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determined before taking the necessary precautions to
improve the power quality [3].

Abstract. In this paper, energy of wavelet coefficients are
used for determining power quality disturbances (PQD) which
are important for power systems. These power quality
disturbances are voltage with harmonics, transient and flicker.
After analyzing energy coeffients based on wavelet transform,
these PQD are compared with healty condition. 50 Hz pure sine
is chosen as reference. These signals are generated by using
MATLAB. Sampling frequency is 25.6 kHz. Energy distribution
of detail coefficients are obtained by using 12 level Daubechies4 discrete wavelet filter. Parseval theorem is applied to wavelet
coefficients
for obtaining energy distribution of detail
coefficients of these relevant disturbances in different resolution
levels. Satisfactory results are taken visually when examining
energy distrubutions of these PQD. Also it is observed that these
PQD can be distinguished visually when their amplitudes are
increased. Energy coefficients of PQD and amplitude of PQD
are in direct propotion.

The effects of power quality disturbances can be
determined and the source of power quality disturbances
can be analyzed if disturbances classified correctly [4].
In this paper, pure sine and power quality disturbances
such as voltage with harmonics, transient and flicker are
dealt with.
Harmonics are voltages or currents that operate at a
frequency that is an integer (whole-number) multiple of
the fundamental frequency. In a power system, it is
desirable that the current and voltage waveforms are
sinusoidal. If current and voltage are sinusoidal, there is
only basic component, there are not harmonics. The
voltage and current harmonic components cause the
waveform to deviate from the sinusoidal form. Harmonic
components are produced by nonlinear elements with
current-voltage characteristics. If sinusoidal voltage is
applied to the linear load, the load current does not contain
harmonic components and the load current is sinusoidal.
Rectifiers, motor drive circuits, power electronic circuits
such as inverters, arc furnaces, gas discharge lamps are
examples of non-linear loads. Even if the source voltage is
sinusoidal, harmonic current will be drawn when a
nonlinear load is connected to the network. Therefore, the
sinusoidal voltage at the source output will be distorted to
the harmonic where the voltage is connected to the
nonlinear charge. Since the voltage of the bus bar is
harmonic, the linear loads connected to the same bar are
also affected by this and draw harmonic current.

Key words
Power quality disturbances, wavelet trasform, harmonics,
transients, flicker.

1. Introduction
In recent years, researchers focused on power quality
problems. Current that have 1200 phase difference and
almost same amplitude is wanted to be drawn from three
phase source [1]. The quality of the energy is ensured by
staying within these criteria. Also, quality of the power
can be defined as limitation cluster that allow devices to
behave desired manner without the loss of life and
performance. Power quality disturbances bring some
problems such as instability, short life and malfunction
together [2]. Sources and causes of disturbances must be
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Transients are used to describe unwanted events in power
systems and they occur in short time interval [5,6].
Transients are sudden increase or decrease in voltage or
651
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current [7]. Transients occur instantaneously in less time
than the half-wave when they are compared with voltage
sag and voltage swell. This is the difference between
transients and voltage sag, swell. In this short period,
voltage amplitude of transients can increase 5-10 times. In
other words, transients are changes that occur during the
transition from one permanent state to another of a
system.
Voltage fluctuation refers to periodic or random variations
in the voltage waveform. These changes can the range
from 90% to 110% of the rated voltage. The flicker is
caused by voltage fluctuations and can be recognized by
the human eye. It has been determined that the human eye
is susceptible to voltage in the 0.5 Hz to 25 Hz frequency
band. The flicker is caused by voltage fluctuations
between 0.5 and 25 Hz that can be visually perceived in
the electric light source.

Fig. 1: Time frequency relationship

Daubechies wavelet transform is fundamentally same as
Haar wavelet transform, however the only difference is in
contents of wavelet and scale function. The following
equations describe deriving Daubechies 4 (Daub 4)
wavelet and scale functions step by step used in this paper.
Scale vectors for Daub 4 at level 1.
V11 = (α1 , α 2 , α 3 , α 4 ,0,0,0,....)

