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DESCRIPTION

Field of the Invention

[0001] The present invention relates to a system and method for the calibration and/or
verification of a wind turbine sensor system.

Background of the Invention

[0002] In modem wind turbine design, a continued drive for increased efficiency and reliability
has led to a desire to provide more intelligent solutions for wind turbine control systems. Such
solutions often involve the incorporation of wind turbine sensor systems integrated into the
turbine design stage. Such systems can produce relatively accurate outputs, as they can be
integrated with the manufacture of the wind turbine components, e.g. a blade deflection
monitoring system inlaid within the structure of the wind turbine blade itself.

[0003] One of the challenges in ensuring accurate operation of such systems is the difficulty in
ensuring accurate calibration of the sensor outputs, in particular with regard to accurate
positioning of the sensor systems. In addition, it is desirable to be able to effectively verify the
output of an integrated sensor system, to ensure that the sensor components are operating
correctly.

[0004] Some proposed solutions include the use of the Global Positioning System (GPS) in
order to accurately calculate the location of the sensor system and/or the wind turbine
components. However, such systems are relatively expensive, and can require relatively
complicated interpolation and mapping of results in order to successfully calibrate and or verify
a turbine sensor system. Other solutions are proposed by US 2011/02606511 A1 and WO
2009/143850 A2. It is an object of the invention to provide an improved turbine sensor
calibration and/or verification system which provides a relatively simpler and less expensive
solution, which can be easily implemented on new or existing wind turbines.

Summary of the Invention

[0005] Accordingly, there is provided a method according to claim 1 of calibrating a sensor
system for a wind turbine, the wind turbine comprising at least one wind turbine blade, the
method comprising the steps of:

providing an optical capture device towards the nacelle of the wind turbine tower,

providing at least one light source at a location of the wind turbine distal from said optical
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capture device;

for at least a portion of an operational cycle of the wind turbine, recording the position of said
at least one light source as viewed by said optical capture device as an indication of the
movement of a portion of the wind turbine between said nacelle and the location of said at
least one light source; and

providing said recorded indication of movement as a calibration input to a sensor system of the
wind turbine.

[0006] The use of a calibration system on a wind turbine allows for an initial accurate
calibration of a turbine sensor system, and/or a dynamic or periodic re-calibration of the sensor
system, to ensure that such a sensor system provides accurate sensor outputs. Such
appropriately calibrated sensor systems can provide for improved wind turbine operation. By
an operational cycle of the wind turbine, it will be understood that this can cover initial testing of
wind turbine operational performance, e.g. a Full-Load or No-Load test of the turbine, and/or a
portion of the normal operational runtime of the wind turbine. The method may further
comprise the step of calibrating the sensor system based at least in part on said recorded
indication of movement.

[0007] Preferably, there is provided a method of calibrating a sensor system for a wind
turbine, the wind turbine comprising at least one wind turbine blade, the method comprising the
steps of:

providing at least one tower light source towards the base of a wind turbine tower;

providing an optical capture device towards the nacelle of the wind turbine tower, said optical
capture device arranged to face along said tower in the direction of said at least one tower light
source;

operating the wind turbine in a load state;

recording the position of said at least one tower light source as viewed by said optical capture
device as an indication of tower deflection for the load state; and

providing said recorded indication of tower deflection for the load state as a calibration input to
a sensor system of the wind turbine.

[0008] Wind turbine tower bending during turbine operation can result in measurement errors
during the operation of a wind turbine sensor system, such as a blade deflection monitoring
system. Furthermore, tower bending can influence the calculation of an accurate blade-to-
tower clearance distance. Accordingly, the provision of a suitable calibration system to calibrate
the operation of a turbine sensor system such as an integrated blade deflection monitoring
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system results in a more reliable and accurate performance of the sensor system and any
associated wind turbine control systems. The use of external optical devices provides a
relatively simple and easily verifiable method of calibrating tower bending during load for a
wind turbine tower.

