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Abstract 
This report describes the “as-built” instrumentation of the Offshore meteorological station, lo-

cated 85 km from the coast of IJmuiden.  

In this report the following is appointed: 

• description of the mast 

• signal list 

• the as-built instrumentation, including specifications of sensors and their locations 

• the wave buoy 
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Summary 

This report describes the “as-built” instrumentation of the offshore meteorological station lo-
cated 85 km from the IJmuiden coast (in the following denoted as MMIJ). The instrumentation 

is intended to measure a number of meteorological quantities.   

In this report the following is appointed: 

• description of the mast 

• signal list 

• the as-built instrumentation, including specifications of sensors and their locations 

• the wave buoy 
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1. Introduction 

On the authority of the Ministry of Economic Affairs, Agriculture and Innovation of The 
Netherlands, ECN is performing measurements on the offshore meteorological station IJmuiden 

(in the following denoted as MMIJ), situated 85 km from the coast of IJmuiden. These 

measurements will run for 4 years, and all measured data will be made publicly available. 
 

The station consists of a platform with a control room, a meteorological mast (Metmast), and a 

wave buoy that has been deployed close to the mast. 

This document describes the as-built instrumentation that is being used for the measurements, 

and is built-up as follows: 

Chapter 2 gives general information of the meteorological station and the measurement system.  

Chapter 3 discusses the signals that are being measured.  

Chapter 4 gives a description of the hardware installed on the station. 

Chapter 5 discusses data handling. 

Chapter 6 discusses the signal calibration. 

Chapter 7 describes the calculation of pseudo-signals.  
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2. Test Environment and provisions 

2.1 Test site 

The offshore meteorological station is located 85 km from the coast of IJmuiden, coordinates 

N52°50.89’ E3°26.14’. The water depth on site is about 28 meters. The location is depicted in     
Figure 2.1. 

 

 
    Figure 2.1: Location of the offshore meteorological station 

 

2.2 Platform 

On a monopile, a platform has been built with a size of approximately 12 x 10.5 meters. On the 

platform a control room and the meteorological mast are present. The platform height is 18 me-

ter above LAT. The top of the met mast is 92 meters above LAT.  

On the container and in the mast 10 solar panels and 8 small wind turbines are installed to pro-

vide power for the measurement system and all safety lights / communication systems. In the 
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container two diesel generators are installed to provide power in case the solar panels and the 

wind turbines do not provide enough power to keep all systems running. 

The platform is accessible by means of a ladder from the boat-landing provision. Above the lad-

der a hatch provides access to the platform. The hatch is locked to prevent unauthorized access 
to the platform. 

2.3 Met-mast 

The met-mast is placed on top of the platform, next to the container. A picture of the offshore 
meteorological station can be seen in Figure 2.2. 

 

 

Figure 2.2: The offshore meteorological station 

 

The orientation of the platform, the mast and the container can be seen in Figure 2.3. 
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Figure 2.3: platform & mast orientation 

 

2.4 Booms 

On heights of 25.5 meter, 57 meter and 86.5 meter, booms have been installed on the mast in 

three directions, pointing outward from each face of the mast. In the signal list (listed in Appen-

dix A), we call the booms the  0, 120 and 240 degree booms, although this is not quite right. The 
platform is oriented almost according Figure 2.3, in reality the 15 degree angle is 13.5 degrees. 

So the 0 degree boom points in a 46.5 degree direction, the 120 degree boom points in a 166.5 

degree direction, and the 240 degree boom points in a 286.5 degree direction.  
All measurement data will be corrected for this, so that the delivered data will contain true wind 

directions. 

2.5 Sensor locations 

In the metmast and on the container roof sensors have been installed to measure wind speed, 

wind direction, air pressure, air temperature and relative humidity. Table 1 shows the location of 

all installed sensors, together with their output signals, working down from the top of the mast. 
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Table 1: Sensor locations and signals 
 

Besides these sensors, a Lidar has been installed for wind speed and wind direction measure-

ments above metmast level, as well as a wave buoy for wave height and current measurements.  

 

Datasheets of all sensors can be found in Appendix F. 

 



 

16 of 64  ECN-Wind Memo-12-010 

2.6 Sensor mounting 

To minimize mast influence on the measurements, the wind speed and wind direction sensors 

have been mounted on vertical spigots mounted on the booms. Table 2 shows the distance of the 

sensor to the mast and the length of the vertical spigot each sensor has been mounted on. The 

boom lengths on the anemometer locations is about 3 times the face width of the mast at that 

position. 

