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Summary 

In order to better understand the wind conditions at the North Sea for future 

offshore wind farms a Leosphere WindCube V2 LiDAR was originally installed at 

the Lichteiland Goeree (LEG) platform in 2014. Additionally in 2021 a disdrometer 

for comprehensive precipitation measurements as well as a camera system for 

monitoring of the Floating LiDAR System locations were installed. This report 

describes the Lichteiland Goeree (LEG) platform location, installation, configuration 

and data handling of the instrumentation. This report is an updated version of earlier 

released instrumentation reports.
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 1 Introduction 

1.1 Offshore wind energy deployment 

Europe aims to become the first carbon neutral continent by 2050. To reach this goal, 

wind energy will play a fundamental role in the roll-out of renewable electricity and in 

the success of the Energy Transition in Europe (A European Green Deal). The North 

Sea has become a centre for industrial exploration of this technology, and is key for 

future transformation of the industry, since over 70% of existing and planned 

European offshore wind farms will be located in this area. Recently, in May 2022 the 

Netherlands together with other three European countries, Denmark, Belgium and 

Germany has signed the Esbjerg Offshore Wind Declaration, agreeing to reach 

together an install capacity of 65 GW by 2030 and of 150GW by 2050 Reference [1]. 

 

The Offshore Wind Energy Act gives the government the option of issuing lots for the 

development of offshore wind farms. Recently the Dutch Government has planned to 

open 5 new areas for offshore wind farm development to accommodate these revised 

ambitions and targets [2], see Figure 1. 

 

 

Figure 1 Locations of existing and planned wind farms (grey) and new designated zones for 

offshore wind farms (orange) to reach 21.5 GW over the Dutch North Sea by 2030, 

updated in June 2022 [2].  
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 1.2 TNO leading role on offshore measuring campaigns 

Before the integration of LiDARs in offshore wind resource assessments, 

meteorological masts (met mast) have been widely used at TNO. Notable examples 

include the met mast IJmuiden (MMIJ), as well as the met mast at Offshore Wind 

farm Egmond aan Zee (OWEZ).  

Onshore measurement campaigns are also part of the activities of TNO for more than 

20 years, including independent ISO17025 and IECRE based measurements (Power 

performance/Mechanical loads/Meteorological measurements/Remote sensing 

device verification and floating LiDAR verification) to support wind turbine prototype 

certification from small (330 kW) to larger turbines (13MW). During the measurement 

campaign, TNO is responsible for the entire life cycle: from the installation plan at the 

platform; to the purchase and selection of the instrumentation, installation, analysing, 

reporting and dissemination of the data. 

Since 2014, TNO is performing for the Dutch Ministry of Economic Affairs and Climate 

Policy measurement campaigns with LiDARs at three strategically locations in the 

North Sea. These campaigns are part of the ‘2022 Wind Conditions @ North Sea” 

project to support the Dutch wind offshore roadmap. These three locations are: 

Lichteiland Goeree (LEG), Europlatform (EPL) and Wintershall platform K13a (Figure 

2). 

 

Figure 2 TNO locations of long term measurement campaigns for the wind resource at Lichteiland 

Goeree (LEG), Europlatform (EPL) and Wintershall platform K13a. 

 
This report focusses on the instrumentation on the Lichteiland Goeree (LEG) 
platform. Besides a description of the LEG platform (chapter 2) detailed information 
will be provided on the LIDAR measurements (chapter 3) and additional sensors on 
the platform (chapter 4).  
 



 

TNO PUBLIC 

TNO PUBLIC | TNO report | TNO 2022 R10766  6 / 24  

 1.3 Open-access and public datasets 

Since 2020 TNO has published annually reports on the wind conditions for each 

measurement campaign location. These reports are available at  

https://www.windopzee.net/en/. [7]  

https://www.windopzee.net/en/
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 2 Lichteiland Goeree 

At a distance of about 30 km south-west from Hoek van Holland the platform 

Lichteiland Goeree (LEG) is situated. The exact location of the platform can be 

seen in Figure 3. 

 

 

Figure 3 Location of the Lichteiland Goeree Platform 

The platform serves as a beacon for ships on the North Sea. Also, meteorological 

measurements and wave measurements are being performed on the platform. A 

picture of the platform can be seen in Figure 4. 

 

 

Figure 4 Lichteiland Goeree (LEG) 
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 Lichteiland Goeree is part of the North Sea Monitoring Network, whose purpose is 

to collect up-to-date information on the air and seawater. This meets the need for 

data of the meteorological and oceanographic conditions on the North Sea. The 

North Sea Monitoring Network consists of several permanent monitoring locations 

in and around the North Sea. Some of them are in the English section of the North 

Sea. 

