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Abstract- Power quality has become very important issue over
the last decade. Poor quality can cause equipment failure, data
and economical. An automated monitoring system is needed to
ensure signal quality, reduces diagnostic time and rectifies
failures. In this paper, S-transform is used to analyze the power
quality signals such as swell, sag, interruption, harmonic,
interharmonic and transient based on IEEE Std. 1159-2009 to
detect, localize and classify the disturbance. The S-transform is
used to represent the signals in time-frequency representation
(TFR). ).To get an accurate TFR, the parameters are estimated to
identify the signal characteristics. The signal characteristics are
the root means square voltage (Vrms), total harmonic distortion
(THD), total non harmonic distortion (TnHD) and total
waveform distortion (TWD). To verify the performance of S-
transform several sets of data with different time duration are
analyzed to determine the accuracy of S-transform. The lowest
value of mean absolute percentage error (MAPE) gives the
highest accuracy to provide the best performance of TFD.

I. INTRODUCTION

Power quality is the availability of pure sinusoidal voltage
and current waveforms at 50 Hz (frequency power-line in
Malaysia) without any disturbances at the incoming point of
the supply system. Power quality problem results in failure or
manifested in voltage, current or frequency deviations with
results in the failure or disoperation of end-use equipment or
customer equipment and it also produces the burden to the
user and give a negative impacts on the environmental[l].
Power quality problems can cost business billions of dollars
each year in lost revenue, process improvement and scrapped
product. Major causes of power quality related revenue losses
are interrupted manufacturing processes and computer
network downtime[2]. In order to understand the causes of
equipment damaged due to disturbances in power line so it
required an automated system that can work online for power
quality analysis. Conventional techniques that are currently
used for power quality monitoring are based on visual of
voltage and current waveforms. The available equipment in
the market for the inspection can capture and print the power
quality data only at the current time. Therefore, a real time
computerized and automated technique for monitoring and
analysis is implementing to improve the power quality signal.
The real-time monitoring capable to classify the type of
disturbance and detect the disturbances, computing parameters
such as frequency, time and amplitude of power quality
signal, and also find the effective methods to mitigate them.

Power quality signal analysis is carried out using
transformation technique. Many techniques were presented by
various researchers for detect, analyzing or classifying power

quality problems in real time .One of the most widely used is
in signal processing is spectral analysis using Fourier analysis
which is Fourier transform[3]. The Fourier transform is
powerful technique for stationary signal because the
characteristics of the signal not change with time but it not
useful for non stationary signal because is inadequate to track
the changes in the magnitude, frequency or phase[3, 4].
Because of this problem the time-frequency representation is
introduced. There are several time frequency distributions
technique which is wavelet transform, short time Fourier
transform (STFT), Gabor transform, S-transform, and
spectrogram[3-7]. However, this paper focuses on time-
frequency analysis techniques to identify the signals in time
frequency domain because of the limitation of Fourier
transform which does not provide temporal information of
different frequency[3, 4].The STFT most often used but it
cannot track the signal dynamics properly for non-stationary
signal due to limitation of fixed window width[4, 8] .Wavelet
transform is good to extract the information from both time
and frequency domains but wavelet transform is sensitive to
noise and cannot identify the sag and swell and also transient
condition but the S-transform exhibit the ability of identifying
the power quality disturbances correctly[6, 8, 9]

The S-transform is proposed by Stockwell et al (1996 which
time frequency spectral localization method that combine
element of wavelet transform and short time Fourier transform
(STFT)[5, 6, 10, 11].The S-transform has a frequency
dependant resolution of time- frequency domain and entirely
refers to phase information. The S-transform is required to
emphasize the time resolution in the beginning time and
frequency resolution in the later of beginning time[6].the
advantage of S-transform provides multiresolution analysis
while retaining the absolute phase of each frequency.

In this paper, S-transform technique is used to represent the
signals in time-frequency representation (TFR) and then the
signal parameters are estimated and the characteristics of the
signals are calculated from the signal parameters. The MAPE
result is used to identify the accuracy of the signal
characteristics that are calculated from TFR. Lastly, the
performance of this system is verify by simulate the several
signals with different characteristics for each type of power
quality signal in order to determine the performance of TFD.

