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Abstract. For the detection and location of power quality disturbance signal problem, a disturbance
localization algorithm is proposed based on the mean sum of the square of S-transform amplitude,
with this method the time of occurrence and duration of the disturbance signal is simulated.
Simulation results show that the proposed algorithm is simple and effective, able to accurately
analyze the disturbance signal, and the magnitude of voltage perturbation, voltage sag and voltage
swell can be estimated.

Introduction

Widespread use of power electronic devices and other non-linear loads, bring to the grid power
quality problems, such as harmonics, voltage swells, voltage sags, voltage interruptions and other
high-frequency transient disturbances. The solution to these problems will depend on a variety of
timely and accurate disturbance signal detection, location and classification. Currently, most systems
use a Fourier transform, dq transform or wavelet transform to detect disturbances and extracting
features, then the use of neural networks to automatically identify quality disturbances. Fourier
transform part of the global transformation, were only able to analyze the time domain or frequency
domain signal, and cannot be analyzed for non-stationary signals that have transient, mutation and
other characteristics™. The wavelet transform is a time-frequency analysis method, because it has a
good time domain and frequency domain localization properties, suitable for the analysis of transient
signals and transient signals, has been widely used in power system ). However, as described in the
literature, in the detection of high-frequency disturbances, the wavelet transform has a great
advantage, for the detection of low frequency disturbances such as voltage sags, etc., but not a good
detection and localization. Especiall¥ in noisy environments, using wavelet transform becomes
complex, the lack of intuitive results ™.

Stransform (S-Transform) by Stock Well et al in 1996 first proposed as an extension of the
wavelet transform, S transform gradually attracted people’s interest, and has been applied to the
detection and recognition of power quality disturbances!™. In this paper, based on S-transform
perturbation amplitude and mean square localization algorithm by MATLAB simulation,
comprehensive study of the algorithm in detection, localization accuracy when a variety of power
quality disturbances such as harmonics, voltage sags, voltage swells, voltage interruptions and
voltage flicker.

The basic principle of S-transform

If the signal is a continuous signal, which is a continuous one-dimensional S-transformation is
defined as follows:

S(.t)=[", s(t)w(r-t)exp(-i2r ft)dt (1)

And,
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In the formula (1), (2), "= is a Gaussian window, T is the time axis Gaussian window
parameter position, f is frequency.
In this equation, S transform function must satisfy the following normalization condition, namely
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Then, S-transform eventually be written
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2r is a Gaussian window, through changes in the value of 1, and to control the
parameters of the Gaussian window in the timeline position. f represents frequency, by varying f,
achievable changes Gaussian window. So you could easily analyze a high-frequency signal or a low-
frequency signal . As can be seen from the formula, S transform and short time Fourier transform
is not the same, except that the height and width of the Gaussian window varies with frequency, thus
overcoming the shortcomings of the Fourier transform of the window height and width cannot
change. Continuous one-dimensional inverse S-transform as follows:

S(t)=] []°, S(z.t)dr]exp(i2x ft)df

()

If the S transform divided by exp(i2z 1) that becomes a signal of the wavelet transform, Therefore,
S-transform can be seen as a "phase correction” continuous wavelet transform, and can be derived
from the continuous wavelet transform. If the mother wavelet is defined as a Gaussian window
function, and a product of a complex vector, and then by continuous wavelet formula, you can get S-

transform. If the formula (1) V(-1 and S(Dexp(-i27f) " rashactively, as an independent, the S-
transformation can be seen from the Fourier transform of the convolution . Thus, S transform
algorithms can change fast Fourier transform algorithm implementation. This is a disguised form of
realization of S-transform.

Discrete processing of S transform

In practical applications, the signal acquisition to input to the processor, is already discrete signal,
the signal to be processed by S transform are discrete signals, so we need to S-transform discredited.
There is a relationship between the signal S transform and Fourier transform:
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S(z, )=, H(a+1)exp(-

If a discrete sequence of signals is SKT) k=123.N-1 " sampling interval is T, The total
sampling time is N. Wherein the sequence s(KT) discrete Fourier transform is :

N-1
HE" 1= 1S hikT Jexp(- j 22
NT Nk:()

N n=012..N-1  (7)
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The equation (7) into equation (6), and NT  z—iT then S-transform can be converted to
discrete form:
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By the formula (6), (7), (8), we can see that discretization S-transform is a matrix. The value of an
element of the matrix is the amplitude of a signal S-transform at the appropriate frequency and time.
Column vector of the matrix represents the amplitude of the signal S-transform at the corresponding
frequency. Row vector of the matrix, represents the amplitude of the signal S transform at the
corresponding time. Then time-frequency image can be used to indicate the result of a signal S-
transform.

