struction elements, etc., wherein in Figure 4, as an
example, the right robot component 100 comprises a
process head configured to perform a painting task.
Notably, the present disclosure is not limited to any
particular number and/or types of robot components.
As also shown in Figure 4, there is further the possibility
of a human-machine collaboration. For example, one of
the robot components may be used for transport tasks,
wherein another robot component 100 may handing over
a scaffolding component to a human operator. In the
shown example, the left robot component 100 comprises
an upper part with a dual arm unit equipped with a tool,
here grippers. In such case, it is possibility that the dual
arm robot carrying out assembly/disassembly actions in
a human-like manner, e.g. both arms may share the load,
and one arm guides one end of a scaffolding component
forthe actual assembly action, while the other armfollows
with compensating and supportive motions on the other
end of the scaffolding component.

[0074] Figures 5 show two vertical standard compo-
nents 300 comprising at least one connection node 310,
here in form of a rosette element 310. The connection
node 310 is configured for having further components of
the scaffolding structure mounted thereon. Here, for ex-
ample, the rosette element 310 comprises openings into
which connection means of other scaffolding compo-
nents may be inserted and held.

[0075] As shown in Figure 5a, the vertical standard
components 300, initially being spaced apart, should be
connected to each other by a robot component 100 so
thatthey are arranged on another, as shown in Figure 5b.
In this example, the shown lower vertical standard com-
ponent 300 has already been placed in the intended
position, e.g. onto a further vertical standard component
300 (not shown). The shown upper vertical standard
component 300 may be positioned onto the lower vertical
standard component 300 by the robot component 100
comprising the following steps:

¢ emptying atleastone grasping tool of a process head
of the robot component 100;

*  moving the robot component 100 to a pick-up posi-
tion for the vertical standard component 300, e.g.
moving to a lift/transport component providing scaf-



19 EP 4 567 222 A1 20

folding components to the different levels of the
scaffolding structure;

e picking up a or a specific vertical standard compo-
nent 300 by means of the at least one grasping tool;

* moving the robot component 100 to the installation
position for the vertical standard component 300,
e.g. based on pre-programmed motions/move-
ments, which may be adapted online, e.g. based
on visual sensor data;

* inserting one end of the upper vertical standard
component 300 in the already mounted/placed
counterpart of the lower vertical standard compo-
nent 300;

* releasing the upper vertical standard component
300 by opening the grasping tool(s) of the process
head(s) of the robot component 100;

* confirming/checking a correct positioning of the
upper vertical standard component 300, e.g. by
using visual sensor data.

[0076] Figures 6show the connected vertical standard
components 300 of Figures 5 and a horizontal ledger
component 400. The horizontal ledger component 400
comprises a further connection means 410, which may
be inserted into and hold by the openings of the rosette
element 310. In Figure 6a, the horizontal ledger compo-
nent 400 is being spaced apart from the rosette element
310, in Figure 6b, the connection means 410 has been
inserted into one of the openings of the rosette element
310. In this example, the vertical standard components
300 have already been placed in the shown position. The
horizontal ledger component 400 may be connected to
the rosette element 310 by the robot component 100
comprising the following steps:

e emptying atleastone grasping tool of a process head
of the robot component 100;

* moving the robot component 100 to a pick-up posi-
tion for the horizontal ledger component 400, e.g.
moving to a lift/transport component providing scaf-
folding components to the different levels of the
scaffolding structure;

e picking up a or a specific horizontal ledger compo-
nent 400 by means of the at least one grasping tool;

¢ moving the robot component 100 to the installation
position for the horizontal ledger component 400,
e.g. based on pre-programmed motions/move-
ments, which may be adapted online, e.g. based
on visual sensor data;

e inserting the connection means 410 at a first end of
the horizontal ledger component 400 in the already
mounted/placed rosette element 310 of a first ver-
tical standard component 300, based on pre-pro-
grammed motions, which are adapted online at least
based on visual sensor data;

* inserting the connection means 410 at a second end
(not shown) of the horizontal ledger component 400
in a rosette element 310 of a second vertical stan-
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dard component 300 (not shown), based on pre-
programmed motions, which are adapted online at
least based on visual sensor data;

* releasing the horizontal ledger component 400 by
opening the grasping tool(s) of the process head(s)
of the robot component 100;

» confirming/checking a correct positioning of the hor-
izontal ledger component 400, e.g. by using visual
sensor data.

