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1 Management summary

Three to be newly built wind turbine farms, collectively n;
Ooster mM@PMO)p are |l ocated close to ASTRONO6s LOFAR radio tel esci¢
caused by EMI interference induced by the wind turbines , a covenant has been signed between ASTRON and
the three companies building DMO , stipulating maximum emission th resholds and the shared responsibility

between the parties.  These parties are:
1 Raedthuys Windenergie B.V.,
1  Duurzame Energieproductie Exloérmond B.V.,

1 Windpark Oostermoer Exploitatie B.V.

According to the Covenant the EMI interference level induced by the wind turbines should be at least below

-35d8B, in relation the referNemcoe | evel defined as the i
The (equivalent of) the limit value in EMC standard EN55011 for class A group 1, of 50 dBiT V [/
m in a bandwidth of 120 kHz (this corresponds to -0.8 dBiV / (m L Hz)) at a

from the wind turbine gondola at a height of 100m serves as a reference for the agreements in
this covenant ("Norm").

During the first two weeks in Septemb er 2019, S&T has conducted a number of  so called (pre -)validation
measurements to verify that the test wind turbin e, designated DEE -2.1, complies with covenant
These measurements were performed with a measuring instrument built by S&T and ASTRON.  During the

design and construction of the measuring instrument, ASTRON and AT were kept informed and checked both
the design and the code. ASTRON and AT also have been informed and included in the execution of the
measurements and in the analysis of the resulting data.

Therefore ASTRON, AT and S&T state together that:

1. The complete measuring instrument, with LOFAR as the measuring instrument, has
proven to meet the requirements and conditions described in the system requirements
document [SRD] and the functionality as laid down in the Architectural Design Document
[ADD], both based on:

1  The M easuring method [MeasMeth], developed by Agentschap Telecom ,

1 The Statement Of Objectives [LMEMI], written by ASTRON, for usage or LOFAR as a
measurement device  and

T The WTEM Memorandum : L -formula [L-Form -upd], written by ~ASTRON.

2. Theexecutionof themeasurements and the analysisofthe resulting data were performed
correctly.

The observations that can be made with respect to the measurements and analyses are:

1 Based on the measurement uncertainty assessment (section 3.7), the total uncertainty in the
measurements is estimated at:
0 Vertical polarized measurements: +2.0 dB
0 Horizontal polarized measurements: +2.9dB
o Vertical + Horizontal polarized measurements: +3.3 dB

1  All measurements to characterize the behaviour of the WTG have been successfully conducted.
1 All data has been backed up so that the results can be re -analysed if necessary.
1 With respect to the analysis, the main results per frequency band are:

o LBA:

A Around 70 MHz (in the LBA frequency band) we seem to have found evidence for a
wideband signal whose source is believed to be found inside the WTG.

Further analysis regarding a suspected UPS shows that indeed it contributes
significantly to the measured interference

di st a
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1 Other signals exceeding the -35dB limit are either caused by insufficient sensitivity
of the equipment, excessive environmental noise, or cannot unambi guously assigned
to a source inside the WTG, but more likely to a reflection of a source outside the
WTG.

1  For the combination of H -poland V -pol data, we added bothH  -pol signal and the V-
pol signal. We notice then when the UPS is switched off , the H+V signal is at the -
35 dB limit, whereas when the UPSis still operational ,the H+V signal exceedsthe -
35 dB limit with 3 dB. Note, the operational version of the DEE -2.1 will be modified
such that the UPS will have its impact reduced on the signa | strength.

o HBA-LOW:

A The majority of the HBA -LOW band doesnét show a significant
for a set of features originating from the nonlinear character of the LOFAR receiver
chain itself. At the higher frequencies, we see the effect of reflections of DAB
emissions outside the WTG itself.

o HBA-MID :

A The HBA -MID is almost completely contaminated by DAB emissions. No disturbances
from the WTG have been found.

0 HBA-HIGH:

A The lower frequencies of this band are contaminated by DAB emissions just like the
complete HBA -MID band. Other disturbances that can be found in the averaged L -
plot cannot be unambiguously assigned to a source inside the WTG, but are more
likely to be areflection of a source outside the WTG.

1 Theresultsoft he summations of the H -polarization and V - polarization components (H+V) are:

o For those ranges where there is a signal from the WTG detected (e.g., around the 70 MHz)
we notice the expected increase in signal power of approximately 3 dB (the signal being
more -or-less unpolarized).

o In the HBA frequency range there is no signal  higher than -35 dB value at the frequencies
where the signal in individual H -polarization and V -polarization component is under -35dB
level, i.e., no new exceedances of the -35 dB level are introduced by the summation.

Conclusion:

One signal has been found around the 70 MHz that is believed to originate from the WTG. This issue has
been further investigated and it was shown that the signal can be linked to the workings of one of the UPS

systems inside the WTG. This has been validated by processing the data for those time period for which it

is certain that the UPS was not operative anymore. This analysis resulted indeed in evidence that the UPS
contributes to the signal found at 70 MHz.

Other signals exceeding the -35 dB limit are either caused by insufficient sensitivity of the equipment,
receiver characteristics, exce  ssive environmental noise, or cannot unambiguously be assigned to a source
inside the WTG, but more likely to a reflection of a source outside the WTG.

Also, after the required summation of the polarization components (H -pol and V -pol) we have seen:

1 A considerable improvement has been obtained by switching off the UPS as is part of the
modification the  WTG. The measured signal strength is then at the -35 dB limit for the 70 MHz
region.

1 Currently, no other frequency is suspected to exceed the -35dB llimit v alue where the WTG must
be assumed to be the source of the measured signal level.

Figure 1 gives a graphical overview of the main measurement results over entire frequ ency range .
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Main results with respect to -35 dB level
HBA_MID

170-230 MHz

LBA HBA_LOW HBA_HIGH
30-80 MHz 110-190 MHz 210-240 MHz

80-110 MHz.
FM-Band not
usable by LOFAR

RA RS R R E SRl ERingssicsdisiggdes i erirggsiggsesiaadasgaisng
A B B R B o e T T B B I B I B I B B B B I T B B B B )

1.30-40 MHz. No WTG emission measured above -35 dB. Celestial nse n this band lmits the sensithity of LOFAR.

2.40-50 MHz. No WTG emissicn measured above - 35 dB. Shght exceedanceof the -35 dii most plausible to be a reflection.

25060 MHz. No WTG emission measured above - 35 di. The directionality of the LOFAR antennas tnwarnds the sky causes araised noise floor for
measrements doser to the horizon {low elevations}.

