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DESCRIPTION

Description

FIELD

[0001] The present disclosure relates generally to wind farms and, more particularly, to a
machine-learning model-based analytic for monitoring wind farm performance.

BACKGROUND

[0002] Wind power is considered one of the cleanest, most environmentally friendly energy
sources presently available, and wind turbines have gained increased attention in this regard.
A modern wind turbine typically includes a tower, a generator, a gearbox, a nacelle, and one or
more rotor blades. The rotor blades capture kinetic energy of wind using known airfoil
principles. For example, rotor blades typically have the cross-sectional profile of an airfoil such
that, during operation, air flows over the blade producing a pressure difference between the
sides. Consequently, a lift force, which is directed from a pressure side towards a suction side,
acts on the blade. The lift force generates torque on the main rotor shaft, which is geared to a
generator for producing electricity.

[0003] A plurality of wind turbines are commonly used in conjunction with one another to
generate electricity and are commonly referred to as a "wind farm.” During operation, it is
advantageous to utilize various analytic outputs to evaluate wind turbine and/or wind farm
performance to ensure that the wind turbine(s) and/or wind farm are operating properly.
However, wind turbine under performance using such individual analytic outputs is a difficult
condition to classify. As such, the state of the art provides an overabundance of false alarms,
thereby leading operators to ignore analytic outputs that are flagging under performance.
Furthermore, all analytic outputs are not computed and made available simultaneously.
However, a decision is still desired at the queried instance.

US10041475B1 describes reducing curtailment of wind power generation;

EP3249769A1 describes a system and method for controlling power production from a wind
farm;

US2011/0020122A1 describes an integrated condition based maintenance system for wind
turbines.
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[0004] Accordingly, the present disclosure is directed to systems and methods for combining
low-performing subsets of available analytic streams to create a machine learning model-
based analytic with high precision and accuracy to better estimate wind turbine performance.
In addition, systems and methods of the present disclosure also rank the under-performing
wind turbines using a power ensemble and/or other analytic that quantifies the extent to which
energy has been lost, thereby making it possible for a field engineer to zero in on the key
under-performing wind turbines in a wind farm.

BRIEF DESCRIPTION

[0005] The invention is defined by the independent claims. The dependent claims define
further embodiments of the invention.

[0006] The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and, together with the description, serve
to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] A full and enabling disclosure of the present invention, including the best mode thereof,
directed to one of ordinary skill in the art, is set forth in the specification, which makes
reference to the appended figures, in which:

FIG. 1 illustrates a perspective view of one embodiment of a wind farm according to the
present disclosure;

FIG. 2 illustrates a perspective view of one embodiment of a wind turbine according to the
present disclosure;

FIG. 3 illustrates a block diagram of one embodiment of a controller of a wind turbine and/or or
wind farm according to the present disclosure;

FIG. 4 illustrates a flow diagram of one embodiment of a method for controlling a wind turbine
according to the present disclosure;

FIG. 5 illustrates a schematic diagram of a system for controlling a wind turbine according to
the present disclosure; and

FIG. 6 illustrates a schematic diagram of one embodiment of an analytic micro-service
architecture according to the present disclosure.
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DETAILED DESCRIPTION

[0008] Reference now will be made in detail to embodiments of the invention, one or more
examples of which are illustrated in the drawings. Each example is provided by way of
explanation of the invention, not limitation of the invention. For instance, features illustrated or
described as part of one embodiment can be used with another embodiment to yield a still
further embodiment. Thus, it is intended that the present invention covers such modifications
and variations as come within the scope of the appended claims.