[0077] Aspects of the present disclosure relate to com-
puter program elements configured to carry out steps of
the methods described above. The computer program
element might therefore be stored on a computing unit of
a computing device, which might also be part of an
embodiment. This computing unit may be configured to
perform or induce performing of the steps of the method
described above. Moreover, it may be configured to
operate the components of the above-described system.
The computing unit can be configured to operate auto-
matically and/or to execute the orders of a user. The
computing unitmay include a data processor. A computer
program may be loaded into a working memory of a data
processor. The data processor may thus be equipped to
carry out the method according to one of the preceding
embodiments. This exemplary embodiment of the pre-
sent disclosure covers both, a computer program that
right from the beginning uses the present disclosure and
computer program that by means of an update turns an
existing program into a program that uses the present
disclosure. Moreover, the computer program element
might be able to provide all necessary steps to fulfill
the procedure of an exemplary embodiment of the meth-
od as described above. According to a further exemplary
embodiment of the present disclosure, a computer read-
able medium, such as a CD-ROM, USB stick, a down-
loadable executable or the like, is presented wherein the
computer readable medium has a computer program
element stored on it which computer program element
is described by the preceding section. A computer pro-
gram may be stored and/or distributed on a suitable
medium, such as an optical storage medium or a solid-
state medium supplied together with or as part of other
hardware, but may also be distributed in other forms,
such as via the internet or other wired or wireless tele-
communication systems. However, the computer pro-
gram may also be presented over a network like the
World Wide Web and can be downloaded into the work-
ing memory of a data processor from such a network.
According to a further exemplary embodiment of the
present disclosure, a medium for making a computer
program element available for downloading is provided,
which computer program element is arranged to perform
a method according to one of the previously described
embodiments of the present disclosure.

[0078] The present disclosure has been described in
conjunction with a preferred embodiment as examples as
well. However, other variations can be understood and
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effected by those persons skilled in the art and practicing
the claimed invention, from the studies of the drawings,
this disclosure and the claims. Notably, in particular, the
any steps presented can be performed in any order, i.e.
the present invention is not limited to a specific order of
these steps. Moreover, it is also not required that the
different steps are performed at a certain place or at one
node of adistributed system, i.e. each of the steps may be
performed at a different node using different equipment/-
data processing units.

[0079] Asused herein "determining" also includes "es-
timating, calculating, initiating or causing to determine",
"generating" also includes "initiating or causing to gen-
erate" and "providing" also includes "initiating or causing
to determine, generate, select, send, query or receive".
[0080] In the claims as well as in the description the
word "comprising" does not exclude other elements or
steps and the indefinite article "a" or "an" does not ex-
clude a plurality. A single element or other unit may fulfill
the functions of several entities or items recited in the
claims. The mere fact that certain measures are recited in
the mutual different dependent claims does not indicate
that a combination of these measures cannot be used in
an advantageous implementation.

Reference List
[0081]

10  step providing scaffolding data
20  step providing sensor data

30 step providing control model
40  step providing control data

50 system for providing control data
60 processing circuit

70  storage medium

80 data interface

100  robot component

200 scaffolding structure

300 vertical standard component
310  connection node/rosette element
400 horizontal ledger component
410  connection means

Claims

1. Computer-implemented method for providing con-
trol data for controlling at least one robot component
configured to assemble and/or disassemble a scaf-
folding structure and/or a part of a scaffolding struc-
ture, comprising the following steps:

providing (10) scaffolding data comprising at
least structural information indicating where a
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scaffolding component of the scaffolding struc-
ture is positioned in the scaffolding structure;
providing (20) sensor data at least comprising:
component state data of a scaffolding compo-
nent to be mounted for assembling or to be
dismounted for disassembling the scaffolding
structure, and robot state data of the at least
one robot component;

providing (30) at least one control model con-
figured to provide control data for the atleastone
robot component based on the scaffolding data
and the sensor data;

providing (40) control data for the at least one
robot component utilizing the control model,
wherein at least the scaffolding data and sensor
data are used as input data for the control model.

2. Computer-implemented method according to claim
1, wherein the scaffolding data comprises entries
relating to at least one of the following scaffolding
components:

« a vertical standard component comprising at
least one connection node, preferably in form of
a rosette element, wherein the connection node
is configured for having further components of
the scaffolding structure mounted thereon;

« a horizontal ledger component comprising at
least one first connection means configured to
be mounted to the at least one connection node
of the vertical standard component;

» a diagonal brace component comprising at
least one second connection means configured
to be mounted to the at least one connection
node of the vertical standard component;
*adeck component comprising atleast one third
connection means configured to be mounted to
the at least one connection node and/or the
horizontal ledger component, wherein the deck
component preferably further comprises at least
one locking means configured to lock the deck
component in a mounting position;

« a lift/transport component configured to house
at least one robot component and transport the
robot component between levels of the scaffold-
ing structure; and/or

« a lift/transport component configured to trans-
port scaffolding components between levels of
the scaffolding structure.

