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Abstract. In this paper, a method for detection and
classification of some power quality disturbances
(namely transients and waveform distortions) is
presented. The method uses sine fitting algorithms for
extraction of the event from the voltage signal and for its
classification. The performance of the proposed method
is demonstrated by examples of measured events.
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1. Introduction
One of the most common power quality disturbances

encountered in power systems are transients and
distortions of the voltage waveform (such as harmonic or

Event detection

interharmonic distortions or notching). Monitoring of
these disturbances is an important task as these
disturbances may have harmful impact on the equipment
connected to the power system (e.g., increased levels of
harmonic distortion can cause overheating of motors [1]).

The presented method is an improvement of the method
presented by the authors [2] and improves the
classification stage.

2. Detection and Classification M ethod

The proposed method consists of two stages. In the first
stage the presence of potential events is detected. When
an event is detected, the method proceeds to the second
stage in which the type and the parameters (such as
magnitude and duration) of the event are determined.
Block diagram of the proposed detection and
classification method is shown in Fig. 1. Individual parts
are described in the following sub-sections.
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Fig. 1 Block diagram of the proposed detection and classification method



A. Event detection

In the detection stage of the proposed method, the power
system voltage signal u is processed using the
4-parameter sine fitting algorithm [3]. The 4-parameter
sine fitting algorithm is an iterative algorithm that
estimates the parameters (the in-phase A and quadrature
B component of the amplitude, the frequency ® and the
DC component C) of a single-tone signal

U, = Acos(wt)+Bsin(ot)+C - (1)

The algorithm minimizes the least-square error between
the measured signal u and the estimated signal Ug. The
4-parameter sine fitting algorithm requires initial
estimates of the parameters A, B, C and ®. These are
obtained using the 3-parameters sine fitting algorithm [3]
(the parameters A, B and C) with the frequency estimated
by the IpDFT algorithm [4].

Estimating the parameters of the fundamental Ur enables
to extract the component U, that contains potential events

u =u-u, . @)

The absolute value of the signal U, is further processed
using mathematical morphology operation closing [5].
The closing operation produces an envelope of the input
signal |u.| simplifying detection of potential events

Unioren = |Us| *S, (3)

where Sso is a so-called structuring element. The events
are detected using thresholding and calculating the
envelope removes multiples crossings of the threshold
level that belong to a single event.

In mathematical morphology, the value of each output
sample is based on the value of the corresponding input
sample and the samples in its neighbourhood. The size
and shape of the neighbourhood are defined by the
employed structuring element. The structuring element is
a signal containing zeros and ones indicating whether the
corresponding samples of the processed signal should be
included in the calculation or not. In this case, the
structuring element is a signal containing ones, whose
length corresponds to 50ms (2.5 periods of the
fundamental at nominal value). For more information on
the closing operation and its application in power quality
assessment see [6].

The events are detected by thresholding the output signal
of the closing operation Uyorpy using a threshold level
Morph_THR; i.e., an event is detected when the signal
Unorph €Xceeds this threshold level.

B. Classification

In the classification stage the type and the parameters of
the detected event are determined. First, the input voltage
U (the part that contains the event) is processed using the
non-iterative multiharmonic sine fitting algorithm [7].

The multiharmonic sine fitting algorithm estimates the
parameters of H harmonics (in our case H =40) of the
signal U (in-phase component A, and quadrature
component B,, DC component Upc). Estimating the
parameters of individual harmonics allows separating the
harmonic Uy and interharmonic Uy part of the detected
event

U, =u, +U, “)

quiA]cos(ha)t)nLBhsin(ha)t) ; (%)
h=2
Uy :u—uDC—iA]cos(ha)t)+ B,sin(hat). (6)
h=1

The employed non-iterative multiharmonic sine fitting
algorithm is in general less accurate than its iterative
version [7]. However, as shown in [8], when an accurate
estimate of the signal’s frequency is available, the
accuracy of the non-iterative algorithm is sufficient for
PQ measurements. Also, the non-iterative algorithm is
significantly faster. The described method uses the
frequency estimate ogpr provided by the 4-parameter
sine fitting algorithm.

The multiharmonic sine fitting is applied only to those
parts of the signal u that contain detected events. These
parts are further divided into segments that are one period
long (N samples) and the non-iterative multiharmonic
sine fitting algorithm is applied to each of these
segments. This allows evaluating the evolution of
harmonic and interharmonic components in time. In each
segment, the total harmonic distortion (THD) and the
total interharmonic distortion (TIHD) are calculated

Y (A+B)
THD=1"=—2_____ (7

JA +B

TIHD = /ﬁiuﬁl[n] : ®)

An event is classified as a waveform distortion when
either of the following conditions is true:
a) its duration exceeds 50 ms OR
b) its duration is longer than 20 ms and the THD
during the event exceeded the THD_THR
threshold.

This means that the proposed method considers an event
to be a waveform distortion when the event has a clearly
steady-state character (duration longer than 2.5 periods in
a 50 Hz power system) or it is at least one period (20 ms)
long and its harmonic content exceeds a preset threshold
level.