II. SIGNAL MODEL

In this paper, the power quality signals is divides into three
categories which is voltage variation, waveform distortion and
transient signal. Swell, sag and interruption signal are
categorized in voltage variation, while harmonic and



interharmonic are for waveform distortion and transient is for
transient signal. The signal models of the categories are
formed as a complex exponential signal based on IEEE Std.
1159-2009[12-15] and can be defined as : -
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where z,,(f), represents voltage variation, z,,(f) represents
waveform distortion and z,,,(f) represents transient signal. k
is the signal component sequence, A, is the signal component
amplitude, f; and f, are the signal frequency, ¢ is the time
while I1(?) is a box function of the signal. In this analysis, fi, #
and #; are set at 50 Hz, 0 ms and 250 ms, respectively, and
other parameters are defined as below :-

1.Swell: 4,=A45=1,4,=1.2,t,=70ms, t,= 170 ms

2.8ag: A, =A3=1,4,=0.8, ;=50 ms, t,= 140 ms

3. Interruption: 4| = 43= 1, 4,= 0, t;,= 80 ms, £,= 120ms

4. Harmonic: 4 = 0.5, /,= 3500 Hz, , f; = 4600 Hz

5. Interharmonic: 4 = 0.5, f,=3555 Hz f;= 4555 Hz

6. Transient: A= 0.5, f,= 1000 Hz, ;= 100 ms, t,= 115

III. S-TRANSFOM

Time-frequency analysis techniques present a three-
dimensional plot of a signal in terms of the signal energy or
magnitude with respect to time and frequency. This study
focused on S-transform to perform time-frequency of power
quality signals.

A. S-transform
The S-transform is combination a frequency dependent
resolution with simultaneous localizing the real and imaginary

spectra .The general S-transform is defined by the equation [4,
6].
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where A(?) is the signal and g(?) is a window function.

Windows function is a modulated Gaussian function
expressed by
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and the final expression is becomes

s@n=[_ h(t)%e(”)zfz Do (7)

where ¢ represent the time, and f'the frequency,

IV. SIGNAL PARAMETERS

Parameters of the signal are estimated from the time
frequency representation (TFR) to identify the signal
information in time. This information is important to detect
the power quality signals [16]

A. Instantaneous RMS Voltage
The instantaneous RMS voltage is

Sinax
Vo= | [Sxte.rr ™
0

where P,(t, f)is the time-frequency distribution and f,,,, is the
maximum frequency of interest.

B. Instantaneous Fundamental Voltage

Instantaneous RMS fundamental voltage is defined as the
RMS voltage at power system frequency [17]. It can be
calculated as
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where f| is the fundamental frequency that corresponds to the
power system frequency and Afis the bandwidth. In this
paper,Afis set at S0Hz.

C. Instantaneous Total Waveform Distortion

Waveform distortion represents all deviations of the voltage
waveform from the ideal sinusoidal waveform in terms of
magnitude or frequency the signal[17]. The instantaneous total
waveform distortion can be expressed as:-

Vrms (t)z - Vlrmy(t)z (9)

TWD(t) =
ST

where V,,(f) is the instantaneous RMS fundamental voltage
and V,,,(¢) is the instantancous RMS voltage.

D. Instantaneous Total Harmonic Distortion

Total harmonic distortion, THD is used to measure of how
much harmonic content in a signal .For example, a 50 Hz
signal distorted with a 2000 Hz harmonic[18]. The harmonic
can be defined as :-
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where V), ,..(£)is the RMS harmonic voltage and H is the
highest measured harmonic component

E. Instantaneous Total Nonharmonic Distortion

Voltage often contains interharmonic components that are
not multiple integer of the power system frequency. For
example, a 50 Hz signal distorted with a 255 Hz interharmonic
[14,15]. It can be written as:-
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V. SIGNAL CHARACTERISTICS

The characteristics of power quality signals are calculated
from the signal parameters. The characteristics present the
information of the signal and are used as input for signal
classifier to classify power quality signals. By using the
instantaneous RMS voltage, four signal characteristics can be
calculated such as duration of swell, sag, interruption and
average of RMS voltage and can be respectively defined
as:[14]
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meanwhile, duration of transient can be identified from the
instantaneous total waveform distortion and can be expressed
as:-

T
1 forTWD(t)>TWD
s = I{ () trans thres dt (16)

0 0 elsewhere

where TWD,,qs.mres 15 the total waveform distortion threshold
for transient. In this study, the threshold is set at 0.1.

Total harmonic distortion average and total interharmonic
distortion average are also important characteristics. They can
be calculated, respectively from the instantaneous total
harmonic distortion and instantaneous total interharmonic
distortion as follows:-

THD ,,, = !

T
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VI. RESULTS

In this section, the results of the power quality analysis are
discussed. Fig.1 to Fig.6 shows the examples of power quality
signals are represented in TFD using S-transform technique.
Analysis results were obtained from the TFD of power quality
signals and the parameters that are analyzed are RMS, THD,
TWD and TnHD values.