 

Additionally TNO performs LiDAR and disdrometer measurements at Lichteiland 

Goeree. 

 

Location-specific information is provided in Table 1, [3,4]. 

Table 1 Location and tidal information for LEG 

Location (RD) 

Location (WGS 84) 

36 779 m, 438 793 m 

51°55.502’ N, 3°40.106’ E 

MSL 

Water depth 

LAT 

NAP + 0 cm 

25 m w.r.t. MSL 

MSL - 121 cm 
RD    rijksdriehoeksmeting (Dutch geodetic datum) 
WGS 84  world geodetic system 1984 
MSL   mean sea level 
NAP   normaal Amsterdams peil (Amsterdam ordnance datum) 
LAT   lowest astronomical tide 
 

The platform consists of a helicopter deck at a height of 22.6 m above MSL with an 

accommodation deck below. The floor of this accommodation deck is 18.1 m above 

MSL [5]. 

 

A top view of the platform can be seen in Figure 5 with the locations indicated for 

the LiDAR, the disdrometer and the camera, while Figure 6 shows the rear view. 
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Figure 5 Top view of Lichteiland Goeree, in orange the LiDAR location and in green the location 

for the disdrometer and camera are indicated. 

 

Figure 6 Rear view of Lichteiland Goeree, in orange the LiDAR location and in green the 

location for the disdrometer and camera are indicated. 
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 To perform wind speed measurements on the platform on higher altitudes (up to 

220m above sea level), TNO installed a Leosphere WindCube V2 LiDAR on the 

platform. 

 

Chapter 3.4 describes the selected measurement heights in more detail. 
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 3 TNO LiDAR measurement 

3.1 Leosphere WindCube V2 LiDAR 

The Leosphere WindCube V2 is a LiDAR instrument used for wind profile 

measurements which can measure up to 200 meter. The principle of the LiDAR is 

that it sends infrared pulses into the atmosphere. Four beams are sent successively 

in four defined directions along a 28° scanning cone. The laser pulses are 

backscattered by aerosol particles in the air (such as dust, water droplets, aerosol 

etc.) that move with the wind speed. The collected backscattered light contains 

information on wind speed and wind direction which can be calculated by using a 

Doppler induced laser wave length shift [6] . The LiDAR can measure up to 10 

different range gates allowing to measure wind speed and wind direction at 10 

different heights. 

 

Figure 7 shows the Leosphere WindCube V2, prepared on its mounting frame, 

before installation in 2014. The specifications of the Leosphere WindCube V2 can 

be found in Appendix A. 

 

The WindCube is a class 1M laser product and the system should be handled with 

caution. It is important not to stare directly into the beam with optical instruments 

like telescopes or binoculars. The laser beam is eye-safe according IEC EN 60825-

1, January 2008, see Appendix B. 

 

 

Figure 7 Leosphere WindCube V2, prepared on the mounting frame before installation in 2014. 
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 3.2 Installation 

In October 2014 a WindCube V2 LiDAR has been installed just below the safety net 

of the helicopter platform on the northwest side of the platform about 3 meters from 

the west corner, see Figure 5 and Figure 8. The LiDAR is installed at a RVS frame 

mounted below the helicopter deck see Figure 9. 

 

Figure 8 LiDAR installed below the safety net of the helicopter deck. 

 

 

Figure 9 LiDAR frame installed below the helicopter deck with the LiDAR below the safety net.  
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 Two cables from the computer room connect the LiDAR to 24VDC power and 

network. In the computer room a TNO data acquisition cabinet is located with on top 

a TNO VPN router, see Figure 10, to which the LiDAR is connected. 

3.3 Orientation 

The LiDAR has been oriented in such a way that the ‘North’ marker of the LiDAR is 

on the left side of the LiDAR as seen in Figure 8 (pointing away from the 

lighthouse). Looking at Figure 5, true north is diagonal to the platform in the north-

east direction in the drawing, this results in a directional offset of exact -135 ° which 

is configured in the LiDAR settings. 
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Figure 10 TNO data acquisition cabinet 

3.4 Measuring heights 

Based on the height of the LiDAR the relative measured LiDAR heights are 

corrected, in their signal names, to the absolute measurement heights related to 

reference level MSL(Mean Sea Level). The height correction based on the platform 

information in Chapter 2 is 22 meters. Table 2 gives an overview of the configured 

relative and absolute measurement heights to MSL. 