Other events are classified as transients; i.e. transients are
events that are
a) shorter than one period OR
b) longer than one period, shorter than 2.5 periods
and having mostly of interharmonic content.



The events classified as waveform distortions are further
marked as either harmonic or interharmonic depending
on the comparison of the maximum values of THD and
TIHD. Since in power systems there is always a certain
level of both harmonic and interharmonic distortion
present, the proposed method, before comparing the THD
and TIHD values, subtracts from these maximum values
the quiescent THD and TIHD values (THD, and TIHD,,
respectively). This enables to correctly conclude, which
of the component (i.e., harmonic or interharmonic)
caused the event. The quiescent THD and TIHD are
calculated using the non-iterative multiharmonic sine
fitting algorithm employing a voltage signal that does not
contain any events. A waveform distortion is classified as
a harmonic if condition

max{THD} ~THD, > max{TIHD}-TIHD, ~ (9)

is true and as an interharmonic otherwise.

The events magnitude Ayp is calculated as the maximum
value of Uyorpy during the event. The duration of a
waveform distortion twp is calculated as the time
difference between the time instant when the signal
Unmorpn crosses the Morph_THR level and the time instant
it returns below this level.

In case of transients, further processing is required since
the long structuring element Ss, used to obtain the Uyorpy
signal can make several neighbouring transients appear
as a single event. In order to separate the potential
multiple transients, the signal |ug| is processed using a
closing operation once again, this time with a structuring
element S, which is only 4 ms long. The resulting signal
is thresholded using the Morph_THR level in order to
determine the location in time and the duration (tr) of
individual transients. The transient’s magnitude Ag is
calculated as the maximum value of the signal after the
closing operation using S;.

3. Measurement Results

The proposed detection and classification method was
tested on events acquired in a single-phase 230 V/50 Hz
power system.

Fig.2 shows an example of a measured waveform
distortion. In Fig. 2a the voltage waveform acquired in
the power system containing the event is shown (see
Fig. 2b for a detail of the event). Fig.2c shows the
absolute value of the residuals after the 4-parameter sine
fitting |u,| and the envelope Uyorpy Of this signal obtained
using the closing operation. Also shown in this figure is
the threshold level Morph_THR used to detect the event.
Fig. 2d and 2e show the harmonic Uy and interharmonic
Uy components obtained using the multiharmonic sine
fitting algorithm. Using the results of the multiharmonic
sine fitting, the THD and TIHD values were calculated.
Graph showing the evolution of THD and TIHD during
the event is shown in Fig. 2f.
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Fig. 2 Example of a measured harmonic waveform
distortion and the signals used during the detection and

classification.



The event was classified as a waveform distortion
because its duration typ = 584.1 ms exceeded the 50 ms
limit and therefore it’s considered to have a steady-state
nature. The magnitude of the event is Awp = 0.305 pu.
The maximum THD value during the event is 0.087 (i.e.,
8.7%). Since the increase in THD value is bigger than the
increase in TIHD (see Fig. 2f), this waveform distortion
was further classified as a harmonic distortion.

Figure 3 depicts another example of a waveform
distortion. Also this event is considered to have a steady-
state character because its duration exceeds the 50 ms
limit. The magnitude of the shown waveform distortion is
Awp = 1.71 pu; its duration is twyp=127.87 ms. This
waveform distortion was classified as interharmonic
because the increase of the TIHD above the quiescent
value TIHD, was bigger that the increase of the THD
above THD,. The THD during the event reached 0.10
(10%); the maximum value of TIHD was 0.11 (11%). In
this measurement, the quiescent values were
THDy=0.02 and TIHDq=0.0013. The interharmonic
nature of this waveform distortion can be also seen by
comparing the signal uy (Fig.3d) and the signal uy
(Fig. 3e).

Finally, an example of a measured transient is shown in
Fig. 4. The event was classified as a transient based on its
duration tr=1.84 ms. The transient’s magnitude is
Ar =0.74 pu. Fig. 4c and Fig. 4d show that the transient
contains both harmonic and interharmonic frequencies.
However, as can be seen from Fig. 4e, the increase of the
interharmonic content during the event is more
significant. Note that the signal Uyorpy shown in Fig. 4c
is the signal after the second closing operation (using the
structuring element Sy).

4. Conclusion

The proposed method detects and classifies the following
three categories of events: i) transients; ii) waveform
distortions caused by harmonic frequencies and iii)
waveform  distortions caused by interharmonic
frequencies.

In the event detection stage, the method uses the 4-
parameter sine fitting algorithm to extract the potential
event. When an event is detected, the method uses the
non-iterative multiharmonic sine fitting algorithm to
separate the harmonic and interharmonic content of the
voltage during the event. The classification is based on
this information and also on the typical parameters of the
considered events [9].
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Fig. 3 Example of a measured interharmonic waveform
distortion and the signals used during the detection and
classification.
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Fig. 4 Example of a measured transient and the signals
used during the detection and classification.
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