 
The top level anemometers have been mounted on vertical spigots so that the anemometers are 

1.5 m above the top of the mast. 

 

 
Table 2: Sensor mounting data 

 

The air pressure, air temperature and relative humidity sensors have been mounted close to the 

mast so that they can be reached easily for maintenance. 

 

The 21 meter level sensors (2 x Thies laser precipitation sensor, air temperature sensor, relative 
humidity sensor, air pressure sensor) have been mounted on the railing of the container roof. 
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3. Definition of Signals 

3.1 Metmast signals 

For the mast and platform level sensors, the list of measured signals is shown in Table 3. The 

signal list can also be found in Appendix A. 
 

 
Table 3: Metmast signals 
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From the measured metmast signals, so-called pseudo-signals are calculated which are also 

stored. A list of pseudo-signals is shown in Table 4. 

 

 
Table 4: List of pseudo signals 

 

For a detailed description of these pseudo-signals, see Chapter 7. 

 

 

3.2 Signal name convention 

Although the names of the signals look complicated at first glance, the signal names have been 
built-up in a way that they give as much information as possible, so that the reader does not 

need to start searching where the signal is being measured. 

The signal names have been built-up as follows : 
 

MMIJ_HxxBxxx_SignalType_Quality 

 

Where: 

 

MMIJ_  Indicates that the signal is coming from the Meteo Mast IJmuiden 
Hxx  Indicates the height (in meters) on which the signal is being measured 

Bxxx Indicates the bearing of the signal with respect to the mast. Note that there are 

booms on 0, 120 and 240 degrees (which are actually 46.5, 166.5 and 286.5 de-
grees), and two anemometers on the mast’s legs, which we give a 180 and 300 

degree bearing. 

SignalType Indicates the kind of signal being measured, like Ws for wind speed, Wd for 
wind direction, etc. The types are explained in the signal lists. 

Quality Indicates the signal Quality. Signal Quality can be numbered from Q1 to Q5, 

with the following meanings: 

Q1 - ISO 17025 approved signal quality, in accordance with IEC61400-12 

Q2 - Signal measured under QA of another MEASNET member 

Q3 - Signal measured under external QA, checked by ECN or other 

MEASNET member. 
Q4 - Signal measured under external QA, but not checked. 

Q5 -  Signal not calibrated or calibration not checked 
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3.3 Lidar wind speed measurement 

On a height of 20.88 above LAT, a Lidar system has been installed on a platform in the met-

mast. The Lidar has been installed in the South-West corner of the mast, with its North mark in 

the 46.5 degree direction. A picture of the installed Lidar is shown in Figure 4.4. The Lidar has 

been installed in a way that it has enough free sight to perform wind speed measurements, and 

measures the wind speed and wind direction on heights of 90, 115, 140, 165, 190, 215, 240, 

265, 290 and 315 meter above LAT. The Lidar provides some general signals and a list of 
measuring signals for each measuring height. The total list of signals coming from the Lidar is 

shown in figure Table 5. 

 

 

Table 5: List of Lidar signals 
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3.4 Wave and current measurement 

 

To measure wave and current data, a Triaxys wave buoy has been placed in the water near the 

met-mast. The Triaxys measures the signals that are listed in Table 6. The wave buoy sends 

these signals by means of an Iridium connection once every hour. 

 

 

Table 6: List of Wave buoy signals 
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4. Instrumentation 

4.1 Met Mast Equipment 

In the metmast a number of sensors have been installed to measure wind speed, wind direction, 

air pressure, air temperature and relative humidity. Besides that, some sensors have been in-
stalled on the top of the container, measuring air pressure, air temperature, relative humidity and 

precipitation. In Figure 4.1 an overview of the measuring system used for the measurements in 

the metmast is shown. 
 

 
Figure 4.1: Overview of met-mast measuring system 
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4.1.1 Mast connection boxes 

In the met-mast three connection boxes have been installed, each as near as possible to a mea-

surement level. All sensor cables at the corresponding measurement level are routed to this cab-

inet. In the cabinet over-voltage protection units have been installed to protect the installation 

against over-voltage in case one of the sensors is hit by lightning.. 

In the cabinet the sensor cables are connected to one multi-core cable, that runs down to the 

container connection box. 

4.1.2 Container connection box 

In the container connection box over-voltage protection units have been installed to protect the 

measuring system against over-voltage in case of lightning somewhere in the met-mast. In the 

cabinet the multi-core cable entering the container connection box is connected to single signal 

cables each connecting one signal to a measuring system. 

