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Abstract:

In this paper the most frequently used power quality indices are reviewed, and an hybrid algorithm for
power quality index determination is proposed. The algorithm is based on the wavelet transform and is
not limited to stationary waveforms. The wavelet transform is used to detect, classify the signals and to
calculate the Total Harmonic Distortion (THD). In cases where the wavelet transform is not applicable, its
detection capability allows to identify the signals and the choice of another index is done to calculate the
harmonic distortion. Advantages of the new index are highlighted and its performance is compared with

the traditional set of indices.
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1 Introduction

Although harmonic distortion has always
existed in the past, its levels have risen recently
with the increase in the use of non-linear loads.
In addition, the use of sensitive electronic
circuitry has grown. Moreover, the progress of
utility deregulation and competition requires
greater demand on the quality of power.

For this reason, in order to identify and define
acceptable limits of distortion levels, standards
have been established [1],[2],[3].[4] and several
indices have been developed condensing the
information provided by voltages and current
signals from complex time and frequency
domain into a number.

One of the most commonly used index is the
total harmonic distortion (THD)[2], that is based
on harmonic components of currents or voltages
that are periodic signals. Thus, the condensation
of information associated with signals that
contain aperiodic, quasi periodic, or non

integer multiples of power frequency terms may
be misinterpreted, which happens in many
industrial loads [7].

The aim of this paper is to propose a general
algorithm for index determination that can be
used not only for periodic signals but also for
non periodic ones. The algorithm is based on
wavelet transform since its capability for signal
classification and identification is proven [9].

The paper is organized as follows: first,
different methods used for index determination
are presented, then, the proposed algorithm is
described and tests results on simulated and
recorded signals are presented; finally the most
important conclusions are discussed.

2 Index definition:

Total harmonic distortion THD is the most
frequently used power quality index and is
defined as follows [1]:
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Where i represents the harmonic order, Vi
represents the amplitude of the harmonic i, V1
denotes the amplitude of the fundamental
quantity, and N is the maximum number of
harmonics considered. These quantities are
calculated through the use of the Fast Fourier
Transform (FFT). Although the algorithm is
simple, the main disadvantage of the THD
determined by Eq. (1) is that its application is
restricted to periodic signals.

To overcome the limitations of the THD, the
Windowed Discrete Fourier Transform (WDFT)
can be used instead. For a given signal x, the
WDFT is defined as:
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where the window is defined by the window
step R, and i is the ith DFT calculated; once
these two parameters are selected, the frequency
spectrum is defined by the sampled frequency
spectrum k, L is the window width, and N is the
number of points used in the DFT calculation.

The WDFT allows to calculate an harmonic
index in different intervals within the signals,
and can be considered as periodic. Based on the
WDFT the Short Term Harmonic Distortion



(STHD) index can be defined for each window
and calculated as [7]:
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One important limitation of the STHD, is the
definition of the window size [10], since the size
of the window needs to be previously set up, the
signals should be pre processed before in order
to identify the intervals where the signals can be
considered as periodic. Another suggested
solution is to set the window size to one cycle
which is expensive in terms of computational
efforts. Moreover, the window should be set up
for an integer number of cycles.
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In order to improve the computational cost and
to take advantages of the detection capabilities,
harmonic indexes can be determined using the
wavelet transform.

Wavelet transform is a linear transformation
that allows time localization of different
frequency components of a given signal.

Consider a scaling function ¢(X) and a wavelet
function /(X) , defined as:

o(x) = h(k)V2.p(2x—k)  (4)and (5)
w(x) =2 (-D)*h(-k +1).0(2x k)

where coefficient h(k) is calculated as :
h(k) = (p(x),(2x=K)) ~ (6)

Then, a family of functions can be expressed as
a linear combination of the scaling and the
wavelet function by dilations and translations:
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It is a linear transformation much like the
Fourier transform with an important difference,
however: it allows time localization of different
frequency components of a given signal. Then
the analyzing functions, which are -called
wavelets, will adjust their time-widths to their
frequency in such a way that higher frequency
wavelets will be very narrow and lower
frequency ones will be broader.