[0009] The method can also be used as a method of verification of the output of a wind
turbine sensor system, by providing a relatively simple and accurate method for verifying the
true position of a wind turbine tower and/or a wind turbine blade experiencing deflection, and
which can be relatively easily implemented on a wind turbine using straightforward and readily
available components.

[0010] It will be understood that the apparatus used to implement the method may be
temporarily attached to the wind turbine for initial calibration or verification purposes.
Alternatively, the apparatus may be permanently attached to the wind turbine, In the case of a
permanent apparatus installation, the calibration apparatus may function as a secondary or
backup sensor system, which can be used in the event of the main wind turbine sensor system
experiencing a failure.

[0011] By "load state", it will be understood that the turbine is operated under pre-defined
loading conditions, e.g. nominal load or full-load. It will be further understood that the turbine
may be operated for a variety of different loads up to maximum load, in order to provide an
extensive overview of the relationship between load conditions and tower bending. Such an
overview of tower bending for different loading conditions can provide accurate calibration
inputs for various turbine sensor systems.

[0012] Preferably, the wind turbine sensor system comprises a blade deflection monitoring
system, preferably the wind turbine comprises at least one wind turbine blade having an
integrated blade deflection monitoring system.

[0013] Preferably, the method further comprises the steps of:

providing at least one blade light source towards the tip end of a wind turbine blade of the wind
turbine;

as said wind turbine blade passes said tower, recording the position of said at least one blade
light source as viewed by said optical capture device as an indication of blade deflection for the
load state; and

providing said recorded indication of blade deflection for the load state as a calibration input to
a sensor system of the wind turbine.

[0014] By monitoring the blade deflection during a measured load condition, a sensor system
such as a deflection monitoring system can be accurately calibrated for future turbine
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operation.

[0015] Preferably, the method further comprises the steps of:
operating said wind turbine in no-load or idle state;

recording the position of said at least one tower light source as viewed by said optical capture
device as an indication of tower deflection for the no-load state; and

providing said recorded indication of tower deflection for the no-load state as a calibration input
to a sensor system of the wind turbine.

[0016] Preferably, the method further comprises the steps of:

providing at least one blade light source towards the tip end of a wind turbine blade of the wind
turbine;

as said wind turbine blade passes said tower, recording the position of said at least one blade
light source as viewed by said optical capture device as an indication of blade deflection for the
no-load state; and

providing said recorded indication of blade deflection for the no-load state as a calibration input
to a sensor system of the wind turbine.

[0017] Monitoring the tower deflection and/or the blade deflection for no-load conditions
provides a useful baseline measurement which can be used for accurate calibration of a
sensor system such as a deflection monitoring system.

[0018] Preferably, the method comprises the step of providing at least one wind turbine blade
having an integrated blade deflection monitoring system, preferably a wireless distance
measurement system. In a preferred aspect, the wireless distance measurement system is
based on a radio communications link between a plurality of communications devices.
Preferably, the radio communications link is an ultra-wideband (UWB) communications link.

[0019] The use of such wireless distance monitoring systems provides for a high degree of
accuracy and reliability during the operation of the deflection monitoring system. As the
calibration system is based on an optical detection of position, this provides a second layer of
security when initially calibrating the deflection monitoring system, as the calibration operation
can be based on two separate measurements of position - the output of the calibration system
and the output of the deflection monitoring system itself. It will be understood that the wind
turbine blade may comprise an alternate deflection monitoring system, e.g. a fibre-optic
deflection monitoring system, and accelerometer-based system, etc.
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[0020] Preferably, said optical capture device is provided on the wind turbine nacelle, adjacent
the wind turbine rotor hub. Preferably, said optical capture device is provided on the underside
of the nacelle.

[0021] Preferably, said at least one tower light source is provided on the ground adjacent the
base of the wind turbine tower.

[0022] Preferably, said tower and/or blade light sources are provided as infra-red (IR) lamps.

[0023] Preferably, said step of recording is performed for a pre-defined number of rotations of
wind turbine rotor blades and/or a pre-defined duration.

