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Abstract: This paper proposes a method to calculate the angular frequency of a wind turbine by using Artificial
Vision techniques. For a given video in which several wind turbines appear, the set of frames that compose it are
taken out. Then, a certain frame is analyzed to determine the wind turbines presented in the image. To deal with
that, a preprocessing is carried out in order to improve the image contrast. Applying several filters, main regions
of the image are emphasized remaining those ones which present a linear shape. They are identified as potential
towers. Next, a rectangular region is defined in the upper area of the rotor. For this region, the number of white
pixels is computed for every frame of the video. Maximum values correspond with blade sweeping that allow us

to compute the angular frequency.
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1 Introduction

A wind turbine is a machine that converts the kinetic
energy in wind into mechanical energy. If the mechan-
ical energy is used directly by machinery, the machine
is usually called a windmill. If the mechanical energy
is converted to electricity, the machine is called a wind
generator, or more commonly a wind turbine.

Fixed-speed wind turbines produce voltage
flicker during operations. Some reserchers have tried
to predict flicker emission from wind turbines at a cer-
tain site previously to installation [7]. Others have an-
alyzed the Doppler spectral content of the wind tur-
bine clutter (WTC) signal and have characterized it,
in order to develop specific mitigation schemes [2].

Image processing has been used in many scien-
tific fields, such as in medicine or biology, where re-
searchers represent different types of cells by its tex-
ture properties [4], or distinguish between alive or
dead cells by analysing their images [6]. In the re-
newable energy field, it has been also used to develop
a field calibration technique for aligning a wind di-
rection sensor to the true north [3], and to monitor the
damage of wind turbine blades by measuring its bend-
ing [1].

In this work, we have used image processing
techniques to calculate automatically the angular fre-
quency of an unknown number of wind turbines from
a video. The proposed method allows us to analise
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flicker emission from a wind turbine in such a way
that it is unnecessary to obtain the data from the wind
farms. This avoids to get permissions and other bu-
reaucracy that is sometimes a tough task.

In section 2 we present the process followed to
identify the towers and the blade sweeping. Obtained
results are showed in section 3. Section 4 gathers the
achieved conclusions.

2 Methods

2.1 Image adquisition

Having a short video with some wind turbines work-
ing, what we need to do first is to separate it into
frames. Matlab has a function that allows us to obtain
the frames of a video, so we use it, and we save those
frames in a directory so that we can use them later as
independent images. We suppose that the videocam-
era has not been moving while taking the video. If
not, it would not be possible to apply this method. In
case that the video is recorded from different points of
view, we just need to edit it and save each perspective
as an independent record.

2.2 Preprocessing

Once we have obtain the frames, we choose one to
locate the towers of the wind turbines. In order to
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do that, we have to process the image so that we can
distinguish between the wind turbines and the back-
ground. The preprocessing consists on turning the
color image into greyscale format, and then, mapping
the intensity values of the image to a new range by
modifying its histogram. To deal with that, the val-
ues in the original image are saturated at low and high
intensities. This mapping produces a higher-contrast
image as it is showed in Fig. 1.

Figure 1: (left) Original imagen. (right) Resulting im-
age after adjusting its histogram.

2.3 Segmentation

Segmentation consists on dividing an image into its
different parts. For doing it, we firstly convert the
greyscale image to a binary image, using the Otsu’s
method [5]. So, a threshold that minimizes the intra-
class variance of the black and white pixels is chosen.
The output binary image has values of 1 (white) for
all pixels in the original image whose luminance is
greater than such threshold and O (black) for all other
pixels. For this work, regions to analyze are white on
a black background (see Fig. 2).

Figure 2: Binary image obtained after segmentation.

Secondly, we create a two-dimensional filter with
a 3x3 kernel that emphasizes vertical edges by approx-
imating a horizontal gradient.
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Then, we apply it to the binary image, obtaining a
new image with the zones that better fits to the towers
(see Fig. 3).

Figure 3: By applying the Prewitt Filter, the most of
the background is removed, keeping vertical regions
of the image.