4.1.3 Frontends 

The measuring systems used are so-called Dante frontends. These frontends are modular mea-

suring systems. For each sensor to be measured, a module can be inserted in the frontend to 

supply the sensor with power and to collect its measuring data. Up to 16 modules can be in-

stalled in one frontend. A detailed description of the frontends systems can be found in Appen-

dix C. 
The signals have been distributed among the frontends in such a way that upon failure of one 

frontend only one boom per level will fail, leaving 2 functioning measuring booms per level. 

The configuration of the DANTE frontends is depicted in Appendix E. 
 

In the frontends several types of modules are used, which are described in Appendix C. The 

calibration values in the modules are set in such a way that the signals are represented in the 
units given in Appendix A.  

4.1.4 PC cabinet 

In the container a Rittal 19” cabinet (see F.12) has been placed in which the following equip-
ment has been installed: 

• The measurement PC’s 

• The network clock 

• The communication system transmitter 

• The Ethernet switch 

• The remote I/O controller 
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4.1.5 Measurement PC’s 

Two industrial PC’s are installed in the PC cabinet, measuring all signals in parallel. The com-

puters used are industrial PC’s (Siemens IPC627C). A datasheet of the PC’s can be found in 

F.10. 

Each PC contains two independent hard disks on which the measurement data is written. 

4.1.6 Network 

The Dante frontends are connected to an Ethernet network across which the frontends send the 
measured data to the measurement PC’s. In the network, the following devices have been con-

nected, each with their own IP address : 

 

 
Table 7: List of used IP adresses 

 
Some of the devices need some extra explanation: 

 

4.1.6.1 Network clock 

The network clock is a GPS clock, set to UTC time. The clock sends the actual UTC time across 

the network every second. The frontends and the measurement PC’s use this clock to synchron-
ize all measured data within 20 milliseconds. 

4.1.6.2 Remote I/O controller 

The Remote I/O controller is a device with a WEB interface, housing 8 relays that can be 

switched on and off remotely. The system is used to allow us to switch the following groups of 

devices on or off : 

• The 3 Frontends, together with the sensors powered from the frontends 

• The met-mast (cabinet heating, sonic anemometers and Disdro precipitation sensors) 

• Measurement PC 1 

• Measurement PC 2 

 

This way we are able to reset all devices remotely, if necessary. A drawing of the connections of 

the remote I/O controller can be found in Appendix B.  
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In the table below the I/O controller outputs are listed, together with their function. 

 

I/O output Position Function 

   

Do 0 Off Frontends On 

Do 0 On Frontends Off 

Do 1 Off Met-mast sensors & cabinet heaters On 

Do 1 On Met-mast sensors & cabinet heaters Off 

Do 2 Off Not used 

Do 2 On Not used 

Do 3 Off Not used 

Do 3 On Not used 

Do 4 Off Bi-stable relay PC 1 Off-side inactive 

Do 4 On PC 1 Off-side activated 

Do 5 Off Bi-stable relay PC 1 On-side inactive 

Do 5 On PC 1 On-side activated 

Do 6 Off Bi-stable relay PC 2 Off-side inactive 

Do 6 On PC 2 Off-side activated 

Do 7 Off Bi-stable relay PC 2 On-side inactive 

Do 7 On PC 2 On-side activated 

 

For switching the measurement PC’s bi-stable relays have been used. This way, a measurement 

PC can be switched on or off and its state will not be influenced by a reset of the I/O controller. 
That means that in case of a power failure, the measurement PC’s will return to their On/Off 

state they had before the power failure after the power failure has been solved. 

The bi-stable relays have two coils: one coil to move the relay to the “On” side, one coil to 
move the relay to the “Off”-side. It is not wise to activate both coils at the same time, so care 

should be taken when operating these relays. Therefore, switching a PC off or on needs to be 

done in the following switch order (example switches PC 1 Off and On): 
 

Do 4  Off  Bi-stable relay Off-side not activated. 

Do 5  Off  Bi-stable relay On-side not activated. 

Do 4  On  Bi-stable relay Off-side activated: PC 1 switches Off 

Do 4 Off  Bi-stable relay Off side not activated. 

Do 5  On  Bi-stable relay On-side activated: PC 1 switches On 

Do 5  Off  Bi-stable relay On-side not activated. 
 

Note that the other devices’ relays are normal relays, which will be inactivated after a reset of 

the I/O controller. Therefore the other devices will all be ON after a reset of the I/O controller. 
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4.1.7 Power supply 

To power all devices, a 24 Volt power supply is supplied by SSC Montage. From SSC montage 

we receive three 24 Volt power cables, which can all be powered down under certain circum-

stances. 