In this paper, pure sine as a reference, harmonics, flicker
and transients are constituted in zero crossing point in
MATLAB in order to classify of power quality
distortions. The sampling frequency of each signal is 25.6
kHz.

V21 = (0,0, α1 , α 2 , α 3 , α 4 ,0,0,0,....)
V31 = (0,0,0,0, α1 , α 2 , α 3 , α 4 ,0,0,0,....)
..
..

In this paper, feature extraction vector is wanted to obtain.
Data size is very important before the classification stage.
So data size should be reduced. Most common power
quality is dealth with: voltage with harmonics, transient
and flicker. Sampling frequency is 25.6 kHz. Discrete
wavelet transform is applied to these disturbaces. Then
energy distribution of voltage with harmonics, transient
and flicker is obtained by using Parseval theorem. Energy
distribution of these power quality disturbances is
compared with the energy distribution of pure sine. Pure
sine is selected as reference. It is seen that voltage with
harmonics, transient and flicker and pure sine is
distinguished by examining their energy distributions.
Then amplitude of voltage with harmonics, transient and
flicker is increased. Energy coefficients of power quality
disturbances and amplitude of power quality disturbances
are in direct proportion.
2.

(1)

V N1
2

−1

= (0,0,0,....α1 , α 2 , α 3 , α 4 )

V N1 = (α1 , α 2 ,0,0,0,....0,0, α 3 , α 4 )
2

where
and N is number of samples.
As a generalized expression, Equ. (1) can be re-written as
below.

Vm1 = α1V20m−1 + α 2V20m + α 3V20m+1 + α 4V20m + 2

Scale vector for Daub 4 at level 2 is expressed below.

Vm2 = α1V21m −1 + α 2V21m + α 3V21m +1 + α 4V21m + 2
Wavelet vectors for Daub 4 at level 1.
W11 = ( β1 , β 2 , β 3 , β 4 ,0,0,0,....)

Discrete Wavelet Transform

Wavelet transform has been proven to very efficient in
signal analysis. The wavelet analysis block transforms the
distored signal into different time-frequency scales. It is
shown in Fig. 1. Wavelet analysis employs the expansion
and contraction of basis function to detect simultaneously
the characteristics of global and local of measured signal.
Wavelets allow the decomposition of a signal into
different levels of resolution (frequency octaves). [8] The
basis function (Mother Wavelet) is dilated at low
frequencies and compressed at high frequencies, so that
large windows are used to obtain the low frequency
components of the signal, while small windows reflect
discontinuities.

(3)

W21 = (0,0, β1 , β 2 , β 3 , β 4 ,0,0,0,....)
W31 = (0,0,0,0, β1 , β 2 , β 3 , β 4 ,0,0,0,....)
..
..

(4)

W N1
2

−1

= (0,0,0,....β1 , β 2 , β 3 , β 4 )

W N1 = ( β1 , β 2 ,0,0,0,....0,0, β 3 , β 4 )
2

where
β1 =

1− 3
4 2

, β2 =

3 −3
4 2

, β3 =

3+ 3
4 2

, β4 =

−1− 3
4 2

and N is number of samples.
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The relationship between β and
β 2 = −α 3 , β 3 = α 2 and β 4 = −α 1 .

α is

β1 = α 4 ,

sum of the spectrum coefficients of the Fourier transform
in the frequency domain [9].
1
N

As a generalized expression, Equ. (4) can be re-written as
below.

∑

f (n )

=

2

∑

n

ak

2

(13)

k

a
where N is sampling period and k is the spectrum
coefficients of the Fourier transform.

Wm1

=

β1V20m −1

+

β 2V20m

+

β 3V20m+1

+

β 4V20m + 2

(5)

To apply the theorem to the DWT, we use Equ. (13) to
obtain equation (14) that is Parseval’s theorem in the
DWT application [9].