[0009] Generally, the present disclosure is directed to a machine-learning model-based
analytic for monitoring wind farm performance such that early detection of performance issues
can be achieved. More specifically, the machine-learning model-based analytic of the present
disclosure combines several wind performance analytics having less precision and accuracy to
achieve a single analytic with high precision and accuracy. For example, the model-based
analytic uses supervised machine learning on labeled data together with various pre-
processing steps and a continuous learning to create an analytic and system capable of
detecting under-performance of a wind turbine with minimum missed classifications and
minimal false alarms. Accordingly, the present disclosure can also provide a methodology for
using factorization and/or principal component analysis to automatically determine the correct
number of dimensions to include in the model. In addition, the model may include the power
ensemble analytic as one of the feature sets used in the model. Thus, the model of the present
disclosure can be continuously improved over time and may continuously add new analytics as
they become available.

[0010] Referring now to the drawings, FIG. 1 illustrates an exemplary embodiment of a wind
farm 100 containing a plurality of wind turbines 102 according to aspects of the present
disclosure. The wind turbines 102 may be arranged in any suitable fashion. By way of
example, the wind turbines 102 may be arranged in an array of rows and columns, in a single
row, or in a random arrangement. Further, FIG. 1 illustrates an example layout of one
embodiment of the wind farm 100. Typically, wind turbine arrangement in a wind farm is
determined based on numerous optimization algorithms such that AEP is maximized for
corresponding site wind climate. It should be understood that any wind turbine arrangement
may be implemented, such as on uneven land, without departing from the scope of the present
disclosure.

[0011] In addition, it should be understood that the wind turbines 102 of the wind farm 100
may have any suitable configuration, such as for example, as shown in FIG. 2. As shown, the
wind turbine 102 includes a tower 114 extending from a support surface, a nacelle 116
mounted atop the tower 114, and a rotor 118 coupled to the nacelle 16. The rotor includes a
rotatable hub 120 having a plurality of rotor blades 112 mounted thereon, which is, in turn,
connected to a main rotor shaft that is coupled to the generator housed within the nacelle 116
(not shown). Thus, the generator produces electrical power from the rotational energy
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generated by the rotor 118. It should be appreciated that the wind turbine 102 of FIG. 2 is
provided for illustrative purposes only. Thus, one of ordinary skill in the art should understand
that the invention is not limited to any particular type of wind turbine configuration.

[0012] As shown generally in the figures, each wind turbine 102 of the wind farm 100 may also
include a turbine controller 104 communicatively coupled to a farm controller 108. Moreover, in
one embodiment, the farm controller 108 may be coupled to the turbine controllers 104
through a network 110 to facilitate communication between the various wind farm components.
The wind turbines 102 may also include one or more sensors 105, 106, 107 configured to
monitor various operating, wind, and/or loading conditions of the wind turbine 102. For
instance, the one or more sensors may include blade sensors for monitoring the rotor blades
112; generator sensors for monitoring generator loads, torque, speed, acceleration and/or the
power output of the generator; wind sensors 106 for monitoring the one or more wind
conditions; and/or shaft sensors for measuring loads of the rotor shaft and/or the rotational
speed of the rotor shaft. Additionally, the wind turbine 102 may include one or more tower
sensors for measuring the loads transmitted through the tower 114 and/or the acceleration of
the tower 114. In various embodiments, the sensors may be any one of or combination of the
following: accelerometers, pressure sensors, angle of attack sensors, vibration sensors,
Miniature Inertial Measurement Units (MIMUs), camera systems, fiber optic systems,
anemometers, wind vanes, Sonic Detection and Ranging (SODAR) sensors, infra lasers, Light
Detecting and Ranging (LIDAR) sensors, radiometers, pitot tubes, rawinsondes, other optical
sensors, and/or any other suitable sensors.