A schematic drawing of the 24V power supply cabling is shown in Figure 4.2. 

 

 
Figure 4.2: Overview power cabling 
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The three 24V power cables have the following functions: 

 

1. A power cable to supply the communication system 

This 24 Volt supply has been routed directly from SSC power supply to the communication 
system. The line will be ‘up’ as long as possible. Even when the battery power would drop 

to a level on which all measuring systems are powered down this line will be kept on 24 

Volt (if possible). 
 

2. A power cable to supply the Lidar system 

This 24 Volt power cable is routed directly from the SSC power supply to the Lidar system. 
In case the battery voltage would drop below a certain level, the Lidar is the first system to 

be powered down. 

 

3. A power cable to supply all other measuring equipment 

This 24 Volt cable is routed from the SSC power supply to the PC cabinet. In the PC cabi-

net, the cable has been split up to power the following devices separately, so they can be 
switched on or off independently using the remote I/O controller: 

o The 3 Frontends, together with the sensors powered from the frontends 

o The metmast (cabinet heating, sonic anemometers, Disdro precipitation sensors) 
o Measurement PC 1 

o Measurement PC 2 
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4.1.8  Lidar Wind speed measurement system 

On a platform on a height of 2.40 meter in the mast, a Zephir 300 Lidar system has been in-

stalled to perform wind speed measurements on levels above the metmast. The Lidar has been 

oriented so that its North marker points to 46.5 degrees. A datasheet of the Lidar system can be 

found in F.7. To power the Lidar, it needs a voltage of 12 Volts. As the power cable coming 

from SSC is a 24 Volt cable, a DC/DC converter has been placed close to the Lidar to convert 

the 24 Volts to the required 12 Volts. 

 

The Lidar system measures the wind speed using a rotating laser beam pointing upward in a 15 

degree angle with respect to the vertical (see Figure 4.3) . The cone angle is thus 30 degrees. 
 

 

 
 

 

 
Figure 4.3: Zephir 300 Lidar system 

 

The reason to choose this Lidar system is that it is able to detect where the laser beam hits ob-
stacles and remove these measuring points from the results. As the Lidar has been built into the 

met-mast (see Figure 4.4), the beam will see quite some obstacles when moving around.  
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Figure 4.4: Top view of Lidar system installed in met-mast 

 

 

Enough data is left, though, to measure the wind speed on heights of 90, 115, 140, 165, 190, 

215, 240, 265, 290 and 315 meter above LAT. Figure 4.5 shows an extract of the Lidar data 
measured on 2012-01-11. Note that the heights shown here are the measuring heights as seen 

from the Lidar, not according LAT. 

 

 
Figure 4.5: Example of Lidar wind speed data (2012-01-11). 
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The Lidar has been connected to the Ethernet network in the container. The measurement PC’s 

extract the data from the Lidar and include the Lidar data in the data package that will be sent to 

ECN at night. 

4.2 Triaxys wave and current measuring system 

Close to the met-mast, a Triaxys wave and current buoy has been deployed (see Figure 4.6).  

 

 
Figure 4.6: Triaxys wave buoy 
 

The wave buoy measures wave- and current data. A datasheet of the Triaxys wave buoy can be 

found in F.8.  

A complete list of the signals measured by the wave buoy can be found in Appendix A. 

The wave buoy is powered using solar panels under the transparent waterproof dome. An Irid-

ium connection is used to send the measured data to ECN, where the data is imported in the da-
tabase as soon as it arrives. 

 

 
 

 



 

30 of 64  ECN-Wind Memo-12-010 

5. Data handling 

5.1 Local data storage 

Each measurement PC stores the measured data on an internal hard disk, and a copy on a second 

hard disk. For each day, the measurement data takes about 80 MB of disk space. The 250 GB 
data disks have more than enough space to store measurement data of 5 years of measurements. 

5.2 Data transfer 

On the measurement PC’s a script is running, doing the following each night at 02:00: 

• Transfer the data from the Lidar to the PC 

• Collect all met-mast data of the previous full day 

• Store the Lidar and met-mast data together in one zip file 

 

At ECN, a script is started at 02:15 each night, doing the following: 

• Transfer the data from one of the measurement PC’s to ECN across the satellite connection. 

• Extract the data from the zip file, and store the metmast data separated from the Lidar data 

on the database server. 

5.3 Import in ECN database system  

Each night at 05:00, the database system imports all transferred data and calculates the pseudo-

signals and statistical values, providing the 10-minute average, standard deviation, minimum 

and maximum values. 
Back-up facility is foreseen by daily back-up of the measurement data on a server at ECN in 

Petten. 