 

Table 2 LiDAR relative height configuration and absolute measurement heights to MSL 

No LiDAR height configuration measurement height (MSL) 

1 40 62 

2 68 90 

3 93 115 

4 118 140 

5 143 165 

6 168 190 

7 193 215 

8 218 240 

9 243 265 

10 268 290 
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 3.5 Data handling 

The WindCube V2 LiDAR delivers two data sets: the 10 minute statistical data (STA 

output file) and the 1 second data (RTD output file). 

 

For each altitude the measurements are grouped in 18 columns, see Figure 11, and 

each line in the STA file represents the averaged data acquired during the past 10 

minutes (for the given date and time). 

 

Figure 11 File format WindCube V2 STA file 

On a daily basis the data is transferred to a TNO server and imported into a 

database. Shortly after a “daily-plot” is automatically created and sent by email to 

the team members and the lead engineer will evaluate the “daily-plot”, see Figure 

12. If needed the lead engineer can perform a post-validation so that a specific data 

period is marked as invalid and no longer is visible. 

 

Leosphere has started using the vector averaged method in their recent Windcube 

v2.1 LiDARs. A Leosphere-provided tool [10] is used to produce vector-averaged 

10-minute statistics from the reference LiDAR measurements. These results are the 

primary statistics in the LEG database. 

 

Besides the TNO measurements, both KNMI and Rijkswaterstaat also perform 

measurements on Lichteiland Goeree. Those measurements can be divided in 
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 Meteorological Measurements (KNMI) and Oceanographic measurements 

(Rijkswaterstaat), summarized in Table 3. 

 

Table 3 Measurement Parameters from other organizations 

Parameter Meteorological 

(KNMI) 

Oceanographic 

(Rijkwaterstaat) 

Air pressure X  

Wind speed / Wind 

direction 

X  

Air temperature X  

Relative humidity X  

Visibility X  

Water level  X 

Water temperature  X 

Wave height  X 

Wave period  x 

 

The oceanographic parameters are measured with a Radac WaveGuide Radar F08 

free space type which is installed on the jacket construction 8 meter above M.S.L.  

 

The measurements are not carried out by TNO but they are important reference 

measurements. Together with the LiDAR data the availability and plausibility is 

checked on a daily basis. 

 

 

 

Figure 12 Daily-plot for Lichteiland Goeree measurement campaign 
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 3.6 Operational and maintenance aspects 

The Leosphere WindCube V2 was first installed on October 10th, 2014. According 

to TNO’s quality system the LiDAR is replaced every two years and will preferably 

be serviced every year although service visits have been challenging during the 

past two years due to Covid-19 related restrictions. All operational aspects with 

respect to installing and maintaining the LiDAR are recorded in the Logbook. 

 

In the following table, an overview is given of the used LiDAR’s and the period that 

they were operational. It should be noted that before the LiDAR is installed at the 

LEG platform it is first verified at the TNO RSD Verification Location near 

meteorological mast 6 at the EWTW test site in the Wieringermeer in the 

Netherlands [8,9]. 

Table 4 Overview of applied LiDARs @ LEG 

LiDAR TNO ID Period Reason for replacement 

127 DELI6014 2014-10-06 to 2015-04-10 Satellite communication 

258 DELI6112 2015-04-10 to 2015-09-28 GSM(communication improved) 

127 DELI6014 2015-09-28 to 2017-10-05 Periodically replacement 

577 DELI6115 2017-10-05 to 2019-10-24 Periodically replacement 

258 DELI6112 2019-10-24 to 2021-09-06 Periodically replacement 

127 DELI6014 2021-09-06 to ….  

 

Via a web interface the Leosphere WindCube V2 can be accessed and the status of 
components can be monitored, see Figure 13. 

 

 

Figure 13 Screenshot WindCube V2 web interface 
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 4 TNO Disdrometer installation 

Within the project PROWESS (PRecipitation atlas for Offshore Wind blade Erosion 

Support System) a laser disdrometer is installed at Lichteiland Goeree for a 

comprehensive measurement of all precipitation types. 

4.1 OTT Parsivel2 

The installed disdrometer is an OTT Parsivel2 measuring the following parameters, 

see Table 5. 