[0013] Referring now to FIG. 3, there is illustrated a block diagram of one embodiment of
suitable components that may be included within the farm controller 108, the turbine
controller(s) 104, and/or other suitable controller according to the present disclosure. As
shown, the controller(s) 104, 108 may include one or more processor(s) 150 and associated
memory device(s) 152 configured to perform a variety of computer-implemented functions
(e.g., performing the methods, steps, calculations and the like and storing relevant data as
disclosed herein). Additionally, the controller(s) 104, 108 may also include a communications
module 154 to facilitate communications between the controller(s) 104, 108 and the various
components of the wind turbine 102. Further, the communications module 154 may include a
sensor interface 156 (e.g., one or more analog-to-digital converters) to permit signals
transmitted from one or more sensors 105, 106, 107 (such as the sensors described herein) to
be converted into signals that can be understood and processed by the processors 150. It
should be appreciated that the sensors 105, 106, 107 may be communicatively coupled to the
communications module 154 using any suitable means. For example, as shown, the sensors
105, 106, 107 are coupled to the sensor interface 156 via a wired connection. However, in
other embodiments, the sensors 105, 106, 107 may be coupled to the sensor interface 156 via
a wireless connection, such as by using any suitable wireless communications protocol known
in the art.

[0014] As used herein, the term "processor" refers not only to integrated circuits referred to in
the art as being included in a computer, but also refers to a controller, a microcontroller, a
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microcomputer, a programmable logic controller (PLC), an application specific integrated
circuit, and other programmable circuits. Additionally, the memory device(s) 152 may generally
include memory element(s) including, but not limited to, computer readable medium (e.g.,
random access memory (RAM)), computer readable non-volatie medium (e.g., a flash
memory), a floppy disk, a compact disc-read only memory (CD-ROM), a magneto-optical disk
(MOD), a digital versatile disc (DVD) and/or other suitable memory elements. Such memory
device(s) 152 may generally be configured to store suitable computer-readable instructions
that, when implemented by the processor(s) 150, configure the controller(s) 104, 108 to
perform various functions as described herein.

[0015] Moreover, the network 110 that couples the farm controller 108, the turbine controllers
104, and/or the wind sensors 106 in the wind farm 100 may include any known communication
network such as a wired or wireless network, optical networks, and the like. In addition, the
network 110 may be connected in any known topology, such as a ring, a bus, or hub, and may
have any known contention resolution protocol without departing from the art. Thus, the
network 110 is configured to provide data communication between the turbine controller(s) 104
and the farm controller 108 in near real time.

[0016] Referring now to FIGS. 4 and 5, a method 200 and system 300 for controlling a wind
turbine, such as one of the wind turbines 102 in the wind farm 100, are illustrated. More
specifically, FIG. 4 illustrates a flow diagram of a method 200 for controlling a wind turbine
according to the present disclosure, whereas FIG. 5 illustrates a schematic diagram of a
system 300 for controlling a wind turbine according to the present disclosure. In general, as
shown in FIG. 4, the method 200 is described herein as implemented for controlling the wind
turbine 102 and/or the wind farm 100 described above. However, it should be appreciated that
the disclosed method 200 may be used to operate any other wind turbine and/or wind farm
having any suitable configuration. In addition, although FIG. 4 depicts steps performed in a
particular order for purposes of illustration and discussion, the methods described herein are
not limited to any particular order or arrangement. One skilled in the art, using the disclosures
provided herein, will appreciate that various steps of the methods can be omitted, rearranged,
combined and/or adapted in various ways.

[0017] As shown at (202), the method 200 includes detecting, via a controller, a plurality of
analytic outputs relating to power performance of the wind turbine 102 from a plurality of
different analytics. It should be understood that the controller configured to implement the
method may be the farm controller 108, one or more of the turbine controllers 104, and/or any
other suitable controller located within the wind farm 200 or remote from the wind farm 200.
Furthermore, as generally understood, wind turbines generally include a plurality of
performance analytics, which generally refer to collected and analyzed data associated with
performance of the wind turbine that is or can be categorized, stored, and/or analyzed to study
various trends or patterns in the data.

[0018] Thus, in an embodiment, as shown in FIG. 5, the system 300 may include a controller
302 (such as one of the turbine controllers 104 or the farm-level controller 108) that receives



DK/EP 3800519 T3

various analytic outputs relating to power performance of one or more of the wind turbines 102
as shown at 304. Such analytic outputs, for example, may be calculated via a variety of
performance analytics. Further, as shown at 308, the controller 302 is configured to detect
various performance analytic outputs, which may relate to power curve production ratio (e.g.
low or high; contractual power curve), power curve threshold (e.g. farm-level learned curve),
power curve historical, power curve residual (e.g. farm average compare), and/or power
ensemble (e.g. a turbine-level learned model; anemometer agnostic).