4.234- 240 MHZz. No WTG emission measured above -35 dB.

Figure 1: Overview of main measurement results over entire frequency range
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2 Introduction

2.1 Purpose and Scope

The purpose of this document is report the outcome  for the Measuring the EMI radiation with Lofar at the
test turbine at location DEE ~ -2.1 - Windpark De Drentse Monden en Oostermoer - (WTEM_LOFAR) project .

2.2 The p roject

named

Threeto be newly built wind turbine farms, collectively
Ooster mMdd@®)p are | ocated close to ASTRONO6s LOFAR radio tel esc¢
caused by EMI interference induced by the WTGs, a covenant [ COV] has been signed between ASTRON and

the three companies building DMO , stipulating maximum emission thresholds and the shared responsibility

between the parties.  These parties are:
1 Raedthuys Windenergie B.V.,
91  Duurzame Energieproductie Exloérmond B.V.,

1  Windpark Oostermoer Exploitatie B.V.

According to the Covenant the EMI interference level induced by the WTGs should be at least below -35dB,
in relation the referendemloevel defined as the @
The (equivalent of) the limit value in EMC standard EN55011 for class A group 1,
m in a bandwidth of 120 kHz (this corresponds to -0.8 dBiV / (m L Hz)) at a

from the wind turbine gondola at a height of 100m serves as a reference for the agreements in
this covenant ("Norm").

In this p roject S[&]T has:

1 Laid down the requirements for the total measurement instrument in the System Requirements
Document [SRD],

Designed the total measurement instrument conform the Architectural Design Document [ADD],
1 Based the design on:
0 The method [MeasM eth] described by Agentschap Telecom (AT)

0 The Statement Of Objectives [LMEMI] written by ASTRON, for usage of LOFAR as a
measurement device and

0 The Memorandum of ASTRON [L  -Form -upd].

Conform the Covenant, AT is responsible for the final validation of the measuring instrument. Therefore,
during the design process, the coding, the actual measurements and the processing of data, S[&]T has
informed and included AT (as well as ASTRON) by:

1 Submission of requirements and design documentation, code, measurement p lans and
measurement results for review,

1 Regular joint progress and consultancy meetings.

The result of this project and its complete process is laid down in this Final Report.

2.3 Document Overview
The structure of the document is as follows:

Section 1: Management summary

Section 2: Introduction

Section 3: Measurements

Section 4:  Analysis overview

Section 5: Summary of results and conclusions
Section 6: Appendices

E T ]

of 50
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2.4 Reference Documents
Applicable and reference documents are listed in  Table 1.
Table 1: Applicable documents.
AD Document Auth or Vers. Issue date
[RFQ] Request for Quotation, Realisation and Project Wind Farm De Drentse 01 2017/12/23
Implementation Measurement of Monden en Oostermoer
Electromagnetic Radiation
[CcOoV] Agreement coexistence wind farm De ASTRON, Raedthuys Windenergie 01 201 6/09/16
Drentse Monden en Oostermoer and the B.V., Duurzame Energieproductie
LOFAR radio telescope of ASTRON Exloérmond B.V., Windpark
Oostermoer Exploitatie B.V.
[MeasMeth ] Method for measuring the EMI radiation Agentschap Telecom 1.0 2017/10/08
of wind turbines in relation to the LOFAR
radio telesco pe
[VEML] Verstoring van het elektromagnetische Agentschap Telecom 2016/10/19
milieu ter plaatse van de LOFAR kern
door het windturbinepark Drentse
Monden en Oostermoer
[LMEMI] Increasing LOFAR capabilities for ASTRON, Dwingeloo, The 1.0 2018/ 09/18
measuring wind turbine EMI Netherlands
[L-Form-upd] WTEM Memorandum: L -formula ASTRON, Dwingeloo, The - 2019/10/ 11
Netherlands
[OFFR] Algorithms for Radio Interference A.R. Offringa , University of June 2012
Detection and Removal, Groningen, dissertation.
[ANTSOL] Computation of Antenna Dependent Sanjay Bhatnagar , document can be Jan, 1999
Complex Gains found on:
http://www.aoc.nrao.edu/~sbhatnag
IGMRT _Offline/antsol/antsol.html
[ADD] WTEM Architectural Design Document , S&T, Delft 1.6 2019/ 10/18
ST-WDMO-WTEM-ADD-001
[SRD] WTEM System Requirements Document S&T, Delft 1.4 2019/08/20
ST-WDMO-WTEM-SRD-001
[UNCERT] WTEM Uncertainty Assessment S&T, Delft 1.2 2019/ 11/19
ST-WDMO-WTEM-REP-002 Final
[CALNPL] NPL_2018100058 emitter certificate R2 National Physical Laboratory (NPL), 2.0 2019/02/12

Teddinton Middlesex, United
Kingdom
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2.5 Definitions

Terms, acronyms, abbreviations and definitions are listed in Table 2.

Table 2:Terms and Definitions

Term Explanation

ACM Antenna Correlation Matrix

ADC Analog -to - Digital Converter

ADD Architecture Design Document

ASTRON Netherlands Institute for Radio Astronomy.

AT Agentschap Telecom

DAB Digital Audio Broadcast

DMO Drentse Monden Oostermoer

EIRP Effective Isotropic Radiated Power

EMC Electro Magnetic Compatibility

EMI Electro Magnetic Interference

HBA High Band Antenna

M Inter Modulation

LBA Low Band Antenna

LNA Low Noise Amplfier

LOFAR _Il__u(r)b\i/r\]/epf;rk.equency Array; ASTRONG6s radio telescop
NPL National Physical Laboratory =, Hampton Rd, Teddington TW11 OLW, United Kingdom
RCU Receiver Control Unit (one of the components of the LOFAR infrastructure)
RFI Radio Frequency Interference

RFQ Request for Quotation

RS Reference Source

S[&]T Science and Technology BV

SDM EMC ShutDown Mode

Tx Transmitter

UPS Uninterruptible  Power Supply

uTc Coordinated Universal Time

WTEM Wind Turbine Electro Magnetic Interference Measurements

WTG Wind Turbine Generator



WTEM_LOFAR Refe'rence ST-WDMO-WTEM-REP—OOS
& Version : 1.2 Final page

Final Report Date - 19 Nov 2019 12/94

3 Measurement s

3.1 Reference source

The reference source  [ADD] that has been used for these measurements, emit s a well -characterized ( i.e.,

calibrated at the National Physical Laboratory (NPL) [CALNPL]) signal with a known flux density with respect

to the covenant limit values. This signal will be emitted sufficient ly close to the  Wind Turbine Generator

(WTG) so that the transmission path of the reference signal corresponds to the one of the WTG signals , yet

the position of the reference source is sufficiently separated that the reference sour ce signal deesnot
with the WTG signal

The reference signal that is emitted during the measurement period is a comb signal with a frequency period
of 1 MHz.