[0024] In one aspect, the recording is performed once per revolution of the at least one wind
turbine rotor blade, wherein the calibration method is continually performed for a turbine
sensor system. Preferably, the sensor system comprises at least one accelerometer provided
in said at least one wind turbine blade.

[0025] In one aspect, the method further comprises the step of dynamically calibrating said
turbine sensor system based at least in part on said recorded indication of movement during
operation of the wind turbine. This may be continuously performed during turbine operation, or
may be a dynamic recalibration of the sensor system during a period of turbine operation, e.g.
during a period of high loading.

[0026] In an alternative aspect, the recording is performed for a sufficient number of
revolutions or for a sufficient duration of time to ensure that a reliable data set has been
recorded for calibration or verification purposes.

[0027] Preferably, the method comprises after said step of recording, removing said light
sources and optical capture devices.

[0028] The use of devices and light sources which can be removed from the wind turbine after
calibration allows for the devices to be re-used for the calibration of different wind turbines.
Additionally or alternatively, the calibration may be performed serially or in parallel for different
blades of the wind turbine.

[0029] Preferably, the step of providing comprises attaching said optical capture device to an
external surface of said nacelle.

[0030] Preferably, the step of providing comprises attaching said at least one blade light
source to an external surface of the wind turbine blade.

[0031] Preferably, said at least one blade light source is releasably attached to the surface of
the wind turbine blade.



DK/EP 2932094 T3

[0032] Preferably, the method comprises the steps of:

providing a predicted movement of a portion of the wind turbine between said nacelle and the
location of said at least one light source as output from a sensor system of the wind turbine;

comparing said recorded indication of movement with said predicted movement; and

if the difference between said recorded indication of movement and said predicted movement
exceeds a threshold, triggering an alarm state for the wind turbine.

[0033] The alarm state may be an actual operator alarm; the generation of a request for a
service, inspection or repair of the wind turbine; a deactivation of the wind turbine; and/or a
signal to the wind turbine controller to use the output of the calibration system in place of the
output of the sensor system, for the purpose of wind turbine control. In this regard, it will be
understood that the wind turbine may be provided with a link to a communications network
suitable for the transmissions of signals from the wind turbine to a wind turbine operator, which
may be in a remote location.

[0034] There is also provided an apparatus for calibrating a sensor system for a wind turbine,
the apparatus comprising:

an optical capture device for positioning towards the nacelle of the wind turbine tower;

at least one light source for positioning at a location of the wind turbine distal from said optical
capture device; and

a controller coupled to said first light source and said optical capture device, wherein the
controller is operable to implement the method as described above.

[0035] Preferably, the apparatus comprises at least one light source for positioning towards
the base of a wind turbine tower.

[0036] Preferably, the apparatus comprises at least one light source for positioning towards
the tip end of at least one wind turbine blade of the wind turbine.

Description of the Invention

[0037] Embodiments of the invention will now be described, by way of example only, with
reference to the accompanying drawings, in which:

Fig. 1 shows a wind turbine having a calibration and verification system according to the
invention;
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Fig. 2 illustrates the steps of a calibration method according to an aspect of the invention;

Fig. 3 illustrates a method of verification and tuning of a sensor system according to an aspect
of the invention; and

Fig. 4 illustrates an example of data recorded using an embodiment of the system and method
of the invention.

[0038] It will be understood that the attached drawings are illustrative only, and are not
provided to scale.

[0039] With reference to Fig. 1, an upwind horizontal axis wind turbine 10 is illustrated
according to the so-called "Danish concept". The wind turbine 10 comprises a wind turbine
tower 12, a nacelle 14 provided at the top of said tower 12, and a wind turbine rotor 16
rotatably provided on said nacelle 14. The rotor 16 comprises a rotor hub 18 and a plurality of
wind turbine blades 20 extending radially from said rotor hub 18. The wind turbine blades 20
are pitchably mounted to the rotor hub 18, such that the blades 20 may be pitched relative to
the rotor hub 18, to optimise turbine operation based on operating conditions. The nacelle 14
is rotatably mounted on said tower 12, such that by a yawing action of the nacelle 14 the wind
turbine rotor 16 may face the oncoming wind at the turbine 10.