Wavelet vector for Daub 4 at level 2 is expressed below.

Wm2

=

β1V21m −1

+

β 2V21m

+

β 3V21m+1

+

β 4V21m+ 2

1
N

(6)

In Equ. (7), A is called approximation and D is called
detail signal where F is synthesized signal.
At level 1, A is defined as:

A =

( F .V11 )V11

+ ( F .V21 )V21

(8)
where

At level 1, D is defined as:

dj

1
D1 = (F.W11 )W11 + (F.W21 )W21 + .... + (F.WN/2
)WN1 / 2

(9)

(11)

At level 2, D is defined as:
D 2 = ( F .W12 )W12 + .... + ( F .WN2 / 4 )W N2 / 4
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is the norm of the expansion coefficient

.

)12

(16)

(10)
4.

of

Feauture Extraction Method
Table I. – Frequency Band Intervals In Multi Resolution
Analysis

the

Decomposition

Frequency

Levels

Intervals
(Hz)

Parseval’s Theorem in DWT Application

In Parseval’s theorem, assuming a discrete signal f[n]is
the current that flows through the 1Ω resistance, then the
consumptive energy of the resistance is equal to the square
https://doi.org/10.24084/repqj16.420

1
NJ

P JD = (P J

Fig. 2. Signal Decomposition (Mallat Wavelet Tree)

3.

=

We make the Equation (15) to normalize by Equation
(16).

Inverse wavelet transform for Daub 4 at level 2 is
expressed in Equation (10).
F = A 2 + D 2 + D1
At level 2, A is defined as:
A 2 = ( F .V12 )V12 + .... + ( F .V N2 / 4 )V N2 / 4

2

t

PJ =

+ .... + ( F .V N1 / 2 )V N1 / 2

Fig. (2) shows schematic representation
mathematical procedure summarized above.

f (t )

The first term on the right of Equ.(14) denotes energy of
approximation coefficients and the second term on the left
of Equ. (14) denotes energy of detail coefficients. The
second term giving that energy distribution features of the
detail version of distorted signal will be employed to
extract the features of power disturbance [9].The process
can be represented mathematically by Equation (15).

Inverse wavelet transform for Daub 4 is expressed in Equ.
(7).
F = A1 + D1
(7)

1

∑
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d1

6400-12800

d2

3200-6400

d3

1600-3200

d4

800-1600

d5

400-800

d6

200-400

d7

100-200

d8

50-100

d9

25-50

d10

12.5-25

d11

6.25-12.5

d12

3.125-6.25

a12

0-3.125
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Energy Coefficients

Pure sine, voltage with harmonics, transient and flicker
zero crossing point are generated at Matlab for classifying
different types of power quality disturbances. Sampling
frequeny is 25.6 kHz. Daubechies-4 discrete filter is used
and 12-level energy distribution coefficients of detail
coefficients are obtained by using Equ. 15. d1 and d2
coefficients for transients, d5, d6 and d7 for harmonics
and d11 for flicker are important. So, 12 level signal
decompomposition are used. Fourier transform (FT) could
be used fort his analysis. However FT provides frequency
domain but wavelet transform provides both time and
frequency domain analysis. The third harmonic with a
magnitude of 15% and the fifth harmonic with a
magnitude of 15% are created along ten periods. 4 kHz,
1.5 pu transient are composed at 0.04 sn and 0.1 sn that
last 35 ms. Flicker with a magnitude of %10 that has 58
Hz inter harmonic is generated along ten periods.
Frequency band intervals in multi resolution analysis are
given in Table 1. Fig. 3-5 shows energy distribution
features of power quality disturbances. Energy distribution
features of pure sine is given in Fig. 6 for comparing
healthy signal and power quality disturbances. Pure sine is
chosen as a reference.

