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Large-Scale Deployment of Wind Lidar

| [Theme | Working groups (active

Universal inflow characterisation (#1) Turbulence Intensity (TI) by Lidar

(#2) Lidar Assisted Control (LAC)

Replacing met masts (#3) Lidar in Complex Terrain

(#4) Lidarin Cold Climate

Connecting wind lidar (#5) Digitalization

(#7) Lidar Ontology

Accelerating offshore wind (#6) Scanning Lidar Offshore
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Objectives

Key questions

LiDAR data availability
- What are the reasons for the low data availability in cold climate regiol

- Is there a way to increase data availability in cold climate regions?

Meteorological icing detection
- Are LiDAR suitable to detect meteorological icing?

- Is it possible to estimate ice classes from LiDAR data?
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Bericht

Vergleichende Datenverfligbarkeit
von LiDAR-Messkampagnen

Analyse und Bewertung im Rahmen der
|IEA Wind Task 32 Forschungskooperation
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Understanding Pulsed Lidar Data Availability VAISALA

Simulating with Reanalysis Data and Boosting with Convolutional Neural Networks — p() 164
Andrevs BLACK, Laurie PONTREAU, Pierre ALLAIN, Frederic DELBOS, Morgane KERVAON, Mehdi MACHTA :
Vaisala France

e ]

s wind energy cevelopment accelerates worldwide. many more campaigns are using prafling and scanning lidar, and mere campaigns are occurring in lacations

with low serozal density ("Cean sir” or “cear sky”). Lidar backscatier signal quality depends an the presence of acrasals advecting in the wind: dlean air stes

recuce fidar range and data vailabiiity and can lead project Large wind fidar requires (1) smulstors that con
inbly predi (2) nevel techniques toi ility ta reducs energy yield assessment Here we present:

- New range data svailability simulator using sstelite and reanshysiz dats,

= Technique to masimize data oy with traditional algor oy and uncertainty, and

2 newlidar mnge 3 ique bazed on 3 neursl can recover jow CNR data

Data Avallahllrw and Range Estimator

availability of a lidar | ign? Successful
mlli lry of the sensors i your observation neswark i -u:.dm\l in allocating field enginesring resources, szing power supplies. and choasing the n;mgnmiw
Vaizalas Data WindCube i bazed on
mmnnl wezther and reanalyzis data ot the proposed mezsurement campaign site

Inswumental an:m
CNRGF) = munTl) o)
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Lidar device uncertainty, incepencent of
atmospheric sensitivities, can be derived by
messuring the uncertainties of LOS
measurements in the I:boﬁbnry using
Vaisala
Fiver Opics (SAFO] tzsbem:h, and then

propagating the meazured uncertainties |ing thi; description of lidar
throush the wind field reconstruction umcertainty, to maintain 0.4 mfs
algorithm, and combining the uncertainties

of N measurements in 3 W-minute period,
Following the GUM (1995}
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‘wwmilability in bankable campaigns.
MosquitoNet — a Deep Learning Range Booster
Vaisala has developed an eaperimental new filtering technique using a to perform semantic L0 time series images,

clazsifying pivel data inko categories “wind", “hard target” or ‘outher”. ing, the CNR threshold iz ~23 dB o 26 dB and wind speeds are
recalculated using only “wind” dats. Valiéation of bizses and Lnceriainties of these recaprured data iz ongeing.
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5-10% improvements in campaign availabiity. Desp le:rmn;\-inpedﬁhzrs an
boost availability by up to 40%
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Clear-air data availability

of continuous-wave scanning lidar
Nathan Smith , Jahn Medley, Chris Slinger, Matt Smith
A Lidars

Abstract

A wind licar operstes by transmitting 2 laser signal and measuring the light

Results: “Ground-based” lidar

Figure 2 grame of clear—zir 3

scattered by particles carried by the wind. The intersity of this
light = 3 function of the v v
have ial for higher sensitivity
than 3 pulsed idars by virtue of their greater photon flux and thei focus of the
2zer pawer 3t sach messurement height in saguerce.
Here into the ity of wind speed
mezsurement data in the clear-air, bow-backscatter conditions typical of high
Iztitudes (such 2x Scandinavia, Northern Canada) and high aititudes (European
Aigs. Rocky Mountains of the USA). Wind speed measunement Gata collected
hy ZephiR msmmmd and erhll! DM turbine-mounted lidars are used
and

T
P —— “canning W i systems.

T Lidars has access to 3 significant database of histarical lidar from around
the world. The data have been analysed saecfically to izolate dear-air
canditions in which the backscatter, characterized By the parameter Bim) (11, iz

featuring ing ZephiR 300 lidars.