[0040] The wind turbine blades 20 comprise an airfoil profile, having a leading edge 21a and a
trailing edge 21b. The wind turbine blades 20 follow a generally circular rotational path around
the rotor hub 18.

[0041] Wind turbine blades are generally formed from fibre-reinforced plastics material, i.e.
glass fibres and/or carbon fibres which are arranged in a mould and cured with a resin to form
a solid structure. Modern wind turbine blades can often be in excess of 30-40 metres in length,
having blade root diameters of several metres.

[0042] The wind turbine 10 further comprises at least one turbine sensor system (not shown),
which is operable to monitor at least one operational characteristic of the wind turbine 10. Such
a turbine sensor system may comprise a wind turbine blade deflection monitoring system, for
example a deflection monitoring system based on an ultra wideband (UWB) communication
system. An example of such a blade deflection monitoring system can be found in co-pending
European Patent Application No. 12180776.2. Other examples of suitable sensor systems
include accelerometer-based sensor systems, and/or tower strike prediction systems.

[0043] The sensor system may be coupled to a data recording station, wherein turbine
operational characteristics can be recorded for subsequent analysis to determine the status
and performance of the wind turbine 10. Additionally or alternatively, the output of the sensor
system may be coupled to a wind turbine controller (not shown), which is operable to regulate
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the operation of the wind turbine 10 based on the sensor system output. For example, the
controller may be operable to control the pitching of the wind turbine blades 20, in order to
adjust the blade pitch angle for improved turbine performance, and/or to prevent the possibility
of a tower strike of the blades 20.

[0044] In order to ensure accurate operation of the turbine sensor system, the wind turbine 10
further comprises a sensor calibration system which is operable to calibrate and/or verify the
output of a wind turbine sensor system. The sensor calibration system comprises an optical
capture device 22 which is provided at or near the nacelle 14 of the wind turbine 10. The
optical capture device 22 may comprise any suitable camera apparatus. The optical capture
device 22 is arranged such that the device 22 faces in a downward direction, from the upper
end of the wind turbine tower 12 towards the base of the tower 12. The optical capture device
22 is arranged such that it is located such that the device 22 can capture an image of the base
of the tower 12 as well as the lower portion of the rotational path of the wind turbine blades 20.
In this regard, the optical capture device 22 is preferably mounted on the nacelle 14, towards
the rotor side of the nacelle 14, such that the optical capture device 22 will yaw with the nacelle
14 to always face in the same direction as the rotor 16. Preferably, the optical capture device
22 is mounted on the nacelle 14 between the tower 12 and the rotor hub 18. Alternatively, the
optical capture device 22 may be mounted on the tower 12 at the upper end of the tower 12,
wherein the optical capture device 22 is operable to rotate around the tower 12 as required.

[0045] A first light source 24 is located at or near the base of the wind turbine tower 12. The
first light source 24 may comprise a single light source element provided at a specific location
at the base of the tower 12, or may comprise an array of light source elements located about
the periphery of the tower base, such that at least a portion of the first light source 24 may be
seen by the optical capture device 22 for any yaw angle of the nacelle 14 and rotor 16.
Alternatively, the first light source 24 may comprise a single light source element rotationally
provided at the base of the tower 12, the single light source element arranged to rotate about
the tower 12 with the yawing of the nacelle 14, such that the single light source element may
be seen by the optical capture device 22 for any yaw angle of the nacelle 14.

[0046] A second light source 26 is located towards the tip end of at least one of the wind
turbine blades 20. The second light source 26 is preferably provided on a downwind surface of
the wind turbine blade 20, preferably on a side of the wind turbine blade 20 facing the tower
12, such that the second light source 26 may be seen by the optical capture device 22 as said
wind turbine blade 20 passes through that portion of the rotational path of the wind turbine
blades 20 which is viewable by the optical capture device 22.