3. Computer-implemented method according to claim
2, wherein the scaffolding data further comprises at
least one of the following entries:

» geometry data of at least one of the scaffolding
components;
» weight data of at least one of the scaffolding
components;
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* weight distribution data of at least one of the
scaffolding components;

« center of gravity data of at least one of the
scaffolding components; and/or

* position and/or orientation data of at least one
of the scaffolding components based on a rela-
tive coordinate system, wherein the position
and/or orientation data relates to a position an-
d/or an orientation of at least one of the scaffold-
ing components in the scaffolding structure.

Computer-implemented method according to any
one of the preceding claims, wherein the at least
one robot component comprises a lower part con-
figured as a mobile robot platform and an upper part
comprising at least one process head, which is pre-
ferably an exchangeable process head, configured
to mount and/or dismount at least one scaffolding
component.

Computer-implemented method according to any
one of the preceding claims, further comprising:
providing control data for at least two robot compo-
nents, wherein the robot components are configured
to perform different tasks when assembling or dis-
assembling the scaffolding structure and/or the part
of a scaffolding structure, wherein at least one of the
tasks is preferably a transport task of at least one
scaffolding component, wherein the transport task
preferably relates to a transport from a storage loca-
tion of the scaffolding component to an assembly
location of the scaffolding component or from a dis-
assembly location to a storage location.

Computer-implemented method according to any
one of the preceding claims, wherein the sensor data
are provided by at least one of the following sensors:

¢ a camera unit;

« a force-feedback sensor; and/or

+ a weight sensor;

* a Lidar sensor;

+ a distance sensor;

* a radar sensor;

* a laser scanner;

« an inertial measurement unit (IMU) comprising
accelerometers, gyroscopes and/or magnet-
ometers;

* a temperature sensor;

« a barometer; and/or

* an encoder.

Computer-implemented method according to any
one of the preceding claims, wherein the component
state data of a scaffolding component comprises at
least one of the following entries:

* position/location of a scaffolding component;
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« orientation of a scaffolding component in three
dimensions;

« state of connection means of a scaffolding
component;

« orientation of connecting means of a scaffold-
ing component;

« state of locking means of a scaffolding compo-
nent;

« orientation of locking means of a scaffolding
component;

« state of defects of scaffolding components;

« state of a lift/transport component; and/or

» content of a lift/transport component.

Computer-implemented method according to any
one of the preceding claims, wherein the control
model is a trained control model comprising at least
one trained algorithm, wherein the training data for
the trained control model comprises labeled sensor
data.

Computer-implemented method according to claim
8, wherein the trained control model comprises mod-
el components that are individually trained to a
mounting operation and/or dismounting operation
of a specific scaffolding component.

Computer-implemented method according to claim
8 or claim 9, wherein the trained control model com-
prises predetermined movement patterns for speci-
fic scaffolding components, wherein the trained con-
trol model is further configured to adapt these pre-
determined movement patterns based on the pro-
vided sensor data.

Computer-implemented method according to any
one of the preceding claims, wherein the control
model is further adapted to provide a confirmation
request when a predetermined task has been com-
pleted, and wherein after providing a confirmation
request, the robot component is set on hold until a
confirmation response has been provided, prefer-
ably by means of a human input interface.

Computer-implemented method according to any
one of the preceding claims, wherein the control
model is further adapted to provide an assisting
request when a predetermined task is to be per-
formed requiring a predefined human interaction,
and wherein after providing an assisting request,
the robot component is set on hold until the prede-
fined human interaction has been performed.

System (50) for providing control data for controlling
at least one robot component configured to assem-
ble and/or disassemble a scaffolding structure an-
d/or a part of a scaffolding structure, comprising:
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a processing circuitry (60);

a storage medium (70); and

a data interface (80);

wherein the storage medium (70) comprises a
computer program that comprises instructions
which when the program is executed, cause the
processing circuitry (60) to carry out the method
according to any one of claims 1 to 12;
wherein the data interface (80) is configured to
receive input data for the control model including
the scaffolding data and the sensor data.

Computer program element with instructions, which,
when executed on computing devices of a comput-
ing environment, is configured to carry out the steps
of the computer-implemented method according to
any one of the claims 1 to 12 in a system according to
claim 13.

Use of at least one robot component, scaffolding
data, sensor data, component state data, robot state
data and/or control model in a computer-implemen-
ted method according to any one of the claims 1to 12
and/or in a system according to claim 13.
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