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Introduction - Standard data quality control of measurement data

' — Manual/visual Flaggin
nggazzeg:fancy Calibrated data Descriptive chec{< of abnorr%gal gata
signals signals statistics statistical data signals

Disadvantages

» Time consuming process

» High measurement operational cost

» Impossible to check the high frequency measurements

> Lnow:;iclejl(iaate detection of measurement errors are not ;2%;%2%%27

» Extended measurement campaign DATA QUALITY AND ACCURACY
» Added uncertainty
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Project data - Research at Alpha Ventus (RAVE)

» The research Initiative RAVE carries out research and development work on the offshore test field alpha Ventus.

» RAVE is funded by the Federal Ministry for Economic Affairs and Energy (BMWi) and coordinated by the Fraunhofer Institute for

Wind Energy Systems (IWES).

» In more than 30 research projects, more than 60 partners from science and industry have been working on a wide range of

research questions since 2008.

» The financial support from the BMWi so far amounted to more than 50 million euros.

Wind Farm Outlook

» 45 Km North von Borkum
» 30 m water depth
» 12 Wind turbines
6 AREVA WIND M5000
6 Senvion 5M
» CAPEX : 250 Million Euros

> More than 10 years of measurement data
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Project data - Research at Alpha Ventus (RAVE)

/

Available Measurements

YV V V VY

Controller Signals

Acceleration sensors on the
tower and blades

Multiple strain guages on the
tower and blades

Wind measurements
Atmospheric measurements
Sea-State Measurements

Other critical structural
measurements

Other electrical signals
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General Background - Standard Visual check procedure

Plausibility Check

Tower tilt moment vs Electrical Power

Wind Speed vs Electrical Power Main shaft torsion vs Electrical Power

Conventional Procedure

> High frequency data is converted into 10-mins statistics
» Standard combination of signals are plotted to check for data plausibility

» When some abnormal behaviour (for example :outliers, drifts, offset etc.) is
identified, the particular data set is flagged.
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General Background - Automatic data quality control

Hig h freq uency Fla gg i ng Position Test Meaning Thresholds Description
Raw data Autc:r.'nanc dat? Cgl.lbra’ied abnormal data Type
signals quality contro 'ghals signals 1 Length | Reduceddata N % Data of length of some value N_,;
length deviating from N 100%
2 Flat Constant N/A All values the same (e.g. badif
Line Signal sensoris strain gauge,
(0 bj ective Ok/Check if machine data)
» Control the data collected from RAVE wind farm 3 Flat Partially Terit Constantvalues fora period of >
L . Line Constant I..; Seconds(e.g. signal dropouts)
» Plausibility check on raw signals (0.2 to 50 HZ
. | 4 Pre- Measurement | > ( x;> X.;) >0 At least one value outside the
Signa S) defined Range measurementrange (e.g. =10 V)
» Automating the control and flagging process Limits
> Independent to sensor and measurement System 5 Spike Spikeevents Nerit Number of spikes foundin signal
exceeded exceeds critical value.
> Mlnlmal InDUt parameters (RObUSt mOdel) 6 Spike Low Ferit Despiked signal poorly correlated
» Save time and ope rational cost Correlation with uncorrected signal.
> H | g h q ua | Ity data fO r fUtU re a p p| | cati ons 7 Visual/ Qualitative N/A Data asses-sed n-'lanu-ally (e.g.
Qualitat assessment poor correlation with wind speed).
ive
8-16 - Spare- Furthertestsincluded here.
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Automatic data quality control — Case Study
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Automatic data quality control — Result outiook
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Automatic data quality control — Result outiook
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Future works

With help of Machine Learning.....
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Training Learning
data Algorithm
Manually
cleaned

historical data

No

Deep Neural Networks

Undetected errors in data (offset, drifting of sensors...)
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https://www.bsh.de/DE/PUBLIKATIONEN/_Anlagen/Downloads/Projekte/RAVE/RAVE-quality-control-of-RAVE.html

Thanks for your attention

Any Questions ?

Anish Venu
Anish.venu@dnvgl.com

www.dnvgl.com
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