5.4 Data validation 

The validity of data is a vitally important aspect of the system. Unfortunately, while measuring 

many things can go wrong. Some of these problems are detected by self-diagnosis and a flag is 

set for that data by the data acquisition system, but others may go by undetected. The first 
source of erroneous data is incomplete ten-minute intervals; these files are invalid. Then, still, 

some data may be wrong for which an analyst must minutely run through the data and make the 

so-called post-validation by hand. Validation covers entire ten-minute time series.  

Summarizing: two levels of validation are identified: 

• Auto-validation is done by the data acquisition system itself. It is based on status signals 

from the hardware plus range-checks of the variables. 

• Post-validation is performed manually. 
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6. Signal Calibration 

6.1 Sensor calibration 

All sensors on the met-mast, excluding the Thies Disdro laser precipitation monitors, are cali-
brated according ISO 17025. The calibration sheets are all available at the ECN Wind Energy 

laboratory. As there is no way to calibrate the Thies laser precipitation monitors according ISO 

17025, we only have a functional test sheet for these sensors. Therefore, their signals have the 
Q5 quality level (see § 3.2). 

6.2 Module calibration 

All used Dante modules have been calibrated according ISO 17025. The calibration sheets are 

all available at the ECN Wind Energy laboratory. 

6.3 Wind vane alignment 

To measure the wind directions accurately, the alignment of the wind vanes after installation is 
important. For this alignment, ECN Wind Energy uses the following procedure: 

 

The sensor is being mounted on its location, with the sensor aligned in the correct wind direc-
tion visually. 

With the boom still raised, the wind vane is held in position with a special clamp, so that it 

points exactly towards the anemometer that is mounted at the end of the boom (see Figure 6.1). 
The wind direction measured by the measuring system at that moment, denoted as Wr, is written 

down. 

 
Figure 6.1 Aligning the wind vane on the boom 
 

As the direction of the boom is well known, it is possible to calculate an offset for the wind vane 

by subtracting the measured value Wr from the boom direction : 

offset = Boom direction - Wr (measured with clamp) 

This offset is entered in the ECN measuring system, after which the wind direction is measured 

correctly. Using a mod 360 function in the measuring system prevents the measured wind direc-

tion from becoming lower than 0 or higher than 360 degrees. 
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7. Pseudo Signal Calculation 

From the measured signals, a number of calculated signals are calculated. We call these signals 
‘pseudo’-signals. The pseudo-signals are listed in Table 8. In this chapter the way the pseudo-

signals are calculated will be explained. 

 

 
Table 8: List of pseudo signals 

 

7.1 Air density 

Signals :  MMIJ_H90_AirDensity_Q1, MMIJ_H21_AirDensity_Q1 

Unit: kg/m
3
 

 
The air density is calculated from the air pressure and air temperature measured at the same 

heights :  

 
MMIJ_Hxx_AirDensity_Q1 = (MMIJ_Hxx_Pair_Q1 * 100) / (287.05*(MMIJ_Hxx_Tair_Q1 + 273.15)) 

 

7.2 True Wind Direction 

Signals : MMIJ_H87_Wd_Q1, MMIJ_H58_Wd_Q1, MMIJ_H27_Wd_Q1 

Unit : deg 

 

The wind direction is measured on each height with 3 wind vanes. For each wind direction, one 
or two wind vanes measure a correct wind direction, while one or two wind vanes are disturbed 

by mast influence. 

From the three measured wind directions, the true wind direction is determined as follows : 

 

Looking at the measured values of the three wind vanes, one wind vane measures the lowest 

value, one will measure the middle value, one will measure the highest value. From the three 

values, we pick the middle one, and we call this the MWD (Middle Wind Direction). 
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Now we do the following to calculate the True Wind Direction (TWD): 

 

If ( MWD > 16.5 and MWD <= 76.5) or (MWD >196.5 and MWD <= 256.5) then 

 TWD = (MMIJ_HxxB120_Wd_Q1 + MMIJ_HxxB240_Wd_Q1) / 2 
Else 

 IF ( MWD > 76.5 and MWD <= 136.5) or (MWD > 256.5 and MWD <=316.5) then 

  TWD = (MMIJ_HxxB0_Wd_Q1 + MMIJ_HxxB120_Wd_Q1) / 2 
 Else 

  TWD = (MMIJ_HxxB0_Wd_Q1 + MMIJ_HxxB240_Wd_Q1) / 2 

 Endif 
Endif 

 

Figure 7.1 shows a top view of the mast booms and will clarify this a little more: 

 

 
Figure 7.1: Determining the True Wind Direction 

 

 

If the Middle Wind Direction (MWD) is from the red zones, the True Wind Direction (TWD) is 
the average between the measured wind directions from wind vane HxxB120 and HxxB240 . 