[0047] The light sources 24,26 may be any light source suitable for monitoring by the optical
capture device 22. Preferably, the light sources 24,26 comprise infrared (IR) lamps. Preferably,
the optical capture device 22 comprises a multi object tracking sensor, which is operable to
track the position of the light sources onto a 2D array.

[0048] It will be understood that the optical capture device 22 and the first and second light
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sources 24,26 can be temporarily attached to the wind turbine 10 for the purposes of an initial
calibration/verification test, and/or for a periodic calibration/verification test carried out at
intervals during the operational lifetime of the wind turbine 10.

[0049] Alternatively, the devices 22,24,26 can be permanently affixed to the wind turbine 10,
for the purposes of performing a continual or dynamic calibration of sensor systems in the wind
turbine 10.

[0050] Preferably, the light sources 22,24 are provided in aerodynamically suitable housings,
so that the presence of the light sources 22,24, and in particular any light sources provided on
the wind turbine blades, does not result in the generation of significant noise levels and does
not significantly affect the aerodynamic characteristics of the wind turbine.

[0051] In instances where the light sources are provided to be installed for a substantially time
period, e.g. as a permanent part of the wind turbine, it will be understood that the wind turbine
may be designed to efficiently accommodate the light sources, e.g. the wind turbine blades
may be shaped to receive a light source in an aperture or cavity defined in the blade, such that
the light source is provided in register with the blade surface. Additionally or alternatively, the
light source 26 provided towards the tip of the blade 20 may be coupled to a controller and/or a
power supply provided in the wind turbine hub 18 or nacelle 14. Such a remote location of the
controller and/or power supply from the blade tip allows for relatively easy servicing of the
controller and power supply.

[0052] Additionally or alternatively, the light source 26 could be provided by way of an optical
fibre or similar light guide which extends through the blade 20 from the blade root end to the
location towards the tip. Accordingly, a light source may be provided in a relatively easily
serviceable location such as the rotor hub 18 or the nacelle 14, with light from said light source
guided from such a location to the location towards the tip it is desired to monitor for
movement.

[0053] The optical capture device 22 is operable to track the position of the light sources
24,26 onto a 2D array. A suitable controller is then operable to transform the tracked
coordinates to determine motion between the optical capture device 22 and the light sources
24,26. Accordingly, by monitoring the position of the first and second light sources 24,26 as
seen by the optical capture device 22, several operational characteristics of the wind turbine 10
can be relatively easily determined:

¢ The extent of the bending of the wind turbine tower 12 during wind turbine 10 operation,
based on the relative movement between the optical capture device 22, provided at the
top of the tower 12, and the first light source 24, provided at the base of the tower 12;
and

» The extent of the deflection of the wind turbine blade 20 to which the second light source
26 is mounted, based on the movement of the second light source 26 as seen by the
optical capture device 22.
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[0054] These recorded results can then be used for the calibration and/or verification of the
outputs of sensor systems provided in the wind turbine 10. It will be understood that these
characteristics can be measured for different loading states of the wind turbine 10. With
reference to Fig. 2, an outline of the method used for a calibration/verification test according to
the invention is illustrated.

[0055] Initially (step 100), the optical capture device 22 and the first and second light sources
24,26 are installed on a wind turbine 10, as indicated in Fig. 1. The turbine 10 is then operated
for a No-Load Test (step 102), wherein the turbine 10 is operated without an electrical load.
The relative movement of the blade tip position and the tower position are recorded for this test
(steps 104,106), by recording the relative movement of the first and second light sources 24,26
respectively relative to the optical capture device 22.

[0056] Next, a Full-Load Test is performed using the turbine (step 108), wherein the turbine
10 is operated using full electrical load. Again, the relative movement of the blade tip position
and the tower position are recorded for this test (steps 110,112), by recording the relative
movement of the first and second light sources 24,26 respectively relative to the optical
capture device 22.