2.4 Tower detection

In the segmented image, we need to find those regions
that belong to the towers. As we have just found the
regions which better fit, we label them and measure
them, computing their areas. We sort them in order to
easily find the smaller ones and remove them. After
this process, we can see in Fig. 4 how the wind turbine
towers are identified.

Finally, we erode the non vertical regions by cre-
ating a flat, linear structuring element and applying it
to the image. This erosion is more agressive, such as
blades are removed and just the towers (really vertical
regions) are left (Fig. 5).

As this erosion may erode bits of some regions,
we superimpose the final vertical regions image to the
previous one, obtaining this way those regions that
determine the wind turbine towers as we can see in
Fig. 6.

2.5 Region of interest definition

Once we have identified those wind turbine towers
which appear in a frame, we define a rectangular box
of m x n pixels in the upper region of the rotor as it is
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Figure 4: Wind turbine towers correspond with the
bigger regions of the image.

Figure 5: Image obtained after the agressive erosion.

Figure 6: Final image where towers are white regions
on a black background.
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showed in Fig. 7. We define n as the tower width and
m = L/3, being L the tower height. We focus on this
region to determine when a blade sweeping happens.

Figure 7: For each wind turbine, a region of interest is
defined.

2.6 Blade sweeping identification

For all the frames that comprise the video, we ap-
ply the preprocessing and segmentation procedures
obtaining a binary image that keeps mostly the wind
turbine structures (see Fig. 3). For those images, we
compute the number of white pixels in the region of
interest previously defined. So, we can see how such
number varies across frames (Fig. 8). Maximum val-
ues indicate when the blade is passing, so we can cal-
culate the period 7.

Let be f; and f; two consecutive frames where
maximum values are achieved. As the wind turbine
presents three blades, the period 7" is computed as:

1
TZﬁ(fz’*fj)*S )]

being n the number of frames per second.
Finally we compute the angular frequency for
each wind turbine of the image as:

w=— 2)

3 Experimental Results

Experiments have been carried out considering three
videos of wind turbines. They have been captured
by using a digital video camera. The frame size is
768x576 pixels and is a true color image. Video
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Figure 8: White pixel variation in the region of inter-
est across the frames of the video.

Figure 9: Examples of videos considered for experi-
ments.

compression used is FMP4 and the frame rate, 1/25.
Videos present several wind turbines. at different dis-
tances and from different points of view. Examples of
frames of such videos are showed in Fig. 9.

For the considered videos, we compute the angu-
lar frequency of the wind turbines that appear in the
images following the proposed procedure. Obtained
results are showed in Table 1.

We can also know if the wind turbines that appear
in the video are in phase. For doing this, we compute
in which second of the video the blade passes for the
defined zone from the number of frame:

s— Ji
25

Table 2 gathers information about the phase.

3)

4 Conclusions

In this work we present a method based on image pro-
cessing to analyze the angular frequency of a wind
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turbine. From a video that presents one or more wind
turbines, towers are firstly identified by applying sev-
eral filters and morphological operators. Then an area
is defined in order to determine the blade passing. For
all the frames that comprise the video, the number of
white pixels in such region is computed. Maximum
values correspond with the blade sweeping so angular
frequency can be calculated. This is an useful param-
eter in flicker analysis for those cases where data are
not provided by the companies.
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Video  Wind turbine w during the video

238 228 238 228 238 228 249 228 209 249 249
228 238 228 228 238 238 262 2.09 218 238 2.28

Table 1: Angular frequencies computed by using the proposed method for the wind turbines that appear in the
considered videos.

Video  Wind turbine s of the video when the blade sweeping happens

032 120 212 3.00 392 480 572 656 748 848 932 10.16
0.56 148 236 328 420 5.08 596 6.76 7.76 8.72 9.60 10.52

Table 2: For each wind turbine, we compute when the blade sweeping happens.

ISSN: 1790-5095 233 ISBN: 978-960-474-159-5