[0019] More particularly, as described herein, "power ensemble" wind turbines generally refers
to wind turbines that are identified as significant features in determining a turbine of interest's
power. Accordingly, power ensemble validation utilizes mean power from key reference wind
turbines to determine expectation of power. The power ensemble for a given wind turbine is
determined by the wind turbines that are most correlated to a wind turbine of interest that
together provide the lowest uncertainty in determining the wind turbine of interest's
performance. Advantages of power ensemble are that uncertainty is reduced by using power
only from multiple sensors.

[0020] Referring back to FIG. 4, as shown at (204), the method 200 includes analyzing, via the
controller 302, the plurality of analytic outputs relating to power performance of the wind
turbine 102. For example, in an embodiment, the controller 302 may filter the plurality of
analytic outputs relating to the power performance, e.g. via a low-pass filter, a high-pass filter,
a band pass filter, or combinations thereof. More specifically, as shown in FIG. 5 at 306, the
controller 302 may filter the analytic outputs prior to detection of the type of performance
analytic. According to the invention, the controller 302 analyzes the analytic outputs using
principal component analysis or factorization so as to reduce a number of dimensions in the
analytic outputs.

[0021] Referring still to FIG. 5, the controller 302 may also be configured to analyze the
analytic outputs by organizing the analytic outputs into, at least, a first data set 310 and a
second data set 312. In such embodiments, the first data set 310 of the plurality of analytic
data sets may include data from a first length of time and the second data 312 set may include
data from a second length of time. As such, the first length of time may be longer than the
second length of time. For example, as shown, the first data set 310 may include long-term
data (e.g. a couple of months), whereas the second data set 312 may include short-term data
(e.g. a week).

[0022] Thus, referring back to FIG. 4, as shown at (206), the method 200 includes generating
or building, via the controller 302, at least one computer-based model 314 of the power
performance of the wind turbine 102 using at least a portion of the analyzed plurality of analytic
outputs. It should be understood that any number of models may be generated, such that a
separate model can be created for subsets of feature sets such that the absence of one or
more feature analytics will not prevent the algorithm from operating properly.

[0023] For example, in a particular embodiment, stepwise linear regression may be utilized to
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build the model(s) 314. Generally, stepwise linear regression adds or removes features one at
a time in an attempt to get the best regression model without over fitting. Further, stepwise
regression typically has two variants, including forward and backward regression, both of which
are within the scope and spirit of the invention. For example, forward stepwise regression is a
step-by-step process of building a model by successive addition of predictor variables. At each
step, models with and without a potential predictor variable are compared, and the larger
model is accepted only if it leads to a significantly better fit to the data. Alternatively, backward
stepwise regression starts with a model with all predictors and removes terms that are not
statistically significant in terms of modeling a response variable.

[0024] Another statistical method that may be used to generate the model 314 may be an
absolute shrinkage and selection operator (LASSO) algorithm. Generally, a LASSO algorithm
minimizes the residual sum of squares subject to a constraint that the sum of the absolute
value of the coefficients is smaller than a constant. Still another statistical algorithm that may
be used to generate the model 314 is a M5 Prime (M5P) algorithm, which is a tree-based
regression algorithm that is effective in many domains. For example, whereas stepwise linear
regression produces a single global linear model for the data, tree based regression algorithms
perform logical tests on features to form a tree structure. Generally, the M5P algorithm utilizes
a linear regression model at each node of the tree, providing more specialized models. A
machine learning model that necessarily includes direction may also be used along with the
mean of the power ensemble group to determine entitlement (i.e., expectation of power). This
can be considered an improvement over previous methods that filter data to specific direction
sectors (which then form separate models for each sector). Other machine learning methods
that may be used to generate the model 314 may also include Gaussian Process Models,
Random Forest Models, Support Vector Machines, and/or a micro-service, which is discussed
in more detail herein.