3.2 H-V-measurements

The measurements are divided into a set of Horizontal polarized (H -pol) and a set of Vertical polarized (V -
pol) measurements.  For the H -pol measurements, the antenna of the reference source is placed such that
Horizontal polarized signal s are emitted, and for the V  -pol measurements, the Reference Source emits
Vertical polarized signals.

The antennas at the receiving stations are also dual -polarized. That is, the antennas receive the signals in

two 7 orthogonal 1 directions, these directions are called XX and YY. In principle, the XX and YY polarizati on
of the antenna have no direct relationship with the H -pol and V -pol signals from the Reference Source.
However, as it turns out:

1 The H-pol signal from the Reference Source is dominantly represented by the YY-readings of the
antenna.

1 The V-pol signal fr om the Reference Source is dominantly represented by the XX-readings of the
antenna.

The signals that are emitted by the WTG wiill contain both H-poland V -pol components. To measure theV -
component of the total WTG emission, we will take only the XX readi ngs into account, and to measure the
H-component of the total WTG emission, the YY readings.

Note that the Measure Method [MeasMeth] as issued by Agentschap Telecom (AT) defined that the behaviour
of the WTG had to be measured only for the V -polarized sign als, as originally it was hypothesized that the
transmission of  H-polarized signals and the reception of those signals by the LOFAR antennas would be
negligible compared to the V-polarized signals. However, during the test measurements in February 2019 it

was noticed , on suggestion of Dick Harberts (Philips) who is supporting WTG project development, that the
LOFAR antennas would be sensitive to both H -polarized and V -polarized signals. It was then accepted by all
parties that both H -polarized and V -polariz ed signals will be measured.

3.3 Frequency bands

For the analysis we will distinguish between different frequency bands. The use of these frequency bands is

a consequence of using LOFAR as a measurement system. Due to the maximum sample rate, the ADCs of

LOFAR cannot digitize the whole frequency band of 30 é 240 MHz
of 30 - 240 MHz must be divided into four different smaller frequency bands, each of them to be observed

separately (referto  Figure 2).

Within this frequency span the band from 90 7 110 MHz is affected by FM radio transmissions, where LOFAR
will not measure anyway. The band from 174 6 230 MHz is affected by Digital Audio Broadcast. This band is
included in a separate band to be observed.

The separation results in the following four bands: LBA (Low Band Antenna), HBA (High Band Antenna) and
the latter in a division of low, high and mid (ref erto Figure 2 and Table 3).
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010 Observation 90 Observation 190 | Observation
LBA - HBA low - HBA high
10 - 90 MHz 110 110-190MHz , 210  ~ 210-250 MHz

Frequency band
LBA
HBA_ LOW

HBA_ HIGH

HBA_ MID

Observation
HBA mid
170 - 230 MHz

Figure 2: Frequency bands (refer to [ADD])

Table 3: Frequency bands (refer to [ADD])

Frequency range

10 7 90 MHz

110 i 180 MHz
210 i 250 MHz
170 7 230 MHz

3.4 Wind turbine modes

The following wind turbine modes have been measured during the first two weeks  in September 2019

Turbine mode

Normal operation

Wind turbine off

EMC Shutdown

Standby downtime plus

Standby downtime

Description

Massive interference below 20 MHz during daytime.
Only 30 i 80 MHz is considered

HBA band with the least interference

This band contains many digital audio stations.
Only 210 1 2402 is considered

HBA band affected by interference. It contains several digital audio
stations.

Table 4: Wind turbine modes

Description

Completely powered and producing wind energy power at least 50 kW, during the
entire measurement, corresponding to a wind speed of approximately 3.0 - 35m/s

Completely powerless,  switching atthe sub - station level. Before Switching at the sub -
station Nordex will bring the turbine to a stop and will manually switch -off the aviation
lights and the aviation light UPS system

Wind turbine is powerless up from the low volta ges circuit breaker in the converter.
Only system which remains active is the aviation light system by means of his battery
package (estimation capacity 8 i 10 hours).

Standby state corresponding to the downtime state with switched o ff visibility sensor
and flickering module, according to the Nordex Downtime Status proposal revision 3.
Standby state corresponding to the downtime state according to the Nordex
Downtime Status proposal revision 3 (without switching off the visibility sensor and

shadow flickering module)

Note that the two Standby modes have initially been identified for the stand - still periods, but this has during

the measurement period been
at night and consequently

assigned toanewly defined WTG -mode, called the EMC Shutdown ( measured
with aviation

light s on) mode. As a consequence, the Standby modes have not

been included in the analysis in this report.

130 MHz is the
2240 MHz is the

mini mum frequency ofleasMete] ALOFARO band given in

maxi mum frequency oNeadMbtl ALOFARO band given in



WTEM_LOFAR Reference ST-WDMO-WTEM-REP—OOS
& . Version : 1.2 Final page
Final Report

Date : 19 Nov 2019 14/94

3.5 Measurements
As mentioned in  Section 3.2 the measurements have taken place for horizontal polarised signals as well as
vertical polarised signals from the reference source. This needed a different setup for the horizontal and
vertica | polarised measurements , which is further explained in the paragraphs below.
351 Measurement setting
V-measurement:
Antenna of the Reference in V -position .

1 Crane direction: 30 degrees South from West, pointing to the LOFAR core

1 Antenna direction: 30 degrees West from North , pointing to Drouwenermond

Figure 3:V -measurement directions

H-measurement:
1 Antenna of the Reference Source in H-position .
1 Crane direction: 30 degrees East from South, pointing to Nieuw -Weerdinge .

1  Antenna direction: 30 degrees South from West, pointingto the LOFAR core .



WTEM_LOFAR Refe_rence ST-WDMO-WTEM-REP—OOS
& . Version : 1.2 Final page
Final Report

Date : 19 Nov 2019 15/94

Figure 4:H -measurement directions

Figure 5 provides a geographical  sketch of the position s of the different wind turbines and the position s of
the LOFAR antennas. The centre of LOFAR antennas is at point (0,0), and the antennas (blue p oints) are
placed in the block defined by the coordinates ( -2, 2) (left upper corner) and (2, -2) (right lower corner).
The WTG under test DEE 2.1 is placed just left of the coordinate (4,2).

