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A mixed mode empirical mode
decomposition (EMD) method based on

cosine window mask signal

LINA ZHANG', NAN WANG', HAO WU?

Abstract. To improve the effect of harmonic detection algorithm of wind power generation,
a kind of harmonic detection method of wind power generation based on aliasing empirical mode
decomposition (EMD) of mask signal of cosine window is proposed in the Thesis. Firstly, conduct
research on the EMD algorithm to improve the end effect of EMD algorithm based on mirror
extension and cosine window function and achieve aliasing improvement of EMD mode through
mask signal; secondly, conduct experimental contrast verification on the effect of EMD algorithm
on harmonic detection of wind power generation. The experimental results show that the harmonic
detection algorithm referred to can provide a more precise parameter distribution scope, reflecting
the advantage of the algorithm.

Key words. Cosine window, Mask signal, Empirical mode decomposition, Wind power
generation, Harmonic detection.

1. Introduction

Various power electronic inverters, non-linear and impact load in modern micro-
grid gradually connect to the micro-grid, bringing severe power quality problems
to the micro-grid and even the power distribution network after grid connection,
such as harmonic, inter-harmonics, voltage drop, voltage swell, voltage interruption
and etc. To ensure the safe and reliable operation of equipment in the power grid,
it is especially necessary to conduct real-time detection and analysis on the power
quality of micro-grid (especially harmonics) through microcomputer and automatic
monitoring equipment and then carry out the harmonic suppression.

During the practical engineering application, the pollution of power grid by har-
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monic directly influences the safety of power grid. For the detection and analysis
of power grid harmonic problems, domestic and foreign scholars put forward many
methods. Literature [| proposes the parallel detection algorithm of harmonic current
based on instantaneous reactive power theory. The dynamic response speed of this
kind of method is fast and the detection is relatively accurate. However, for the
instantaneous reactive power theory, the signal is only converted at time domain
which is adverse to spectral analysis of signal. Literature [| adopts a kind of fast
Fourier transform of window function to analyze the harmonic signal in power qual-
ity. The simulation indicates that the algorithm can better detect the frequency and
phase position of steady-state harmonic. However, the short-time Fourier transform
has the following disadvantages: the window is changeless and it is hard to ana-
lyze the non-steady harmonic signal; Literature || proposes the harmonic detection
technology based on wavelet transform algorithm. The wavelet transform has such
advantages as high calculation accuracy and good adaptivity. However, calculation
amount is large and it relies on the selection of wavelet basis function; Literature
[| proposes a kind of adaptive harmonic detection method based on least square
method. It has good real-time performance and can effectively extract the informa-
tion of fundamental wave and harmonic. However, its accuracy for the fundamental
wave with large frequency fluctuation range will be affected; in addition, there are
such analysis methods for harmonic detection in power grid as space vector anal-
ysis method, BP neural network method, d-q rotating coordination transformation
method and etc.

To improve the known effect of harmonic, a kind of harmonic detection of aliasing
EMD wind power generation based on the mask signal of cosine window is proposed
in the Thesis to achieve the improvement of harmonic detection level of wind power
generation.

2. EMD and relevant processing methods.
2.1. General of EMD method

EMD method can be regarded as a high-pass filter of wind power generation
harmonic which decomposes IMF one by one in accordance with the size of char-
acteristic time scale in the signal. In this method, all local extremums of signal
u(t) are firstly determined and then the local maximum and minimum values of the
signal are fitted with cubic spline function to form the upper and lower envelope
lines and obtain the average value of the upper and lower envelope lines denoted by
m1(t) and calculate: hi(t) = u(t) — mq(¢). If hy meets the condition of IMF, the
first IMF component will be got and denoted by ¢ (t); if the condition is not, take
h11(t) = hq(t) as a new signal and repeat the above steps till the hyx(t) meeting the
condition is decomposed and it will be the first IMF component ¢ (t) of the signal.
Then, separate ¢ (t) from the original signal and obtain r;(¢) and repeat the above
steps to get the second IMF component meeting the condition. After n times of

n
circulation, u(t) = > ¢;(t) 4+ rn(t) is got.

i=1
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During the above decomposition progress, the fitting error will occur during the
cubic spline interpolation due to the uncertainty of extremum at both ends of signal
at each time the envelope line being fitted with cubic spline curve and fitted envelope
line near the end deviates from the real envelope line and the errors are constantly
accumulated and diffuse inward with each decomposition calculation, thus causing
the end effect. However, the mode aliasing phenomenon is as follows: after the
EMD, an IMF component includes frequency component with large scale difference
or frequency component with a similar scale occurs in different components and
the occurrence of mode aliasing causes the original IMF component decomposed
by EMD losing the physical significance it shall contain. The research indicates
that the following situations may cause mode aliasing: (1) When the decomposed
signal contains discontinuous signal with small amplitude and high frequency, the
mode aliasing will occur in the decomposition result and this kind of discontinuous
signals are collectively referred to as “abnormal event”. (2) When the processed
signal contains components of a certain frequency or amplitude relation, the mode
aliasing phenomenon may also occur in the EMD result.