 

If the Middle Wind Direction (MWD) is from the blue zones, the True Wind Direction (TWD) 
is the average between the measured wind directions from wind vane HxxB0 and HxxB120 . 

 

If the Middle Wind Direction (MWD) is from the green zones, the True Wind Direction (TWD) 

is the average between the measured wind directions from wind vane HxxB0 and HxxB240 . 
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7.3 Horizontal Wind Speed Sonic Anemometer 

Signals : MMIJ_H85B0_WsHor_Q1, MMIJ_H85B120_WsHor_Q1, MMIJ_H85B240_WsHor_Q1 

Unit :  m/s 

 

The sonic anemometers measure the wind speed in 3 independent directions: the X, Y and Z 

axes, where the X and Y axes are in the horizontal plane and the Z direction is upwards. To cal-

culate the horizontal wind speed the following formula is used : 
 

WsHor = SQRT( (MMIJ_H85Bxxx_WsXSon_Q1)^2 + (MMIJ_H85Bxxx_WsYSon_Q1)^2 ) 

 

Where xxx specifies the bearing of the sonic anemometer. 

 

7.4 Wind Speed magnitude Sonic Anemometer 

Signals : MMIJ_H85B0_WsMag_Q1, MMIJ_H85B120_WsMag_Q1, MMIJ_H85B240_WsMag_Q1 

Unit :  m/s 

 

The sonic anemometers measure the wind speed in 3 independent directions: the X, Y and Z 

axes, where the X and Y axes are in the horizontal plane and the Z direction is upwards. To cal-
culate the wind speed magnitude (the actually measured 3D wind speed) the following formula 

is used : 

 
WsMag =  

SQRT( (MMIJ_H85Bxxx_WsXSon_Q1)^2 + (MMIJ_H85Bxxx_WsYSon_Q1)^2 + (MMIJ_H85Bxxx_WsZSon_Q1)^2 ) 

 

7.5 True Wind Speed 

Signals : MMIJ_H85_Ws_Q1, MMIJ_H58_Ws_Q1, MMIJ_H27_Ws_Q1 

Unit : deg 

 

The wind speed is measured on each height with 3 cup anemometers or sonic anemometers. For 
each wind direction, one or two anemometers measure a correct wind speed, while one or two 

anemometers are disturbed by mast influence. 

From the three measured wind speeds and the calculated True Wind Direction (see §7.2) on the 
same level, the True Wind Speed (TWS) is determined as follows : 

 

If ( TWD > 46.5 and TWD <= 166.5 ) then 

 TWS = (MMIJ_HxxB0_Ws_Q1 + MMIJ_HxxB120_Ws_Q1) / 2 

Else 

 If ( TWD > 166.5 and TWD < 286.5 ) Then 
  TWS = (MMIJ_HxxB120_Ws_Q1 + MMIJ_HxxB240_Ws_Q1) / 2 

 Else 

  TWS = (MMIJ_HxxB0_Ws_Q1 + MMIJ_HxxB240_Ws_Q1) / 2 
 Endif 

Endif 
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Figure 7.2 shows this in a picture: 

 

 
Figure 7.2: Determining True Wind Speed 

 

 

If the True Wind Direction (TWD) is from the red zone, the True Wind Speed (TWS) is the av-

erage between the measured wind speeds from anemometer HxxB0 and HxxB120 . 

 

If the True Wind Direction (TWD) is from the blue zone, the True Wind Speed (TWS) is the 

average between the measured wind speeds from anemometer HxxB120 and HxxB240 . 
 

If the True Wind Direction (TWD) is from the green zone, the True Wind Speed (TWS) is the 

average between the measured wind speeds from anemometer HxxB0 and HxxB240 . 
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Appendix A : Signal list 
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ECN-Wind Memo-12-010  39 of 64 
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Appendix B : I/O controller connections 
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Appendix C : Measuring system specification 

ECN distributed data-acquisition system

Introduction

ECN has developed a new, distributed data-acquisition 

system to carry out experimental work at wind turbines 

for R&D and design verification measurements. 

The result is a very rugged yet highly flexible system, 

suitable for measurements in harsh environments like 

(offshore) wind farms.

The system uses a separate signal-conditioning and

analog-to-digital conversion module for each connected 

sensor.