With respect to the crane pointing: For the V -measurements, the  crane is pointing towards the LOFAR
antennas; for the H -measurements, the crane is pointing perpendicular of the line towards the LOFAR
antennas.
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Figure 5: Overview V

3.5.2 Measurement schedule

The following table provides an overview of the

two weeks of September 2019:

Night

Mon 02/Sep
Tue 03/Sep
Wed 04/Sep
Thu 05/Sep
Fri 06/Sep
Sat 07/Sep
Sun 08/Sep
Mon 09/Sep
Tue 10/Sep
Wed 11/Sep
Thu 12/Sep

Fri 13/Sep

Start
(CEST)

21:00:00
20:56:04
20:52:08
20:48:12
20:44:16
20:40:20
20:36:25
20:32:29
20:28:33
20:24:37
20:20:41

20:16:45

Stop
(CEST)

06:40:00
06:36:04
06:32:08
06:28:12
06:24:16
06:20:20
06:16:25
06:12:29
06:08:33
06:04:37
06:00:41

05:56:45

Polarization

I I I I I I < < < K /K<

measurement s that have

Table 5: Measurement schedule

WTG -mode

Normal operation
Normal operation

Wind turbine off
Standby downtime plus
Standby downtime
Normal operation
Standby downtime
Standby downtime plus
Wind turbine off
Normal operation

EMC Shutdown

EMC Shutdown

- and H - measurement directions

been performed  during the first

Success

No

Yes

Yes

Yes

Yes

Partly, second half useful
Yes

Yes

Yes

Yes

Yes (additional data processing
required to select the red  -light
mode during the processing)

Yes
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3.5.3 Measurement schemes

The measurements have been conducted using measurement schemes. Appendix 6.1 shows the detailed
schemes that have been followed.

The measurements have covered all four frequency bands handled in section 3.3, for each of the different
wind turbine modes  (handled in section 3.4 ) in the order given in section 3.52.

Each of the frequency bands were measured for two hours e ach in order to cope with thermal and systematic

noise. This means that to cover the whole frequency span a measurement duration of 8 hours was necessary.
As an additional constraint, the so-called HBA_LOW measurements were deliberately interrupted for 1.5
hours. Otherwise, the measurements would be affected, by the rising of the celestial source TAURUS-A right

behind the WTG, shown by interferences visible in the measurement samples.

Also, the measurements were shifted back in time each day (night), by app roximately 3 minutes and 56
seconds, in order to keep the galactic background, with its interfering celestial sources, exactly the same.

This can be seen both  in the measurement schedule (  Table 5 in section 3.5.2 ) looking at start / stop times
and in the measurement schemes (Appendix 6.1) looking at start / end times.

During the measurements the reference source has been ope rated with an emission pattern of 12 seconds

ON and 48 seconds OFF. The measurement data of the reference source OFF period was actually used for
measurement of EMI from the wind turbine (integrated over the before mentioned two hours). The
measurement dat a of the reference source ON period was used during processing for compensation of

changes in the propagation path, as the signal of the reference source and of the WTG travel approximately

the same path . Italso was used to calibrate the receiver antenna system for electronic fluctuations . All this
is described in Appendix 6.3

3.6 Data processing
The data processing is divided into two steps:

1 Step 1. Pre-processing perfor med by ASTRON. The objective of this pre -processing process is
basically to reduce noise:

1 Astronomical sources that have a signal flux in the same order magnitude as the relevant
covenant values are being subtracted from the data.

1 The measured samples are being screened (and the samples are being flagged) for RF
interference using the Algorith m by Andre Offingra [OFFR].

1 Step2: Final processing at S[&]T. This process involves the estimation of the signal strength of the

WTG by a process called the imaging. The processing results in a power spectrum (Power Spectral
Density) plot in which the r eceived signal power density is plotted against frequency. The signal

powers are retrieved from so-called voxel cube s (for more details see  also Appendix 6.3). These
voxel cubes are being created by a process called imaging. Starting from the received antenna

signals, estimate the location of the source of the signals. A strong signal with respect to the
environment will create a clear hotspot; a signal buried in noise will create a less clear image as is

shown in the following image.
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Above looking Down

East looking West

Above looking Down

East looking West

[=4 o
=25 -25
-50 -50
-75 -75
-100 =100 0
100 100 0 50 100
P P P
South looking North South looking North
Freq 160286 kHz 1.00 Freq 72719 kHz 1.00
Date 03 Sep 2019 (Tue) Date 03 Sep 2019 (Tue)
LOFAR polarization V. 0.75 LOFAR paolarization V. 075
200 WTG Normal operation 0.50 200 WTG Normal operation 0.50
SAS-ID L743313 i SAS-ID L743311 i
130 Max 7.4e+04 = 49 dB 02 . Max 5.1e+04 = 47 dB 022
o RMS 7.3e+03 = 39 dB 0.00 o RMS 1.2e+04 = 41 dB 0.00
100 Min -1.3e+04 100 Min -4.4e+04
Mean 1.6e+03 -0.25 Mean 1.7e+03 -0.25
50 -0.50 50 -0.50
-0.75 -0.75
0 =1.00 0 =1.00
-100 =50 -100 -50
Q

Figure 6 two examples of a voxel cube: Left a strong signal, Right a signal buried in noise.

3.7 Uncertainty analysis

In [UNCERT] a detailed analysis of the uncertainties in both the measurements and the analysis has been

provided. Based on the quantitative impact of the summary of the individual contributions ,givenin Table 6,
the result of the estimated total uncertainty in the measurements is:

V-measurements: +2.0 dB

H-measurements: +29 dB

H+V measurements: +3.3 dB

Table 6 is the summary of t he individual element s that actual contribute to the total measurement
uncertainty estimation. This summary is made from an extensive list from possible contributing element s
th at were explored in detail in [UNCERT]. These values cannot be added linearly. Similarly, to Section 3.1

in [UNCERT] , these individual dB values must be added in quadrature. This is a consequence of the dB scale

being an inherent combination of values as a ratio, rather than an absolute, discrete value of its own.