Table 5 OTT measuring parameter description  

Parameter description Unit 

Precipitation [yes(100%) / no(0%)] 

Type of precipitation, SYNOP table4680 OTT Parsivel2 SYNOP 

precipitation types, see Figure 15 

[#] 

Amount of precipitation [mm] 

The intensity of the rain [mm/h] 

The radar reflectivity [dBz] 

The visibility [m] 

Kinetic energy [J/m2h] 

Internal temperature [deg C] 

Signal amplitude [#] 

Number of particles detected and validated [#] 

Sensor status, 0=OK, 1 & 2 = glass is dirty, 3=laser damaged [0,1,2,3] 

Precipitation distribution over 32 particle diameter and 32 

particle velocity classes using the RawData 

[#] 
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Figure 14 Disdrometer and camera northwest of the lighthouse tower. 

Every minute the sensor sends a telegram containing all information as described 
above which is processed by the software in the data acquisition system.  
 
The precipitation is measured and distributed according 32 particle diameter and 32 
particle velocity classes as depicted in Figure 16. Every minute a telegram is 
generated containing  the 1024 values (matrix of 32 x 32). This telegram needs to 
be picked up by the data acquisition system. Instead of defining 1024 signals 
containing one value per minute being each one cell in the matrix,   we serialized 
the data of the matrix and ‘measure’ them sequential.  The data is measured as two 
signals  , one signal called ‘RawData’ which contains all the 1024 values separated 
by 50ms and second one  called ‘RawPointer’ signals specifying the position in the 
matrix.  
 
The matrix position is defined as follows: Position 1 corresponds with particle 
diameter class 1 and particle velocity class 1, then all following particle diameter 
classes are distributed over the first particle velocity class and then repeated for all 
particle velocity classes, see Figure 16. 
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Figure 15 OTT Parsivel2 SYNOP precipitation types 
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 Figure 16 OTT Parsivel2 precipitation diameter and velocity classes 

 

Figure 17 Matrix of 32 diameter x 32 velocity classes position number (“RawPointer” signal) 

4.2 Installation 

The disdrometer as well as the camera are installed at the railing northwest of the 

lighthouse tower, see  Figure 5 and Figure 14. The orientation of the disdrometer 

laser is perpendicular to the railing. Shadow effect as result of the lighthouse tower 

for the northeast to south sector is to be expected. 

From the TNO data acquisition system in the computer room, see Figure 10, two 

cables run, one for 24VDC power and one for RS485 communication, to a 

connection box at the inside of the camera mounting plate, see Figure 19, from 

where one cable is connected to the disdrometer. 

4.3 Data handling 

The disdrometer signals are measured by a measurement pc inside the TNO data 

acquisition cabinet. The measured data is stored in binary format and on a daily 

basis transferred to a TNO server. From there the data is imported into a database 

and automatically ‘daily-plots’ are created and sent by email to the project team 

members. The lead engineer checks the quality of the measured data using the 

‘daily-plots’. 

velocity 1 2 3 .. 32

1 1 2 3 .. 32

2 33 34 35 .. 64

3 65 66 67 .. 96

.. .. .. .. ..

32 993 994 995 .. 1024

diameter
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 5 TNO camera installation 

Apart from the LiDAR wind resource measurements the LiDAR at Lichteiland 

Goeree also functions as reference LiDAR for Floating LiDAR System (FLS) 

validation campaigns. The area northwest of the platform is divided in nine LOT’s, 

see Figure 18, where the Floating LiDAR systems can be installed for testing. 

 

Figure 18 LOT layout north west of the platform 

To be able to monitor the LOT location a camera is installed. The camera chosen 

for this purpose is an network PTZ(panning, tilt and zoom) camera from Bosch, the 

MIC7100i, see Appendix C for the datasheet. The camera is mounted near the 

disdrometer on a RVS mounting plate, at the railing northwest of the lighthouse 

tower, see Figure 5 and Figure 19. 
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Figure 19 Camera installed at a RVS mounting plate at the railing northwest of the lighthouse 

tower. 

From the TNO data acquisition system, see Figure 10, a network cable runs to the 

camera for network connection as well as power supply (PoE). 
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A WindCube V2 LiDAR specifications 

 

Figure 20 WindCube V2 LiDAR specifications sheet 
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B Declaration of eye safety compliance 

 

Figure 21 WindCube V2 laser declaration of eye safety compliance 
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C Bosch MIC7100i camera datasheet 

 

 
Figure 22 Bosch MIC7100i datasheet 1/4 
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Figure 23 Bosch MIC7100i datasheet 2/4 



Appendix C | 4/5 

 

 

 

 

TNO PUBLIC 

TNO PUBLIC | TNO report | TNO 2022 R10766  

 

 

Figure 24 Bosch MIC7100i datasheet 3/4 
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Figure 25 Bosch MIC7100i datasheet 4/4 

 