Specifications :

Sample rate of 128 Hz max.; for each of max. 512  

channels.

12 bit resolution

Modules for strain gauges, voltage, current,                    

frequency, the ECN telemetric system for rotor 

signals, quadrature input, etc.

Custom-made modules for special (digital) sensors

Isolated inputs and power supply for all inputs

The system fully complies to the industrial immunity 

standard EN 50082-2 according to :

- EN 61000-4-2 (electrostatic discharge test)

- EN 61000-4-5 (surge test)

- EN 61000-4-3 (radiated RF test)

*

*

*

*

*

*

ECN front-end system

Inside the front-end system

Signal conditioning & Analog-to-digital conversion module

ECN Contacts

H.B. Hendriks, Head of  the greup Experiments,            

unit ECN Wind Energy, tel. +31 224 564900; 

h.hendriks@ecn.nl

E.J. Werkhoven, instrumentation engineer in Group 

Experiments, unit ECN Wind Energy,  

tel. +31224564277;  werkhoven@ecn.nl

Postal address :

ECN Wind energy

P.O. Box 1, 

1755 ZG Petten, 

The Netherlands

Visiting address :

ECN Wind energy

Westerduinweg 3, 

1755 LE  Petten, 

The Netherlands

ECN is a member of MEASNET
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The ECN data-acquisition system in use

Installation of the distributed ECN data-acquisition 

system is quite simple. At each physical location 

where sensors must be installed, a front-end system 

will be placed, e.g. in the turbine nacelle, at the 

bottom of the meteorological mast or in the turbine 

tower base.

For each sensor, a dedicated signal conditioning & 

analog-to-digital-conversion module will be installed 

in the front-end. Up to a maximum of 16 sensors can 

be connected to a front-end. These sensors can be 

strain gauges, rotary encoders, anemometers, wind 

vanes, temperature sensors, accelerometers, etc.

A special module has been developed to interface with 

the ECN telemetric system. With this system it is 

possible to measure up to 12 signals from the turbine 

rotor.

Optical fibers connect all front-end systems to the host 

computer, completing the data-acquisition system.

A maximum of 16 front-ends can form one data-

acquisition system, each front-end at a maximum of 

15 kilometers away from the host computer.

System description

The main task of the data-acquisition system is performed in the signal conditioning & analog-to-digital-

conversion modules. One sensor is connected to each dedicated analog or digital input module. 

For ‘standard’ signals, a standard 5B module converts the sensor signal to a +/- 5V signal, after which the 

signal passes a 20 Hz low-pass filter to avoid aliasing. 

For non-standard signals like the ECN 12-channel telemetric system, a dedicated signal conditioning module 

has been developed. For future sensor types, other dedicated modules can be developed.

Behind the anti-aliasing filter the signal is digitised (12 bits) with a sample rate of 128 Hz.  The 128 Hz output 

of the module complies to the IEEE 1451 data communications standard.

The PC104 based computer in the front-end system collects all signal data using a dedicated IEEE 1451-to-

PC104 interface, and adds a time stamp. The connected host PC collects the data from a maximum of 16 front-

end systems, and stores the data on disk.

Technical data

WS

WR

Strain

X

Y

Acceleration

Yaw angle

Temp.

12 signals

Windturbine nacelle

Frontend 1

Windturbine
rotor

Telemetric
system

Temp.

Rain

Meteorological mast

Frontend 2

Host PC

Fiberoptic

Fiberoptic

ethernet

ethernet

Ethernet

Example of a simple configuration

160 Hz 20 Hz5B module

Analog
signal

1st order 5th order
RC filter switched cap.

ADC

ADC

Digital /

signal
special Dedicated hardware

IEEE1451 to
PC104 interface

IEEE1451 bus

Front-end
computer

To Host

Ethernet

Data flow in the front-end system
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DANTE measurement system 

 

Most specifications of the ECN DANTE measuring system can be found in the included leaflet. 

More specifications of a frontend system are: 
  

System size   width: 54 cm, height 32 cm, depth 48 cm 

System weight  ca. 20 kg 
Required power  230 V AC, less than 30 Watt 

 

System output  fiber-optic Ethernet (single mode fiber) 
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Appendix D : Used Dante Frontend Modules 

 
 

 

 
 

 

 
 

 

 

 

 

 

 

 

 
 

Dante Frontend modules come in several types; in the picture a 0..100 Hz frequency input 

moudle is shown. In the following text a short description of all applied Dante module types is 
given. 