[0025] Referring back to FIG. 4, as shown at (208), the method 200 also includes training (e.g.
via machine learning), via the controller 302, the computer-based model(s) 314 of the power
performance of the wind turbine 102 using annotated analytic outputs 316 relating to the power
performance of the wind turbine 102. Accordingly, referring back to FIG. 4, as shown at (210),
the method 200 includes estimating a power magnitude of the wind turbine 210 using the at
least one machine-learned computer-based model 314.

[0026] For example, in an embodiment, as shown in FIG. 5 at 318, the controller 302 is
configured to continuously train the computer-based model(s) by continuously determining the
power magnitude of the wind turbine 102 via the model 314. Thus, as shown at 320, a human
annotator can then classify each of the received power magnitudes from the model 314 as an
under performance, an over performance, or a standard performance and can also annotate
the received power magnitudes of the wind turbine 102, i.e. by correcting the received power
magnitudes. As used herein, annotation (e.g. annotated analytics) in machine learning
generally refers to a process of labelling data in a manner that can be recognized by machines
or computers. Furthermore, such annotation can be completed manually by humans as human
annotators generally better interpret subjectivity, intent, and ambiguity within the data. Thus,
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machines can learn from the annotated data by recognizing the human annotations over time.
In some cases, annotation can be learned by artificial intelligence and/or other algorithms,
such as semi-supervised learning or clustering, as well as any other suitable accurate labeling
process.

[0027] The annotated power magnitudes can then be fed into the model(s) 314 for training
and/or correcting. In certain instances, as shown at 322, the human annotator may also
determine a root cause analysis of the annotated power magnitudes of the wind turbine 102.
As shown at 316 and previously mentioned, the annotated power magnitudes (and/or the root
cause analysis of the annotated power magnitudes) may also be stored in a data set that can
be used to further update the model 314 and/or for future use.

[0028] In other words, the controller 302 may include a supervised machine learning algorithm
that can apply what has been learned in the past to new data using labeled data to predict
future performance (as shown at 324). Starting from the model build, the learning algorithm
produces an inferred function to make predictions about the output values. As such, the
controller 302 is able to provide targets for any new input after sufficient training. The learning
algorithm can also compare its output with the correct, intended output and find errors in order
to modify the model accordingly.

[0029] In a particular embodiment, as shown in FIG. 6, a schematic diagram of one
embodiment of an analytic micro-service architecture 400 according to the present disclosure
is illustrated. As shown, the analytic application program interface (API) 402 is configured to
send power performance model outputs 404 to the controller 302 which provides the
performance model outputs to the model 314. The model 314 then trains the data with new
labeled data. The model store 406 can be used to store the trained model, whereas the model
file 408 can be read from the model store 406 and loaded to generate predictions. Feedback
410 from field engineers allows the model 314 to be improved over time.

[0030] Accordingly, as shown in FIG. 4 at (212), the method 200 includes implementing a
control action when the power magnitude of the wind turbine 102 is outside of a selected range
(e.g. below a predetermined threshold or above a predetermined threshold). In one
embodiment, for example, the control action may include generating an alarm. It should be
understood that the control action as described herein may further encompass any suitable
command or constraint by the controller 302. For example, in several embodiments, the
control action may include temporarily de-rating or up-rating the wind turbine 102.

[0031] Up-rating or de-rating the wind turbine 102 may include speed up-rating or de-rating,
torque up-rating or de-rating or a combination of both. Further, as mentioned, the wind turbine
102 may be uprated or de-rated by pitching one or more of the rotor blades 22 about its pitch
axis 28. The wind turbine 10 may also be temporarily up-rated or de-rated by yawing the
nacelle 106 to change the angle of the nacelle 106 relative to the direction of the wind. In
further embodiments, the controller 302 may be configured to actuate one or more mechanical
brake(s) in order to reduce the rotational speed of the rotor blades 112. In still further
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embodiments, the controller 302 may be configured to perform any appropriate control action
known in the art. Further, the controller 302 may implement a combination of two or more
control actions.