A. Signal Analysis for Voltage Variation

Voltage variations have three classes which is voltage sag,
voltage swell and interruption signal. The characteristics of
this signal are calculated from signal parameters by using
instantaneous RMS voltage and its duration

Fig.1a show the example of swell signal with magnitude of
swell signal is 1.2 pu between 70 untill 170ms at 50 Hz
(fundamental  frequency) and 2500 Hz (multiple
frequency).The contour TFR in Fig.1b shows that there is a
momentary increase of power at 2500Hz (multiple frequency)
from 45ms 154ms. The red colors in contour represent the
highest power while the lowest power in blue color. Fig.lc
shows that the RMS voltage increases from 1 pu to 1.2 pu
starting at 50ms for duration of 100ms.
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Fig. 1b : TFR signal for swell
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Fig. 1c : Root means square, RMS for voltage swell



In Fig.lc-d shows a total harmonic distortion (THD), total
nonharmonic distortion (TnHD) and total waveform distortion
(TWD) for the swell signals. The signal has THD 120 % at
50ms to 150ms and zero TnHD because the signal only consist
multiple frequency, 2500Hz.The value of TWD is similar with
THD because TWD is summition of THD and TnHD.
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Fig. 1f: Total waveform distortion, TWD for voltage swell

B. Signal Analysis for Waveform Distortion

Harmonic and interharmornic are categorized in waveform
distortion. The modelling of this signals are discussed in
previous chapter. Harmonic signals occur when the signal
consist multiple integer frequency at fundamental frequency,
whereas interharmonic occur at non integer multiple frequency
integer. The value of THD and TnHD is used to calculate the
characteristic of this signals.

The examples of the interharmonic signals are shown in
Fig.2, the signal consist of three frequency component
wherein fundamental frequency 50Hz, 3556Hz and 4555 Hz.
Fig.2b show the time frequency representation for

interharmonic signal.
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Fig. 2b : Time frequency representation using S-transform

Fig.2b shows the signal parameter of interharmonic signal
were estimated from TFR of S-transform. Fig.2c show the
RMS voltage of interharmonic signal constant at 1.54pu.The
THD is zero along the axis as per Fig.2d.However the TnHD
and TWD are steady at 92.36% as shown in Fig.2e and
Fig.2f. Therefore the figure clearly shows that the signal only
consist of interharmonic component.
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Fig. 2d : Total harmonic distortion , THD for interharmonic signal
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Fig. 2e : Total nonharmonic distortion ,TnHD for interharmonic signal
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Fig. 2f : Total waveform distortion ,TWD for interharmonic signal

C. Signal Analysis for Transient

The example of transient signal is model based on IEEE
standard where the transient signal occur at 100ms for
duration of 15ms and have two frequency component which



are fundamental frequency and transient frequency at 1000Hz.
The TFR also illustrates the duration of transient using S-
transform and frequency of transient signal.
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Fig. 3b : Time frequency representation using S-transform

As shown in Fig.3c, 3d, and 3f, RMS voltage, THD and
TWD respectively increased from normal magnitude between
97ms to 116ms It indicates that the duration of transient
happen.
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Fig. 3c : RMS voltage for transient signal
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D. Performance Measurement using S-transform

To determine the optimal technique, time-frequency analysis
by using S-transform, several set of signals with different time
duration have been used to analyze the accuracy of signal
characteristics. Each set was tested and the simulation results
were collected by using simulation software, MATLAB. In
order to assess accuracy of the simulation results, mean
absolute percentage error (MAPE) was used as index. Smaller
value of MAPE offers more accurate results. It can be define
as [18, 19]

N

1
MAPE = NZ

X, (m) = x, (M| 000
) %1004) (19)

where x; (n) is actual value, x,, (n) is measured value and N is
number of data.

The duration for voltage variation signals which is voltage
sag, swell, and interruption signal are measured based on
characteristic of power quality signal in IEEE 1159-2009
standard. The accuracy of the analysis is important to
determine the best TFD.Fig.4 shows the results of the
accuracy of the analysis are plotted in one graph. The sag
signal values closer to actual time duration compared to the
interruption and swell signals.
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Fig. 4 : Accuracy of the Analysis of Voltage Variations

VI. CONCLUSION

As a conclusion, this paper presents the analysis and
characteristics of power quality signals using S-transform. The
observation clearly shows that the TFR represent the useful to
determine the characteristics of the power quality signals. The
performance of this analysis is verified by using several set of
data with various characteristics power quality signals. The
results prove that the S-transform provides optimal
performance in terms of accuracy.
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