 

 

1. Module: Frequency 0..1000 Hz 

This module measures the frequency of one connected input signal (pulses) up to 1000 Hz. The 

output value is in Hz. The module is used for measuring the Thies First Class Advanced ane-

mometer signals. 

 

2. Module: Thies First Class Windvane 
This module receives the RS422 input signal from a Thies First Class windvane. The output 

value is in degrees. 

 

4. Module: Vaisala HMP155D RH&T sensor. 

The HMP155D RH&T sensor sends its output data (Relative Hu,idity and Temperature) via an 

RS422 serial line. The data is being read by this module, and the module converts the data string 

into two separate signals: Temperature (unit degrees C) and Relative Humidity (unit %). 

 

5. Module: Vaisala PTB210 air pressure sensor 

The Vaisala PTB210 air pressure sensor sends its measured air pressure to the module via a 
serial RS422 output. The serial data is read by the module, and converted to an air pressur in 

hPa. 

 
6. Module: Metek USA-1 sonic anemometer 

The Metek USA-1 Sonic anemometer sends 4 signals across a serial line: the wind speed in 3 

directios (X, Y, Z) and a status signals indicating the validity of the signal values. The module 

receives the input string and converts the string into the 4 separate signals. The wind speed sig-

nals are expressed in m/s and the status signal is a unity value. 

 

7. Module: Thies Distro laser precipitation sensor module 

The Thies Distro sensor sends a number of signals to the module via an RS422 connection. The 

Dante module converts the input stream to 7 different signals: 
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Precipitation 

Specifies whether there is precipitation (100) or not (0). 

 

Synop code 
Specifies the kind of precipitation, if any : 

 

Synop Code Precipitation type 

  

51, 52, 53 Drizzle (also freezing) 

58, 59 Drizzle with rain 

61, 63, 65 Rain (also freezing) 

68, 69 Rain and/or Drizzle with snow 

71, 73, 75 Snow 

87, 88 Ice pellets, Soft hail 

77 Snow grains (also ice prisms), Ice crystals / needles 

89, 90 Hail 

 
Amount 

Amount of precipitation fallen after last sensor reset [mm]. 

 
Intensity 

Intensity of precipitation in mm/min 

 

OK 

Specifies whether the sensor is OK (0% .. 100%) 

 

Quality 

Specifies the quality of the measurement at the moment (0% .. 100%) 

 
Visibility 

Specifies the current visibility distance in m (0 .. 99999) 
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Appendix E : Frontend configurations 
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Appendix F : Data Sheets 

F.1 Thies First class advanced 4.3351.xx.140 cup anemometer 
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F.2 Metek USA-1 Sonic anemometer 
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F.3 Thies First class Windvane anemometer 

Note: The wind vane depicted here is the Thies First Class wind vane with a potentiometer out-

put. The RS485 output connection is shown below it. 
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RS485 connection Thies First Class Windvane 
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F.4 Vaisala PTB210 Air Pressure Sensor 
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F.5 Vaisala HMP155 digital RH&T sensor 
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56 of 64  ECN-Wind Memo-12-010 

F.6 Thies Disdro Laser precipitation monitor 
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F.7 Zephir 300 Lidar 

 

 
 

Performance ZephIR 

Range(min) 
Range(max) 
Extended range 

10metres 
200metres 
300 metres 

Probelength@10m 
Probe length @ 100m 

0.07metres 
7.70 metres 

Heights measured 10 (user configurable) 

Sampling rate 50Hz 

Averaging period 1 second upwards (user configurable) 

Scanning cone angle 30° (other angles available) 

Speed accuracy** <0.5% 

Speed range <1m/s to 70m/s 

Direction accuracy <0.5° 

  

Operations ZephIR 

Temp range (min) 
Temp range (max) 

-40°C 
+ 50°C 

Powre consumption 69 Watts 

Power input DC 12V 

Weight 55kg 

  

Data ZephIR 

10 minute averaged data 80K/day 

3 second data 3MB/day 

  

Safety ZephIR 

Laser classification Class 1 

Eye safety standard IEC 60825-1 

IP Rating IP67 (excl. external fans) 

EMC compliance 
EN55022  Class A, EN61326 
Industrial, 
FCC Radiated & conducted Emissions 
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F.8 Triaxys Wave Buoy 
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F.9 ESP SATConnect system 
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F.10 Siemens MicroBox PC (IPC 627C) 
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F.11 Connection Boxes 

 

Note: in the mast connection boxes 1007.500 have been used, in the container 1019.500 
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F.12 Rittal 19” Cabinet. 

  

IW6901.100 

 
 

 
 