Table 6:Summary individual element contributions to the measurement uncertainty

Conclusion Quantitative Impact

Vertical Horizontal
polarization polarization

Transmission, Reference source, Antenna

Direction Some gain variation across the antenna pattern +0.2 dB +1.0dB
Transmission, Reference source, Source calibration

Power (NPL) Third - party calibration measurements of entire spectral range +1.5dB +1.5dB
Transmission, Reference source, Crane

Simulations predict a spectral variation due to reflections and

Crane EM properties resonances. +1.2dB +2.55dB
Calculation, Calibration at S&T
Distance This question was resolved, and determined to have no +0.26 dB +0.26 dB

proportionality influence on uncertainties.
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Incomplete coupling between the transmitted polarisation and

LOFAROGs dipol es. +1.0d8 +1.0d8

Polarisation leakage

Total +2.0 dB +29 dB

Total H+V +33 dB
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4 Analysis overview

4.1 General analysis introduction

41.1 Frequency plot explanation

The main output of the analysis is the set of Power Spectral Density (PSD) plots where the performance of
the WTG is depicted in relation to the covenant value. For each of the measurements a separate plot is
provided. Each plot contains the following values:

1T Theso-cal |l edalilled which describes the Power denscovwenantof t he
value . The covenant value of 0 dB equals 50 dB1 V/ nBWcow =420 kHz bandwidth at 10 m
distance , or an EIRP density value of 2.8 10 -12 W/H z). The L-value is depicted by black or blue
dots in the graph, where

o0 A black dot indicates that the max imum flux within the voxel cube is indeed at the location
of the WTG.
0 Ablue dotindicates that the maximum flux is found at another place than the WTG location.

This is an indication of much disturbance at this frequency.

1  The noise floor which has been computed by taking the RMS of the voxel cube belonging to the

Reference Source, at the time that the reference source is switched off. The noise floor is depicted
by the (light) grey dots in the graph. The noise floor is indicated by the grey dots in the graph.

1 A curve of 3 times the noise floor. Each WTG power value exceeding this significance level can be
considered as being surely originating from the WTG , statistically with 88.9 % probability , by
Chebysh ev 6s i n% garanimbdaly distributions the probability of being within the interval is at
least 95% by the Vysochanskij T Petunin inequality *. There may be certain assumptions for a
distribution that force this probability to be at least 98% 5 and here for 3 0(:99,73% .

1 The -35 dB limit line. The -35 dB limit is depicted by the dashed line in the graph.

4.1.2 L-value

T h e -vidl u edefinédsnthe measurement description by AT [MeasMeth ] as the value of the WTG output
relative to the covenant reference value. Thus, a value of -35 dB indicates a WTG that for that frequency
compliestothe -35dB covenant threshold . The L-value is now defined as

0 o8

Where Pc is the covenant value, and Pwrc the power density of the WTG.

Or, as expressed i naaluBdemes:th'@éh & h@O6L I Q68

We refer to the  technical note of ASTRON  [L-Form-upd], which serves as an update to [MeasMeth], to
provide the exact formula to compute the L -value based on the voxel cube values and the distance of the

WTG and the Reference Source to LOFAR. Note that the update was necessary in order to resolve the
consequences of the different signal structure of the Reference S ource (a comb of very narrow band signal s
with a frequency spacing of 1 MHz, instead of a broadband signal distributed over some 100 kHz).

4.1.3  Analysis steps

The reasons that the  measured Power Spectral Density graph for the Covenant values is higher than th e -
35 dB limit line can be several:

1 Adisturbance originating fromthe WTG.
1 The ambient noise is higher than that coming from the WTG.

3 https://en.wikipedia.org/wiki/Chebyshev%27s_inequality#Probabilistic_statement

4 https://en.wikipedia.org/wiki/Vysochanskij%E2%80%93Petunin_inequality

5 https://en.wikipedia.org/wiki/68%E2%80%9395%E2%80%9399.7_rule
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1 The disturbance is a reflection of a stronger signal that is emitted in the (relative) neighbo urhood
and is reflected by the tower and / or blade structure of the WTG.
1  The noise floor is higher than the -35 dB limit value.
1 Idiosyncratic behaviour of the LOFAR system: For example, due to nonlinear behaviour the

receiver chain of LOFAR may create intermodulation (IM) products.

To a certain extent, the cause of exceed ing the limit can be analy sed as follows.

High Ambient Noi se: Insuch a case, we find that the
density at the location of the WTG, and / or we see that at other locations than the WTG
voxel cube the flux is higher than at the WTG. An example of such a case is given in

i maging algorithm dc
-location in the
the following figure

East looking West

100
75§
50
25
o 0
=25 |
=50
=75

=100
=100

=50 50

P
South looking North

Freq 37239 kHz - 1.00
Date 04 Sep 2019 (Wed)
200 LOFAR polarization V F0.75
WTG Wind turbine off 0,50
SAS-ID L743321 :
150 Max 5.3e+04 = 47 dB fhsd
o RMS 1.9e+404 = 43 dB 0.00
100 Min -4.6e+04
Mean -2.3e+03 -0.25
-0.50
50
-0.75
-1.00

0
=100 =50 0

Figure 7: Noisy environment

. If the WTG acts as a reflector of a strong emitter then the signal can be reflected as a point
a hot spot of flux in the voxel cube.

Reflection
source. This will be visible as

Often, we see also arise in the noise level at the frequency where the disturbance takes place.

Reflections can also be identified by inspecting the ON and OFF (and SDM) modes of the WTG: If disturbances
are visible in both the ON and OFF mo de, it is very likely that the cause is a reflection.

We must remark, however, that the yaw direction of the nacelle may strongly affect the strength and the
number of reflections. As the OFF and ON modes are measured at different dates (with different we
conditions), it may be that reflections in the OFF mode will not be visible during the ON mode (or vice versa).

ather

Also, the spectral structure can provide a clue: For example, in the HBA -MID frequency region (and in the

lower end of the HBA
outside the WTG).
interest.

-HIGH) we s ee structures of approximately
Furthermore, aviation and military communication

1.5 MHz wide; an indication of DAB (i.e.,
overlap with LOFAR frequencies of
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Some examples of frequencies that are used by third parties:

1 DABuses a wide -bandwidth broadcast technology and typically spectra have been allocated for it in
Band Ill (174 1240 MHz) and L band (1.452 1 1.492 GHz) 6. As we see, the Band Il emissions overlap
with the LOFAR frequencies of interest.

1  The VHF airband uses the frequ encies between 108 and 137 MHz.

Note that as the WTG is located close to the German border and the high structure of the WTG, we must
consider both Dutch and German sources of EM emission.