2.2. Improvement of cosine window function of EMD end

effect

EMD based on mirror extension and cosine window function can effectively re-
solve the adverse effect of end effect on signal decomposition. This method assume
to place a mirror respectively at both end of signal data; the image of data as part
of extension will be processed with the addition cosine window to form a new data
series with the processed extension data and original data; after the decomposition
processing of the new data series, only the original data processing result will be
output and displayed.

For the cosine window function, the definition is as follows: the amplitudes on
both sides gradually reduce from 1 to 0 and amplitude of the middle window function
is 1. The cosine window function is as shown in Fig.1. The process of windowing is
to multiply the extension part by attenuation part on both sides of the signal and
multiply the original signal by the middle part of window function. Accordingly,
it can be ensured that the sudden change on both ends of signal will not occur
after the windowing of the newly extended data to prevent the decomposition result
from excessively deviating from the actual curve and the value of the signal will
not change. Control the end effect of EMD on both ends of signal to slow down
the development towards the inside of data and ensure the correct decomposition of
data at the middle of signal.

2.3. Improvement of mask signal method of EMD aliasing
mode

During the research on EMD algorithm, Literature [| concludes that when the
frequency ratio of two adjacent components occurring in the signal containing more
than two frequency components is 0.5 < f1/fo < 2, the mode aliasing will occur if
EMD is used. Literature || proposes the mask signal method which can suppress the
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Fig. 1. Cosine Window Function

mode aliasing occurring during the EMD signal decomposition. For signal u(t), the
basic process of mask signal method is as follows:

(1) Create mask signals(t), s(t) = ag sin(27 ft).

(2) Carry out EMD decomposition on u4 (t) = u(t) +s(t) and u_(t) = u(t) + s(t)
and take their first IMF component respectively and denote them by z4 (¢) and z_ (¢).

(3) Calculate the average value of zy(t) and z_(t): z(t) = (z4(t) + 2—(¢))/2.
Take z(t) as the first IMF component decomposed of u(t).

Whether the mask signal method can effectively suppress the mode aliasing phe-
nomenon relies on whether the amplitude ag and frequency f of mask signal s(t) can
be accurately found out. For signal u(t), assume its highest frequencies as f1 and fs
and the corresponding amplitudes are M7 and M,. If t he frequency and frequency
of the signal meet the following conditions:

f1 < 1&&M; < RoyMs. (1)
f1>1&&f1 < Rifa. (2)

fi> 1L, Rifo < f1 < Rofa&&Mq < RoaMs . (3)
f1>1,f1 > Rafo&&cMy < RosMs . (4)

Where, R21 = 1.17R1 = 1.57 R2 = 2,R22 = 2,R23 =0.5.

The mask signal added at that time is s1(t) = My sin(27(f1 + f2)t). That is to
say the signal frequency id the sum of the above two highest frequencies and the
amplitude is the amplitude of the highest frequency. N — 1 mask signals shall be
added to the signal containing N frequency components during the decomposition
process. Repeat the above three steps till each IMF contains only single frequency
component.
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2.4. Steps for harmonic detection of wind power generation

The Thesis emphasizes on the research on the end effect and mode aliasing prob-
lems existing in the traditional EMD method and a kind of improved EMD method
is proposed combining the advantages of the existing processing methods, i.e.: solve
end effect problems through mirror extension and cosine window function method;
then suppress the mode aliasing phenomenon caused by abnormal event and similar
frequencies through high-frequency harmonic and mask signal method. Therefore,
the harmonic processing process of wind power generation based on the improved
EMD algorithm is as follows:

Step 1: Extend a section of time data on both ends of the original signal u(t) of
harmonic of wind power generation through the mirror extension and multiply the
whole section data by the cosine window function.

Step 2: Analyze the frequency range and characteristic of the above signal and
add high-frequency signal with a frequency higher than that of the abnormal event
and carry out EMD decomposition on it and to make the abnormal event submerge
in the high-frequency signal.

Step 3: Remove the high-frequency signal and abnormal components. If the
remaining IMF components do not contain mode aliasing, end the decomposition.
Otherwise, sum the remaining IMF components and margin error to get signal u’(¢).