[0057] It will be understood that the turbine 10 may additionally or alternatively be operated
for different levels of operational load, in order to record the blade tip and tower positions for
different levels of turbine operation.

[0058] Once the tower bending and blade deflection has been recorded in the manner, the
data can be used as an input to a sensor calibration system (step 114). For example, the data
can be used to verify if the output of a position-based blade deflection system is correct (by
comparing with the recorded blade tip deflection), or if the accuracy of a tower-strike prediction
system is sufficient (by comparing the recorded blade tip deflection and tower deflection to
determine likelihood of tower strike).

[0059] In a preferred aspect, the calibration system incorporating the devices 22,24,26 can
then be removed (step 116) from the wind turbine 10, and used to calibrate other wind turbine
installations, but it will be understood that the calibration system may be permanently installed
on the turbine 10, to provide for a dynamic or periodic re-calibration of the sensor system
components. For example, in the case of an accelerometer-based sensor system, the blade
deflection may be recorded for every rotation of the wind turbine rotor 16, or at least for pre-
defined rotation intervals. The output of the accelerometer may accordingly be re-centred
based on the recorded deflection, the accuracy of the sensor system being continually tuned
by the calibration system.

[0060] With reference to Fig. 3, an example of a calibration method is illustrated.
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[0061] In Fig. 3, the output of the wind turbine sensor system, e.g. a blade deflection
monitoring system, is taken (step 118), and compared with the output from the calibration and
verification system of the devices 22,24,26 (step 120). The outputs are then compared (step
122) to judge their accuracy and alignment.

[0062] If the output of the calibration system corresponds with the output of the sensor
system, it can be judged that the sensor system of the wind turbine 10 is accurately configured
(step 124), and the calibration system can be removed for installation on and calibration of
another wind turbine sensor system (as in step 116), or the calibration system can be powered
off or set to an idle mode until the next calibration and verification test is required.

[0063] If the output of the calibration system is different from the output of the sensor system,
then the wind turbine controller is operable to tune the sensor system (step 126) to provide an
accurate output. It will be understood that any suitable tuning or adjustment of the sensor
system may be performed, e.g. appropriate adjustment of gains and/or time constants on a
controller of the sensor system, and/or a zeroing of appropriate sensor outputs. Preferably, the
controller is operable to tune the sensor system in a feedback look until the output of the
sensor system corresponds with the output of the calibration system.

[0064] Fig. 4 shows an example of data recorded from an embodiment of the system and
method of the invention, implemented on a wind turbine.

[0065] The plot presented is an array of pixels seen by the optical capture device 22, showing
a 2D coordinate plot illustrating the motion of the light sources 24,26 as seen by the optical
capture device 22. The scale of the plot as seen by the optical capture device 22 has been
adjusted wherein 100 pixels is approximately equal to 4.3 metres.

[0066] The array of points passing from the left to the right of the plot illustrate the motion of
the blade light source 26 provided towards the tip end of the blade 20, as the blade 20 passes
through the field of view of the optical capture device 22. The upper array of points, indicated
by A, illustrate the motion of the blade 20 while the turbine is idling or under a No-Load test, i.e.
showing minimal deflection of the wind turbine blade 20. The lower array of points, indicated by
B, illustrate the motion of the blade 20 during a Full-Load test, showing a deflection of the
blade 20 from the No-Load point array.

[0067] The cluster of points shown at the lower area of the plot, indicated by C, show the
relative motion of the tower light source 24 seen by the optical capture device 22, indicative of
the bending of the tower 12 during turbine operation.

[0068] Accordingly, the controller is operable to triangulate and transform these recorded
results, for use in the calibration and/or verification of a wind turbine sensor system.

[0069] As described above, the system is operable to be temporarily installed on a wind
turbine, to provide an initial testing and verification of a new wind turbine installation, or for a
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periodic re-calibration of existing sensor systems. Alternatively, the calibration system may be
permanently installed on a wind turbine, operable to perform dynamic re-calibration of the
sensor system outputs.