Plat (2} s from an afishare deployment. Backscatter iz law for an off-shore
location but is still sigeficantly higher than the other campaigns. (NB- 3 mid-

p change lead 1o Gata =t lower heights |
Plat [5) i from & measurement campaign st an hitude of 1240 m in the Swiss
Bips. It shows the lawest backseatier values of the campaigns presented.
Plat [c] shows the Clear air backscatter distribution for 2 high latitude (637N}
campaign in Finland.

fo] kb’ g
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y low 3t all heighes
have been produced for 3 number of campaigns, for both ground-based and
furbine-mounted lidar. in 3 range of cear i locationz

The latest 2 TM turbine-mounted fidar from ZX Lidars is an evolution of the
previous Zephift DM and availability are
expected to be similar for both systems.

The 24 300 ground-bazed li
the ZephiR 300 system and et for dats avalsbiiy with the lephli! 300
syszem are not irectly appiicabie to'the ZX 300. To acdress this, 13 from the
UK (UK-RSTS) 2t Perzhare has been

\n nni!rm predict the éata avitability for 2 zx 300 lictar system in clear air 3t
the locations presented in Figure 2, the sctual deta availability for the ZX 300
in clear air { low backscatter conditions has been assezzed from the large
‘quantity of data that 7X Lidars have from the UK-RSTS.

Figure 3{s) shows the mean data availsbility in clear sir 25 2 function of back-
scatter. The vertical line indicates the theoretical minimum detectable level of
backscanter (6 % 10 m sr¥) given in [1]. Bins below 1 % 10 m* o have 3
low number of observations and hence higher uncertsinty.

ZX 300 algorithms and data svailability assessed as 3 function of backscatter
Data swailability for the 24 300 lidar in similar clearair conditions is predicted
for various locstions arsund the globe by cambining the histogram of
measured i iith the piot of ZX

function of ackscatter fram thr UK-RSTS.

NE: the ¢ figurez quated rep tage of valid
A-minute-aversged wind m:rd measurements during periods of clear-air
carditions aver the course of each measurement campaign.

Results: Turbine-mounted lidar

Figure 1, below, shows the i lidar

campsigns in dear-air emvironments, ane at high latizude (56" N) in northern

Finland and ane 2t high aititude {1800 mj in Colorzde, USA.

Plot (3} shows the two camasigns have similar backscatier profiles. sithough
Colarad has = at the lowest nsn:l Iev:k

Plot {b) evels

minate measurement data typically around 95%.
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plying y y the histograms of back-scatter
valuzes shawn in Figure 2 gives the prediced availabilities in Figure 3{b).
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Figure 3] shows that availability of the 24 300 in clear airis ztll over 30% at

the theoretical minimum cetectable backscatter, only cropping below 905 for
extremely low backscatter

The predicted dear-air availabilisies in Figare 3{b] for the ofizhore deplayment
ctay above 99% up to 200 m. At higher Iatitudes, the hackscatter evel i lower
and predicted availability drops to around 97%. While the backscatter level iz
cigificantiy lower at high altituc, predicted availabiity ic ot 98% £ 150m

Conclusions

Araisis of exising meaaurement daiz predics high deta avalabilic for the
T Lidars in th ing of clear-air

conditions from around the globe.
Dasa availability for the turbine-mounted ZX TM is expected to be comparable
to the 96% achieved with the ZephiR DM at high lattudes and aititudes.
Bnzilabilities of well over 95% are predicted for the ground-hased 7X 300 even
at high latitudes, with availability only expected to drop below 90% 2t

minhi

Such high sensitivity is particularfy relevant in spplications such as lidar-
assisted turbine control,
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Data availability - future

Plans for the next 12 months

- Compare data availabilities of lowland and highland measurement car
- Try to understand in which conditions data availability drops
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Icing detection - past

VA

7
Meteotest

Icing detection with LIDAR

March 28, 2023
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Icing detection - future

Plans for the next 12 months
- Deeper research about the CNR parameter = hints on the liquid wate ntéﬁ‘:c of the cloud
- Analysis more datasets
- Planning and realisation of measurement campaigns with met masts, cameras and LiDAR

- Presentation the results at Winterwind 2024
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Stand: 06-06-2023

IEA Wind TCP Task 52 (Wind Lidar)

Working group (4): Cold climate

Summary of the objectives:

The work of the group concentrates on two main objectives and tries to answer the following key questions:

. LiDAR data availability: What are the reasons for the low data availability in cold climate regions? Is there a way to increase data availability in cold climate
regions?

. Meteorological icing detection with LiDAR: Are LiDAR suitable to detect meteorological icing? Is it possible to estimate ice classes from LiDAR data?
Additional objectives might be added in the future.

Planned deliverables:
The expected deliverahles will be inthe form of technical notes or presentations (all to be published on Task 52 Zenodo site and LinkedIn). They will concern the
key questions described in the ohjectives.

Group approach:
The group will meet online every four weeks to discuss general progress. There may also be participation in face-to-face conferences.

Timeline:
The schedule is not strictly defined. Note that the activities build on the working group already established in Task 32, but new participants are very welcome.

Contact:
Sara Koller, Head of Wind&Ice at Meteotest, sara.koller@meteotest.ch

iea wind
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