Given a function f(t), its continuous Wavelet
Transform (WT) will be calculated as [9] where,

a and b are the scaling (dilation) and translation
(time shift)constants respectively, and psi is the
wavelet function which may not be real as
assumed in the above equation for simplicity.
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Wavelet transform of sampled waveforms can

be obtained by implementing the Discrete
Wavelet Transform (DWT) which is given by:
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where, the parameters a and b in Eqg. (9) are
replaced by @, and K.a;, k and m being

integer variables. In a standard DWT, the
coefficients are sampled from the continuous

WT on a dyadic grid, a, =2 and b, =1.

Actual implementation of the Discrete Wavelet
Transform, involves successive pairs of high-
pass and low-pass filters at each scaling stage of
the Wavelet Transform. This can be thought of
as successive approximations of the same
function, each approximation providing the
incremental information related to a particular
scale (frequency range), the first scale covering
a broad frequency range at the high frequency
end of the spectrum and the higher scales
covering the lower end of the frequency
spectrum but with progressively shorter
bandwidths. Conversely, the first scale will have
the highest time resolution, higher scales will
cover increasingly longer time intervals.

Therefore, the Wavelet Total Harmonic
Distortion\ (WTHD) can be defined as a ratio of
the sum of squares of all the weighted
coefficients details of the signals to the sum of
squares of the lowest frequency band
approximation coefficient, and its square root is
taken:

(11)




where: d; represents the coefficient detail, a,,

the approximation coefficient, and m represents
the number of wavelet scales.

The index represented by Eq. (11) introduces a
measure of the high frequency content of a
signal as compared to its fundamental frequency
and proposed in this paper, as the index in the
algorithm to replace the indices of Eqg. (1) and
Eqg. (3) in cases where these indices give an
incorrect meaning or to reduce the
computational effort. Therefore, an hybrid
methodology is proposed in order to get the
most of the index determination methods. The
proposed method is explained in the next
section.

3 Proposed method

The algorithm is based on the Wavelet
Transform Coefficients WTCs, the signal is
decomposed into WTCs using the Wavelet
Transform. Then, decisions are made by
observing the reconstruction of the high
frequency signal based on the high frequency
WTCs, named scale 1 coefficient.

Insignificant high frequency coefficients will
imply that the signal is periodic, and the
harmonic distortion is calculated using Eq. (3).
It is observed that if signals have non stationary
harmonics, WTCs for scale 1 shows peaks at the
start and at the end of the harmonic change.
Therefore, the signal is partitioned into different
segments limited by the time identified by these
spikes and the calculation is made again using
Eq. (11) for the different signal segments.

Similarly, it is observed that a significant peak
in scale 1 WTCs is shown when transients are
present. Thus, the cycle that contain the
transient is not considered for that calculation.

Finally, if the scale 1 WTCs shows a significant
value all over the sampled signal, that is due to
the presence of interharmonics, WTHD will
give an incorrect interpretation, hence, the
harmonic distortion is calculated using Eq.(2)

Figure 1 shows the flowchart for the proposed
algorithm based on the wavelet transform
signals.

Next section contains results of simulations

used to test this proposed algorithm for various
signal types.

4 Test results

Different type of signals are considered for the
analysis, such as: stationary signals, signals with
non stationary harmonic components, stationary
signals with short time transient phenomena,
and interharmonics signals. While in principle
any admissible wavelet can be used in the
wavelet analysis, we have chosen to use the
Daubechies 4 wavelet as the mother wavelet,
with nine scale levels [11].
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5 Conclusions

An hybrid algorithm for Total Harmonic
Distortion Index calculation is proposed in this
paper. The detection process is carried out using
wavelet transform since its capability for signal
detection and classification is proved, therefore,
it is more efficient to use it instead of
postprocessing the information using Fourier
Transform. In some cases it will not give a
correct interpretation, therefore, the algorithm
uses the Fourier Transform only when Wavelet
Transform is not capable to calculate the
harmonic distortion, however these cases are
identified through inspection of the signals
related to high frequency wavelet coefficients.
In addition to computer efficiency, index
determination based on wavelet transform does
not need an integer number of cycles to analyze
the signal.
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