Noise floor is higher than -35dB: We see situations where the noi se floor of the measurement system
is higher than the -35 dB level. This is often the case of reflections of strong emissions, but can also be

caused by other causes, either internally or externally, even possibly from celestial sources ( it is likely that
in the frequency range of < 40 MHz we primarily sense the noise from the milky way due to the fact that

the sky is extremely bright at these lower frequencies, and in the range of 50 €60 wdHee the effect
of the antenna that has better gain point ing to the sky than pointing towards the horizon ).

Intermodulation products: Nonlinear behaviour of a receiver chain may create intermodulation (IM)

products resulting in a peak in the received spectrum. These IM -peaks are the product of mixing two or
more signals which may originate outside the receiver chain and / or inside the chain. Such an IM - peak will
most likely occur in both the ON and the OFF measurement , depending whether the signal s that causes the
IM - products is present in both the ON and OFF me asurements .

Signal from the WTG . Similar to the reflection, the disturbance will be visible as a hotspot in the voxel
cube.

1 The signal must be visible in the ON mode, and not
a reflection, it can be that the direction of the nacelle is such that a reflection is visible during the
ON measurements, but not during the OFF measurements).

1 Asfurther evidence:  The spectral structure may be such that it roughly corresponds to one or
more of the signals asfound during EMC tests of individual components of the WTG inthelab . By
interactions of the various components of the WTG may amplify the signal to a level much higher
than the individual measurements show.

T Furthermore, if the spectral st the sttuaureeofdknenndédt seem
transmission source then it is likely the signal originates from the WTG.

4.2  Analysis reports

Automated in the processing pipeline, analysis reports are generated per measu rement and per frequency
band. Most of the reports have the latest format, described below. Some reports have not been updated and
are listed below :

3. V-pol, 3 -sep-2019, Normal operation, HBA_MID
7. V-pol, 4 -sep-2019, Wind turbine off, HBA_MID
11. V-pol, 13 -sep-2019, EMC Shutdown, HBA_MID
15. H-pol, 10 -sep-2019, Wind turbine off, HBA_MID
19. H-pol, 11 -sep-2019, Normal operation, HBA_MID
9. V-pol, 13 -sep-2019, EMC Shutdown, LBA (including UPS)
21. H-pol, 12 -sep-2019, EMC Shutdown, LBA (including UPS)
They have the following contents (the difference between new and old will be indicated)

1 General ( new ):
o Page header: Reference (report numbegenepdated?)
o Title page: Subtitle (Appendix number and contents line)
o Update of Prepa red, Checked and Approved table)
0 Section 1) Introduction text updated, depending on contents
1  Spectrum per band:
L-Plots over the frequency range of the specific frequency band in three forms:
o No averaging,
0 Averaged over 1 MHz,
0 Averaged over 1 MHz zoomed in between -20dBand i 50 dB.

6 See: https://en.wikipedia.org/wiki/Digital_audio_broadcasting

to m

Ver s
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T Calibration fisolutionso for the i mage
0 Spatial distribution of the flux maxima around the calibration source
Not averaged and seen from three directions:
A Fromabove (new =in the direction of LOFAR, indicating the smal | cube around the
reference source in orange)
A New: facing LOFAR, Old:  From the south side
A New: perpendicular to facing LOFAR, Old: From the west side
0 Signal to noise ratio (SNR) of the Calibration Source
Calculated per LOFAR dipole:
A SNR using dipole DXX
A SNR using dipole DYY
A SNR using dipole SUM
o0 Computed delays for each station to the main station
Between specific LOFAR antennas
1 Reference source correctio ns:
Different corrections that been applied, based on calibration data
o0 NPL calibration corrections, over the frequency range of the specific frequency band
o Temperature corrections, over time
o Voltage corrections, over time and frequency
0 Withrespectto the attenuator: All measurements have been conducted with a 0 dB reference
source signal, and as such the attenuator hasn't been incorporated in the signal path. The
attenuator has been disregarded in the source.

o Total of all corrections
1 WTGdata :
0 Spatial distribution of the flux maxima around the WTG
Showing cube maxima with different colours for maxima in the centre cube and those
outside the centre cube, seen from three directions and with three different averaging
(using 5 times MAD 7) options.
A Seenfromabove (New =in the direction of LOFAR, indicating the small cube
around the WTG in orange)
1 averaged over 1 MHz
1 averaged over 240 kHz
1 not averaged
A New: facing LOFAR, Old:  Seen from the south side
1 averaged over 1 MHz
1 averaged over 240 kHz
1 not averaged
A New: perpendicular to facing LOFAR, Old: Seen from the west side
1 averaged over 1 MHz
1 averaged over 240 kHz
1 not averaged
o New: Frequency detail overviews. The number of frequencies , for which the details are
shown , is based on linear distribution over the frequency range using steps of 2 MHz,
which comes downto (f  max -fmin) /2. Additionally, anumber of specific frequencies of
interest have been added. Table 7 lists the all the frequencies used per frequency range.
Each analysis page consists of:

A An ACMand flux plotwith the reference source ~ OFF and dipole SUM ,

A Alimited L-Value plot around the specific frequenc  y (Black dashed line:  -35dB
threshold, Red dashed line: the specific frequency  being analysed here).  If there
are few or no maxim a to see inthe plot , this is because these maxima exceed the
scale of the plot.

A Improved 3D side views for1 MHz frequency -averaged cubes around the WTG
The images show the location of the maxima (Blue circle : of the inner cube, Black
circle: the total cube, White dot: location of WTG). Five vies are shown:

1  Top view, showing inner cube around the WTG (Orange) and axes towards
and perpendicular to LOFAR

7 https://en.wikipedia.org/wiki/Median_absolute_deviation
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1 Eastlooking west
1 South looking North
1 Facing LOFAR
1 Perpendicular to facing LOFAR
o Old:
A ACM and flux plots , with the reference source OFF and dipole SUM and the
frequencies linearly distributed over the frequency range.
A 3Dsidevie wsforl MHz frequency -averaged cubes , with frequenc ies linearly

distributed over the frequency range

interest .

, and including some specific frequencies of

With 6 measurements and 4 frequency bands per measurement, the number of automated generated
analysis reports is 24. They are appendices to this report and have been listed in Appendix 6.2.