Detection Principle

For discrete signals, if sequence ihk=013-03 and sequence {"i1-0%2--" constituting pair of the

signal discrete Fourier transform, then the sum of the energy of the signal in the time domain is equal
to the sum of the energy of the signal in the frequency domain.

n-1 2 1n-1 _2
RN =z |Hj|
k=0 j=0 (9)

In the above formula, the left side of the equation represents the energy in the time domain, the
right side of the equation represents the energy in the frequency domain. For a power signal after S
transform, that is, the signal from a time domain into a number of components in the frequency
domain. Thus, Perceval theorem is applicable, i.e., the power signal after S transform, the energy is

constant.

That is to say no matter what changes, as long as the original signal by a disturbance, into a '®,
then the S transform of the discretization of $® can be expressed as $™n and in the matrix S™n  at
every moment, at the point where the disturbance occurred, the sum of all of its frequency amplitude
changes. The S transform of the power system signal s(t) that has not been disturbed can be
expressed as S(Mn), The sum of the absolute value of all the elements of a column of the S(mn),
namely the average energy within a sampling interval of the original signal.

As follows:

2

1 2. 1N-1
?j\s(t)\ dt—N kEO\S(r,fk)\

(10)

The formula (10) is represented by the time-amplitude coordinate system. A power system signal
() has not been disturbed, and its energy is displayed in the coordinate system is a straight line.
Meanwhile, it can be seen from equation (10), when the signal subjected to frequency disturbances
or amplitude disturbance, its average energy will change. The result of the S transform of a discrete
power system signal subjected to disturbances can be expressed as S (™" and its average energy
within a sampling interval is changed compared with the formula (10).

I.e. after disturbed, the average energy of a signal within a sampling interval can be expressed as:

) N-1
s o<z
T N k=0

S'(r,fk)‘

(11)

Then, for a power system signal that has been disturbed, its energy at the time-amplitude two-
dimensional coordinate system displayed certainly not a straight line. And disturbed at the beginning
and end time, the energy curve will change, according to the disturbance signal is increased or
decreased, the energy curve changes accordingly. Thus, according to this curve, it can locate the time
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of the power system disturbances. In order to accurately locate the disturbance, we deal with the
average energy of the square; the energy curve will be sharper, i.e., more accurate positioning time.

Then, by the following equation of energy curve to accurately locate the disturbance moment, as
shown below

10 A N . 4

?j‘s(t)‘ = ‘s (r,fk)‘

k=0 (12)

The matrix elements of all rows are added, then the frequency as the horizontal axis coordinate
diagram, you can be get each frequency component of a signal.

The detection simulation of a transient power voltage disturbance signal based on S transform

The simulation used in transient power quality disturbance signal, generated using MATLAB.
This paper focuses on several common disturbance signal simulation and analysis. In the simulation,
the sampling frequency for each disturbance signal is set to 1000Hz. Since the signal studied in this
paper from the power system, thus setting all the fundamental frequency of the disturbance signal is
50Hz. wherein the sampling frequency of the high frequency oscillation is 30 kHz. Taking into
account the presence of white noise signals in grid '), and therefore, all the signals used in the
simulation herein, also a certain amount of white noise is added, so to simulate more realistic.

A. The simulation results and analysis of voltage sag
Voltage sag of the original signal can be expressed as
y = [l-k(t1<t<t2)]sin(a)0t) (13)
k beyond a specific time interval, always be zero, and k is typically between 0.1 to 0.9. Within the

time interval 1<'%2 | different values of k, to determine the different voltage sag signal to be
simulated. The simulations are shown in Figure .1-3.
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Figurel. The curve of the sum of amplitude square
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Figure 2.Frequency - amplitude curve
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Figure 3.Voltage swell waveforms

As can be seen from the simulation Figure.2, the curve of the sum of the amplitude square of a
signal transformed by S-transform will have sharp peaks at occurrence and end time of the voltage
sag. Detecting the time of occurrence of these two peaks, the disturbance can be accurately
positioned. Figure.3 shows the value of the frequency of the signal at 50Hz is largest, that is the main
component of the signal is a frequency signal of 50Hz.

B. The simulation results and analysis of voltage swell

Voltage swell of the original signal can be expressed as

y=[1+k(ty <t<tp)]sin(aqt) (14)
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k beyond a specific time interval always is zero, and k is typically between 0.1 to 0.9. Within the

time interval 1<%2  different values of k, to determine the different voltage sag signal to be
simulated. The simulations are shown in Figure .4-5
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Figure4.The curve of the sum of amplitude square
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As can be seen from the simulation Figure.5, the curve of the sum of the amplitude square of a
signal transformed by S-transform will have sharp peaks at occurrence and end time of the voltage
swell. Detecting the time of occurrence of these two peaks, the disturbance can be accurately
positioned. Figure.6 shows the value of the frequency of the signal at 50Hz is largest, that is the main
component of the signal is a frequency signal of 50Hz.

Conclusion

This paper presents a disturbance localization algorithm, based on the sum of the amplitude
square of a signal transformed by S-transform. MATLAB simulation shows that this algorithm has a
unique advantage in the analysis of non-stationary signals have transient, mutation and other
characteristics, and will have a certain prospect in the detection and identification of the power
quality disturbances.
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