Step 4: Carry out fast Fourier transform for «/(¢) and obtain all frequency com-
ponents contained fi, fs, -, fn and the corresponding amplitudes Ay, As, -+, A,.

Step 5: Create the first mask signal s(t) = A, sin(27(f, + fn—i)t) and carry out
EMD calculation for u/, (t) = u/(t) + s(t) and «’_(t) = u/(t) — s(t) and take the
first IMF as 2/, (t) and 2’ (t). Therefore, the first frequency component of signal
u'(t) IMF1 = (2 (t)+ 2 (t)/2.

Step 6: N — 1 mask signals shall be added to the signal containing N frequency
components. Continuously add mask signals in accordance with the mask signals
creation method in step 5 to decompose the original signal of harmonic of wind
power generation till only the last single frequency component of harmonic of wind
power generation is left.

3. Example of verification and result analysis.
3.1. Simulation signal experiment

Assume the expression of simulation signal as: w(t) = sin (275¢) + sin (2720¢),
sampling frequency as 1000Hz and sampling time is 0~1 s. Add mask signals to
signal u(¢t). It can be seen from the spectrogram of u(t) that the frequency com-
position is 10Hz and 15Hz and only one mask signal is required to be added. The
theoretical value of the mask signal is 25Hz. It is found from the experiment that
the actual mask signal frequency is smaller than the theoretical frequency. When
the mask signal frequency is 18.9Hz, the decomposition result is the best. Remove
the extension part during t he display of decomposition result as shown in Fig.2.

It can be seen clearly from Fig.2 that the mode aliasing phenomenon in the result
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Fig. 2. Amplitude and Frequency Decomposition of Mask Signal

is suppressed and deviation does not exist at the ends.
3.2. Experimental comparison of harmonic detection

The Thesis takes the combination of actual power grid data and simulation data
of a certain area as an example and takes harmonic current injected into the power
grid during the access of two wind power plants to power grid as the input random
variable. Analyze the power grid based on the harmonic analysis method proposed
in the Thesis after de-correlation. Concretely, assume two wind power plants (A and
B) as the harmonic injection source which will serve as the known random variable;
take harmonic current of two certain lines (X and Y) in the power grid as the random
variable (observation branch line) to be obtained; calculate the harmonic signal of
the random variable to be obtained with three methods respectively based on the
simulation data of harmonic current of two wind power plants. Calculation method 1:
Monte Carlo method (1000 times); calculation method 2: interval analysis method;
calculation method 3: harmonic detection method in the Thesis.

For simplicity, take the fifth harmonic current as an example. The harmonic
current injection in Area A conforms to the normal distribution with a mean value
of 0.5881 and standard deviation of 0.1028; The harmonic current injection in Area
B conforms to the normal distribution with a mean value of 0.4794 and standard
deviation of 0.1318. Take the phase position in Area A as the reference point and
then the harmonic current in Area B relative to the harmonic current in Area A
is I/60. Assume that the phase position of harmonic current in Area B relative to
that of Area B shows uniform distribution within in the scope 0 ~ 180°; take 15°
as step length and adopt the uniform sampling method, and then the probability
distribution of the phase position of harmonic current in Area B can be obtained.

Since the phase position information of the harmonic current of harmonic source
is considered, the harmonic signal calculation result of calculation method 1~ calcu-
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lation method 3 is as shown in Table 1. Monte Carlo method serves as the pseudo-
true value.

Table 1. Comparison of harmonic current distribution range of the observation branch line

. Method in the Thesis Interval analysis method Monte Carlo method
Name of line

Lower limit Upper limit Lower limit Upper limit Lower limit Upper limit

Line X 0.372 1.053 0.213 1.196 0.373 1.049
Line Y 0.429 1.215 0.264 1.423 0.443 1.247

It can be seen from the experimental comparison data in Table 1 that the upper
and lower limits given by the method in the Thesis are closer to the distribution
range obtained through Monte Carlo method and its accuracy is obviously higher
than that of the interval analysis method, reflecting the effectiveness of the harmonic
detection method proposed in the Thesis.

4. Conclusions

In the Thesis, a kind of harmonic detection method of wind power generation
based on the aliasing empirical mode decomposition (EMD) of cosine window mask
signal is proposed. It improves the end effect of EMD algorithm based on mirror
extension and cosine window function and achieves the aliasing improvement of EMD
mode through the mask signal method and then achieves the harmonic detection of
wind power generation of the improved EMD algorithm. The experimental result
indicates that the method proposed has higher detection accuracy.
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