Table 7:Frequenciesin f

LBA HBA_LOW

31.117 59.047 109.895
33.070 61.153 110.957
35.023 63.106 112.758
37.129 65.059 114.864
37.239 66.774 116.927
37.325 67.122 118.727
39.082 69.075 120.833
41.035 71.156 122.914
43.141 71.895 124.739
45.094 72.719 126.820
45.375 73.109 128.926
47.047 75.063 131.032
49.153 76.302 132.832
51.106 77.168 134.938
53.059 77.516 137.044
55.208 79.121 138.844
57.094 80.141 140.950

143.031

144.856

146.938

148.763

150.844

152.950

4.3 Overview of the results

requency detail overviews of new

analysis reports
HBA_HIGH
154.750 210.762 224.867
156.856 = 211.739 | 225.716
158.961 212.367 227.797
160.762 212.910 229.750
162.825 = 213.148 | 231.703
164.973 213.692 233.723
167.055 | 215.102 | 233.766
168.813 215.797 235.719
170.961 217.751 237.825
173.024 | 219.704 | 239.778
174.825 221.809 241.731
176.930 | 222.981 @ 243.684
178.969 @ 223.763 @ 245.766
179.274 224.739 247.719
179.469 249.825
180.836
182.942
185.023
186.696
186.848
188.930
189.388
189.516
189.864

For convenience, per polarisation direction (H and V) and for each of the frequency bands (LBA, HBA_LOW,

HBA_MID and HBA_HIGH), we summarize the L

in the following subsections, with a short description where the L
summary is followed by a more detailed analysis.

L-value p lot legend :

Orange

Light grey

Black
Red

Ref erence source
because the narrow band signal characteristic of the source)

Measured noise floor
3-sigma line

Measured maxima outside centre cub
Measured maxima inside centre cube
Window around frequency attention

-value plots for the three WTG -modes (ON, OFF, and SDM)

-value plot warrants more discussion. This

| e @t eldviate§ @ bitdfBro thd G dBevalue
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4.3.1

L [dB]

L [dB]

L [dB]
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—50 1

V-polarization LBA

The L value for Iba_v_03sep_on at dipole DXX and freq. averaged: 1000kHz

V-ON LBA (3 -sept)

Frequency attention:
- 60to 80 MHz
- 42 to 46 MHz
- 36 to 41 MHz

30 40

50 60 70 80

Frequency [MHz]

The L value for Iba_v_04sep_off at dipole DXX and freq. averaged: 1000kHz

/W_.,_/f—*—-"—- V-OFF LBA (4 sept)

30 40

50 60 70 80

Frequency [MHz]

The L value for Iba_v_13sep_sdm at dipole DXX and freq. averaged: 1000kHz

///_‘,,_v_.___,’—’—"‘*"——’v V-SDM LBA (13 sept)

Frequency attention:
- 60to 80 MHz
- 461048 MHz
- 421046 MHz
- 36to41 MHz

30 40

50 60 70 80

Frequency [MHz]
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For the V -POL data, we have seen the following areas warranting additional analysis:

1 36to41 MHz.
42to 46 MHz.
T 60 to 80 MHz.

36to41 MHz : The spectral features, especially in the noise, that are visible during the ON measurements,
we also find in the graph for the OFF measurements. This may indicate that the - 35 dB exceedance is caused
by excessive noise in the environment.

We have plotte d for two frequencies the voxel cubes for the ON and for the OFF situation. The 37.2 MHz is

a clear example of a noise contaminated frequency. The 40.6 MHz frequency does seem to contain a signal

from the WTG, but the signal is visible in both the ON and t he OFF situation, leading us to believe it is a
reflection by the WTG rather than a source from the WTG.
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Figure 8: Voxel cubes for 37.2 and 40.7 MHz during the ON measurements.
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Figure 9: Voxel cubes for 37.2 and 40.7 MHz during the OFF measurements.
42 t0 46 MHz: The noise structure in this region for the ON and OFF measurements have many similarities.

It seems that these exceedances are caused by noise from the environment.

46.48MHz : We al so investigated the 46 €é48 MHz area, mainly becal
pol results, but more prominently in the H -pol measurements (Sec tion 4.3.5). We investigated the imaging
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pictures in the range 46¢é48 MHz, and many of these i mages
some indication of a single source responsible for the main emission. In the figures below, we have plotted
the resulting image of this frequency togeth er with its  neighbouring images.
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Figure 10 3D image around 47.1 MHz during the V

- pol ON measurements.

We have analyzed the same frequencies for the OFF measurements as shown in the figures below. Again,
the majority of the images are noisy, but similar to the ON measurements there is an indication of a single

source at47.1 MHz and also in the
as well as in the ON mode.
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frequencies. Thus, we see a similar signal, in the OFF modes
So, we tend to believe that the disturbance is from a source outside the WTG.
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Figure 11 3D image around 47.1 MHz during the V - pol OFF measurements.

60 to 80 MHz: There is substantial difference between power values for the ON and OFF measurements,

while on the SDM measurement we see a structure similar to the ON measurements. This either ind icates
that the signal is a reflection visible during only the ON and SDM mode, or from equipment that was switched

on during both ON and SMD mode of the WTG. The fact that the signal seems to be rather broad banded

(60 .. 80 MHz) and no external source wi th such spectral structure is yet known to the team, makes the
hypothesis that a single source causes the reflection not very likely.

We see signals that seem to be originat ing fromthe WTG itself (such as 67.2 MHz and 73.5 MHz in the figure
below), butth e 72.7 MHz frequency seems to be dominated by noise. For the 75.9 MHz we might even see
a reflection pattern that corresponds with the blades of the WTG.
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Figure 12 : Some frequencies in the 60 ...80 MHz region during the ON day

There is also a peak visible at 67..68 MHz in the ON -mode measurements results and also in the OFF -mode
measurements results. It also seems to be visible in the SDM -mode measurements. Although the voxel cube
indicates a visible hotspot for the signal at the WTG -location, a s this peak is also visible in the OFF -mode,
we must assume that this peak results from a reflection outside the WTG.  Similarly, at 78 MHz we see a

peak during the same measure ments as well.
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Figure 13 : Voxel cube result for the 67.2 MHz frequency during the ON day
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4.3.2
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Frequency attention:
- 110 to 122 MHz
- 133 to 137 MHz
- 160to 163 MHz
- 174 to 190 MHz
reflections)

(most likely

V-OFF HBA _LOW (4 sept)

V-SDM HBA _LOW (13 sept)

Frequency attention:

- 110to 112 MHz
- 174to0 190 MHz
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110 ¥ 112 MHz
The spectral structure is visible in the ON, OFF, and SDM mode. In fact, the spectral structure is strongest
in the OFF mode. This fact strengthen s the belief that the source of the signal must be outside the WTG ,or

an IM -product caused by the nonlinear behaviour of the LOFAR receiver chain
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Figure 14: Voxel cube ofthe 112. MHz measurement during the ON day.