[0070] In a further embodiment of the invention where the calibration and verification system
is permanently installed on a wind turbine, the system may be operable to generate an alarm
when the difference between the output of the calibration system and the output of the sensor
system exceeds a pre-defined threshold. Such a relatively large difference in system outputs
may be indicative of failure or damage to an aspect of the wind turbine sensor system, and
which could require operator repair. In such a case, the calibration system may be operable to
perform as a backup or secondary sensor system for the wind turbine, in place of the damaged
or failed primary sensor system.

[0071] The invention provides a system and method to ensure accurate calibration and
verification of the output of a wind turbine blade sensor system. The calibration system may be
relatively easily installed on a wind turbine for temporary or permanent calibration and
verification. In addition, the calibration system may be operable to monitor the operational
status of a wind turbine blade sensor system, and/or to provide a backup sensor system in the
event of damage to or failure of the main sensor system of the wind turbine.

[0072] The invention is not limited to the embodiments described herein, and may be modified
or adapted without departing from the scope of the present invention.
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KRAV

1. En fremgangsmade til kalibrering af et sensorsystem til et vindenergianleg via et
kalibreringssystem, idet vindenergianlegget omfatter i det mindste en vindmgllevinge,
hvor fremgangsmaden omfatter fglgende trin:

tilvejebringelse af et optisk optageindretning fra kalibreringssystemet mod
vindmglletarnets nacelle;

tilvejebringelse af 1 det mindste én lyskilde fra kalibreringssystemet ved en
placering pa vindenergianlegget fjernt fra den optiske optageindretning;

optagelse af positionen af lyskilden som set af den optiske optageindretning
for i det mindste en del af en driftscyklus som en indikation pa bevagelsen af en del af
vindenergianlegget mellem nacellen og positionen af den 1 det mindste ene lyskilde; og

tilvejebringelse af den optagede indikation af bevagelse som kalibreringsinput

til et sensorsystem i vindenergianlegget.

2. Fremgangsmaden ifglge krav 1, hvor fremgangsmaden omfatter fglgende trin:
tilvejebringelse af i det mindste en tarnlyskilde mod vindmglletarnets base;
tilvejebringelse af en optisk optageindretning mod vindmglletarnets nacelle,

idet den optiske optageindretning er placeret til at vende i retning langs tarnet i retning

mod den i det mindste ene tarnlyskilde;
drift af vindenergianlegget i en belastningstilstand;
optagelse af positionen af tarnlyskilden som set af den optiske
optageindretning som en indikation pa tarnafbgjning for belastningstilstanden; og
tilvejebringelse af den optagede indikation af tarnafbgjningen for

belastningstilstanden som kalibreringsinput til et sensorsystem i vindenergianlegget.

3. Fremgangsmaden ifglge krav 1 eller krav 2, hvor fremgangsmaden yderligere
omfatter fglgende trin:

tilvejebringelse af 1 det mindste en vingelyskilde mod tipenden af en
vindmgllevinge pa vindenergianlegget;

optagelse af positionen af vingelyskilden som set af den optiske
optageindretning, nar vindmgllevingen passerer tarnet, som en indikation pa

vingeafbgjning for belastningstilstanden; og
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tilvejebringelse af den optagede indikation af vingeafbgjningen for

belastningstilstanden som kalibreringsinput til et sensorsystem i vindenergianlaegget.

4. Fremgangsmaden ifglge ethvert af kravene 1-3, hvor fremgangsmaden yderligere
omfatter fglgende trin:

drift af vindenergianlegget i en ikke-belastet eller inaktiv tilstand;;

optagelse af positionen af den i det mindste ene tarnlyskilde som set af den
optiske optageindretning som en indikation pa den ikke-belastede tilstand; og

tilvejebringelse af den optagede indikation af tarnafbgjningen for den ikke

belastede tilstand som kalibreringsinput til et sensorsystem 1 vindenergianlagget.