Energy Coefficients

Energy Distribution

Fig. 5. Energy distribution of flicker

Fig. 6. Energy distribution of pure sine

It has been observed that the related coefficients
increase with the frequency interval indicated in Table I
when examining energy distribution of detail coefficient
of voltage with harmonics, transients, flicker and pure
sine. Then the amplitudes of the three PQDs are increased
and the method is used again. Distribution of energy
coefficients that show distinguishing characteristic of
power quality disturbances based on wavelet transform are
given in Fig. 7,8,9,10.

Energy Coefficients

Energy Coefficients

Fig. 3. Energy distribution of voltage with harmonics

Fig. 4. Energy distribution of voltage with transients

Fig. 7. Distribution of energy coefficients that shows
distinguishing characteristic of pure sine based on wavelet
transform
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Energy Coefficients

5. Conclusion
In this paper, wavelet based feauture extraction method is
applied to power quality disturbances such as voltage with
harmonics, transients, flicker and pure sine is used as a
reference. Sampling frequency is 25.6 kHz and ten periods
of each signal are examined. Signal consisting voltage
with harmonics, transients, flicker and pure sine are
generated in MATLAB by using mathematical equations.
Then feature extraction method based on wavelet
transform and Parseval theorem is obtained. The most
important stage of classifying is obtaining feauture vector.
Thus data size can be reduced. Discrete wavelet transform
is applied to pure sine and voltage with harmonics,
transients, flicker. Energy distributions of detail
coefficients are obtained by decomposing 12 level
Daubechies-4 discrete wavelet filter. Equ.16 shows this
distribution. Energy distribution of pure sine is obtained as
a reference. It is seen that pure sine, voltage with
harmonics, transients, flicker can be distinguished visually
when looking at the energy distribution of pure sine and
these power quality disturbances and data size can be
reduced to very small values. When the energy
distribution of the voltage with harmonics containing the
3rd and 5th harmonic components is examined, there is a
increase in d5, d6 and d7 coefficients. Because there are
high frequency components in this voltage signal.
Especially according to Table 1, the increase in d6 and d7
coefficients is due to the presence of 3rd and 5th harmonic
components in the generated signal. In addition, an
increase amount is observed at d11 of the 3rd and 5th
harmonic signal.The flicker signal with 58 Hz
interharmonics has a flicker frequency of 8 Hz, so
increase in d11 coefficient is a distinctive feature. The
difference in the energy distributions of the voltage with
harmonics and flicker is that the voltage with harmonics
have high frequency, so the increase in the d5, d6 and d7
in the voltage with harmonics can not be observed in the
flicker signal because there is no high frequency in the
flicker signal. When energy distribution of 4 kHz transient
signal is examined, the significant increase in the
coefficients of d1 and d2, which express the high
frequency component. When we look at the energy
distribution features of the generated signals, it is seen that
the three different disturbances that we created can be
distinguished visually from each other and the data size
can be reduced to very low size. Then, the method is
analyzed by changing the amplitude of the PQDs. It has
been observed that there is a direct proportion between the
energy of the wavelet coefficients that define the
distortion related to the amplitude of the PQDs. When
there is increase in amplitude of PQD, related coefficients
rise. This feature makes it easier to classify types of
disturbances by methods based on intelligent systems.
Also, this method can be used for real time data. Real time
data can be observed by using power quality analyzer and
the data can be taken 10 periods length in order to
compare analysis results with synthetic analysis results.

Effects of harmonics

Energy Coefficients

Fig. 8. Distribution of energy coefficients that shows
distinguishing characteristic of voltage with harmonics based on
wavelet transform

Effects of transients

Energy Coefficients

Fig. 9. Distribution of energy coefficients that shows
distinguishing characteristic of transients based on wavelet
transform

Effects of flicker

Fig. 10. Distribution of energy coefficients that shows
distinguishing characteristic of flicker based on wavelet
transform
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