133é137 MHz

The 133 €137 MHz region is present i n ON,,afdbss ASTR@N h&Dnllicatectim s ur e me r
this area typically contaminated with spurious signals from intermodulation (IM) due to the nonlinear

character of the LOFAR chain. For reasons of completen

ess we further analysed the  areaaround 13 3é 137

MHz, and found many noisy voxel cubes. The figure below presents four neighbouring frequencies around

137.2 MHz, which are found

to be the fAsharpesto i mage.

measu rements does have strong reflections in this frequency as well, and only in a small frequency area a
reasonable sharp image can be found, we must assume that the source is outside the WTG , and most likely

due to the LOFAR receiver chain itself.
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Figure 15 : Voxel cubes of four neighbouring frequencies around 137.2 MHz during the ON day.

Forthe 160 é 1 6 BIHz region 7 presentin ON, OFF and SDM measurement data
a i s amddisoussédeabove) Kh@va fbreahtavidiion of spurious IM

indicated this are
products.

I and as ASTRON has

For completeness sake,  we have analysed the resulting voxel cubes in this frequency area for the WTG inin
are dominated by noise, see Figure 16. There is a small bandwidth of

ON-mode measurements, and most
approxi mately 100

images for these frequencies seem to in
originates from reflections from a source

As there is a similar spectral feature
known for spurious IM produc ts, itis

kHz (160219 kHz ¢é 160329

kHz)

dicate signals also from the blades, which indicates tha

outside the WTG.

for the measurements with the WTG in the OFF
likely that the signal comes from outside the WTG

wher e
t the signal

-mode, and the area is

The 174 ¢é 190 rebibmis known for DAB transmissions, and the signals that we find have the spectral
structure that we expect from these transmissions. Thus, we assume that the signals that we
region are reflections of the DAB transmission.

find in this

a

S
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Frequency attention:

- Large number of frequency ranges

- All most likely reflections, due to
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- All most likely reflections, due to
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All frequencies for which the power exceeds the -35 dB seems to be related to DBA ordigital TV transmission
reflections, because the spectral structure seem to correspond to transmis sions of approximately 1.5 MHz
wide. Itis also known from ASTRON experience that DBA transmissions contaminate this frequency band.
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Figure 17 Voxel cubes 189.3 MHz during the WTG = ON measurements
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For the region 210..230 MHz , we find the various -35 dB exceedances, for  which we either find:

1  The spectral structure is 1.5 Mhz wide, indicating a DAB transmission
T And the exceedances can also be found in the OFF mode and SDM mode.

Thus, we must assume that the found exceedances cannot be blamed to sources inside the WTG.

For the ON measurement we find a signal between 232 é 234 MHz . The signal does have a spectral

structure that is similar to the DAB transmission as given above (indicating reflection), and can also been

seen in the OFF and SDM measurements, although not so st rong. In the Netherlands and Germany, DAB
transmissions are  allocated up to 230 MHz , and therefore, we must assume that thi
from a DAB transmitter in the Netherlands or Germany. In Denmark and Norway, however, DAB

transmissions are allocated up to 235 MHz, which might reach the WTG location under ideal atmospher ic

conditions.

One explanation could be that due to different yaw directions the signal reflection properties of the WTG are
different for these days. We have investigated the voxel cubes of the OFF measurements and did find a
reflected signal (see figure below).

This all may indicate that the signal that we find in the O
from the WTG itself, and maybe more likely  areflection form a DAB transmitter in, e.g., Denmark.
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Figure 18: Voxel cubes 233 MHz during the WTG = OFF measurements



s & t WTEM_LOFAR
Final Report

Reference : ST-WDMO-WTEM-REP-005
Version : 1.2 Final
Date : 19 Nov 2019

page
39/94

4.35

L [dB]

L [dB]

10

=10 4

—50 1

10

=10 1

—20 1

—30 1

10

—10 1

—30 1

H-polarization LBA

The L value for Iba_h_11sep_on at dipole DYY and freq. averaged: 1000kHz

N

30 40 50 60 70 80
Frequency [MHz]

The L value for Iba_h_10sep_off at dipole DYY and freq. averaged: 1000kHz

30 40 50 60 70 80
Frequency [MHz]

The L value for Iba_h_12sep_sdm at dipole DYY and freq. averaged: 1000kHz

30 40 50 60 70 80
Frequency [MHz]

H-ON LBA (11 -sept)

Frequency attention:

- 60to 80 MHz
- 46 to 48 MHz

H- OFF LBA (10 sept)

H-SDM LBA (12 sept)
Frequency attention:

- 60to 80 MHz
- 381040 MHz




WTEM_LOFAR Refe_rence ST-WDMO-WTEM-REP—OOS
& Final Report Version : 1.2 Final page
P Date © 19 Nov 2019 40/94
46..48MHz  : In 47 MHz range for the H -polarization there also seems to be some signal present. Again, we
investigated the imaging pictures in the range 46é48 MHz, and

but at 47.047 we have the sharpestimage. In th e figures below, we have plotted the resulting image of this

frequency together with its neighbouring images.
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Figure 19 3D image around 47.1 MHz during the H -pol ON measurements.
We have analysed the same frequencies for the H -pol with the WTG in the OFF mode, which we show below.
It is hard to tell whether we do or dondét see tihteeOd amode

(as depicted above). Of course, if the signals, as presented in the WTG in the ON mode are reflected signals

from the WTG, the yaw direction of the nacelle may affect the strength of the reflection. Unfortunately, as

no log has been maintai  ned during the OFF -measurements (all equipment was switched off), there is no way
to tell whether the nacelle was exactly in the same direction as during the ON measurements.

However, we have also seen that many disturbances are often unpolarized. Thus, in such an unpolarized
case, a signal should be visible in both the H -pol and V -pol measurements. We have given in Figure 11 the
images for the same frequencies for the V -pol measurements where the WTG is in the OFF mode. As

remarked for the V. -measurements, these images do give the impression of a signal in the same frequency
range.

Thus, we see a similar signal, as measured d uring the H -pol measurements when the WTG was in the ON

mode, also during the measurements when the WTG is in the OFF mode, albeit during the V -pol

measurements. Assuming the disturbance is unpolarized, we may be tempted to conclude that the
disturbance is  from a source outside the WTG.
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