5. Fremgangsmaden ifglge ethvert af kravene 1-4, hvor fremgangsmaden yderligere
omfatter fglgende trin:

tilvejebringelse af 1 det mindste en vingelyskilde mod tipenden af en
vindmgllevinge pa vindenergianlegget;

optagelse af positionen af vingelyskilden som set af den optiske
optageindretning, nar vindmgllevingen passerer tarnet, som en indikation pa
vingeafbgjning for den ikke-belastede tilstand; og

tilvejebringelse af den optagede indikation af vingeafbgjningen for den ikke-

belastede tilstand som kalibreringsinput til et sensorsystem 1 vindenergianlagget.

6. Fremgangsmaden ifglge ethvert af kravene 1-5, hvor den optiske optageindretning er

tilvejebragt pa vindmgllenacellen ved siden af vindmgllenavet.

7. Fremgangsmaden ifglge ethvert af de foregaende krav, hvor den i det mindste ene
lyskilde er tilvejebragt som i det mindste en tarnlyskilde tilvejebragt pa jorden ved siden

af vindmglletarnets base.

8. Fremgangsmaden ifglge ethvert af de foregdende krav, hvor den i det mindste ene

lyskinde er tilvejebragt som en infrargd (IR) lampe.

9. Fremgangsmaden ifglge ethvert af de foregaende krav, hvor trinnet til optagelse ud-
fores for et foruddefinerede antal rotationer for vindmgllerotorvinger og/eller for en

foruddefineret periode.
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10. Fremgangsmaden ifglge ethvert af de foregaende krav, hvor optagelsen udfgres en
gang per omdrejening af den 1 det mindste ene vindmgllevinge, og hvor
fremgangsmaden yderligere omfatter trinnet til dynamisk kalibrering af
vindenergianlaegsensorsystemet baseret i det mindste delvist pa den optagede indikation

af bevegelse under drift af vindenergianlegget.

11. Fremgangsmaden ifglge ethvert af kravene 1-10, hvor optagelsen udfgres for et antal

foruddefinerede antal omdrejninger og/eller for et foruddefineret tidsinterval.

12. Fremgangsmaden ifglge ethvert af kravene 1-10, hvor fremgangsmaden omfatter

fjernelse af nevnte lyskilder og optiske optageindretninger efter optagetrinnet.

13. Fremgangsmaden ifglge ethvert af de foregaende krav, hvor fremgangsmaden
omfatter trinnene til:

tilvejebringelse af forudset bevalgelse af en del af vindenergianlegget mellem
nacellen og positionen af den i det mindste ene lyskilde som output fra et sensorsystem
1 vindenergianlegget;

sammenligning af den optagede indikation for bevagelse med den forudsete
bevaegelse; og

udlgsning af en alarmtilstand for vindenergianlegget, hvis forskellen mellem
den optagede indikation for beveagelse of den forudsete bevagelse overstiger en

terskelverdi

14. Fremgangsmaden ifglge krav 13, hvor trinnet til udlgsning af en alarmtilstand for
vindenergianlegget omfatter i det mindste en af fglgende: generering af en
operatgralarm for vindenergianlegget; genering af en anmodning om service,
inspektion eller reperation af vindenergianl®gget; deaktivering af vindenergianlegget;
signalering til en vindenergianlegstyring til anvendelse af kalibreringssystem 1 stedet

for et output fra sensorsystem med henblik pa styring af vindenergianlaegget.

15. Bt apparat til kalibrering af et sensorsystem til et vindenergianleg, idet apparatet

omfatter:
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en optisk optageindrening til placering mod nacellen af vindmglletarnet;

i det mindste en lyskilde til placeret ved en position pa vindenergianlaegget
fjernt fra den optiske optageindretning; og

en styring koblet til den fgrste lyskilde og den optiske optageindretning, hvor
styringen er indrettet til at implementere fremgangsmaden ifglge ethvert af kravene 1-

14.
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