[0032] In addition, in several embodiments, the method 200 may include determining an
uncertainty level associated with the power magnitude of the wind turbine 102 and displaying,
via a user interface 322 of the system 302, the uncertainty level. Uncertainty information can
be useful as fewer analytics may lead to more decision/recommendation uncertainty.

filtering the plurality of analytic outputs relating to the power performance.

[0033] According to the invention, analyzing the plurality of analytic outputs relating to power
performance of the wind turbine further comprises:

using at least one of principal component analysis or factorization to reduce a number of
dimensions in the plurality of analytic outputs.

[0034] In one example, analyzing the plurality of analytic outputs relating to power
performance of the wind turbine further comprises:

organizing, via the controller, the plurality of analytic outputs relating to the power performance
of the wind turbine into, at least, a first data set and a second data set, wherein the first data
set of the plurality of analytic data sets comprises data from a first length of time and the
second data set comprises data from a second length of time, the first length of time being
longer than the second length of time.

[0035] In one example, training the at least one computer-based model of the power
performance of the wind turbine using annotated analytic outputs relating to the power
performance of the wind turbine further comprises:

continuously receiving the power magnitude of the wind turbine;

classifying each of the received power magnitudes of the wind turbine as an under
performance, an over performance, or a standard performance;

annotating the received power magnitudes of the wind turbine; and

machine learning the at least one computer-based model of the power performance using the
annotated power magnitudes of the wind turbine.

[0036] In one example, training the at least one computer-based model of the power
performance of the wind turbine using annotated analytic outputs relating to the power
performance of the wind turbine further comprises:

performing a root cause analysis of the annotated the power magnitudes of the wind turbine;
and
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storing the root cause analysis of the power magnitudes of the wind turbine for future use.
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Fremgangsmade til styring af en vindmglle, hvor fremgangsméden omfatter at:
detektere (202), via en styreenhed, en flerhed af analytiske output, som er relateret
til effektydelsen af vindmgllen, fra en flerhed af forskellige analyser;
analysere (204), via styreenheden, af flerheden af analytiske output relateret ftil
effektydelsen af vindmgllen;
generere (206), via styreenheden, mindst én computerbaseret model af effektydelsen
af vindmgllen ved anvendelse af mindst en del af den analyserede flerhed af
analytiske output;
treene (208), via styreenheden, den mindst ene computerbaserede model af
effektydelsen af vindmgllen ved anvendelse af annoterede analytiske output, som er
relateret til effektydelsen af vindmgllen;
estimere (210) en effektstarrelse af vindmgllen ved anvendelse af den mindst ene
maskinleerte computerbaserede model;
og implementere (212) en styrehandling, ndr effektstgrrelsen af vindmallen er uden
for et udvalgt omrdde;
hvor analyseringen af flerheden af analytiske output, som er relateret til effektydelsen
af vindmgillen, yderligere omfatter at
anvende mindst én af hovedkomponentanalyse eller oplgsning i faktorer for at
reducere et antal dimensioner i flerheden af analytiske output.
og hvor flerheden af analytiske output, som er relateret til effektydelsen af
vindmgllen, omfatter mindst to af falgende: effektkurve med lavt produktionsforhold,

effektkurve med historisk forlgb, effektkurve med restveerdi eller effektensemble.

Fremgangsmade ifglge krav 1, hvor analyseringen af flerheden af analytiske output, som er
relateret til effektydelsen af vindmgllen, yderligere omfatter at:

filtrere flerheden af analytiske output, som er relateret til effektydelsen.

Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor analyseringen af
flerheden af analytiske output, som er relateret til effektydelsen af vindmgllen, yderligere
omfatter at:

organisere, via styreenheden, flerheden af analytiske output, som er relateret til

effektydelsen af vindmagllen, i mindst et fgrste datasaet og et andet datasast.
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Fremgangsmdde ifglge krav 3, hvor det forste datasat af flerheden af analytiske datasaet
omfatter data fra et farste tidsrum, og det andet datasaet omfatter data fra et andet tidsrum,

hvor det fagrste tidsrum er lzengere end det andet tidsrum.

Fremgangsmdde ifglge et hvilket som helst af de foregdende krav, hvor traeningen af den
mindst ene computerbaserede model af effektydelsen af vindmgllen ved anvendelse af
annoterede analytiske output yderligere omfatter at:

modtage effektstgrrelsen af vindmgllen kontinuerligt;

klassificere hver af de modtagne effektstgrrelser af vindmgllen som en underydelse,

en overydelse eller en standardydelse;

annotere de modtagne effektstgrrelser af vindmgllen; og at

maskinleere den mindst ene computerbaserede model af effektydelsen ved

anvendelse af de annoterede effektstagrrelser af vindmagllen.

Fremgangsmade ifglge krav 5, hvor traeningen af den mindst ene computerbaserede model
af effektydelsen af vindmgllen ved anvendelse af de annoterede analytiske output yderligere
omfatter at:

udfgre en grunddrsagsanalyse af de annoterede effektstgrrelser af vindmgllen,

Fremgangsmade ifglge krav 6, som yderligere omfatter at lagre grunddrsagsanalysen af de

annoterede effektstgrrelser til fremtidig brug.

Fremgangsmade ifglge et hvilket som helst af de foregdende krav, som yderligere omfatter
at bestemme et usikkerhedsniveau, som er forbundet med effektstgrrelsen af vindmgllen,

0g at vise, via en brugergraenseflade af styreenheden, usikkerhedsniveauet.

Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor den mindst ene

computerbaserede model omfatter en support-vektor-maskine.

Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor den mindst ene

computerbaserede model er en mikrotjeneste.

System til styring af en vindmglle, hvor systemet omfatter:
en flerhed af analyser til generering af en flerhed af analytiske output, som er

relateret til effektydelsen af vindmgllen;
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en styreenhed, som er kommunikativt koblet til flerheden af analyser, hvor
styreenheden er indrettet til at udfagre en flerhed af operationer, hvor flerheden af
operationer omfatter at:
modtage flerheden af analytiske output fra flerheden af analyser;
analysere flerheden af analytiske output, som er relateret til effektydelsen af
vindmgllen;
generere mindst én computerbaseret model af effektydelsen af vindmgllen
ved anvendelse af mindst en del af den analyserede flerhed af analytiske
output;
traene, via styreenheden, den mindst ene computerbaserede model af
effektydelsen af vindmgllen ved anvendelse af de annoterede analytiske
output, som er relateret til effektydelsen af vindmgllen;
estimere en effektstarrelse af vindmgllen ved anvendelse af den mindst ene
maskinleerte computerbaserede model; og at
implementere en styrehandling, ndr effektstgrrelsen af vindmgllen er uden
for et udvalgt omrdde;
hvor analyseringen af flerheden af analytiske output, som er relateret til
effektydelsen af vindmagllen, yderligere omfatter at:
anvende mindst én af hovedkomponentanalyse eller oplagsning i faktorer til at
reducere et antal dimensioner i flerheden af analytiske output;
hvor flerheden af analytiske output, som er relateret til effektydelsen af vindmgllen,
omfatter mindst to af falgende: effektkurve med lavt produktionsforhold, effektkurve

med historisk forlgb, effektkurve med restvaerdi eller effektensembile.

12. System ifglge krav 11, hvor analyse af flerheden af analytiske output, som er relateret til
effektydelsen af vindmgllen, yderligere omfatter at:

filtrere flerheden af analytiske output, som er relateret til driften af vindmgllen.
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