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ABSTRACT

Poor power quality can cause serious problems causing
malfunction, instability, short lifetime, memory loss and data
errors of sensitive loads etc. Electric power quality has
become an important issue now days. To improve the power
quality, sources of disturbances as well as detection
techniques must be known. The purpose of this paper is to
present different detection techniques for sag, swell,
harmonics and make comparison between them. Signal
processing techniques are used to extract features from
measured data and detect triggering points or transition
segment of disturbances.
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1. INTRODUCTION

The term power quality is defined as the concept of powering
and grounding sensitive equipment in a manner that is suitable
to the operation of that equipment [1]. To prevent problems
on utility and customer power system; power quality
monitoring is necessary. Detection and classification of power
quality disturbances assist in preventive and predictive
maintenance. Detection of disturbances with the accuracy by
using varies detection techniques is very much important
work; newer mathematical techniques are continuously being
applied to enhance the accuracy of these techniques. Once the
disturbances are detected it is easy to classify these
disturbances for finding sources of these disturbances. For the
purpose of classification, artificial intelligence based different
techniques are being used widely. Power quality is need for
new automatic detection and classification methods.
Especially voltage sag, swell and harmonics affect power
quality. Semiconductor, chemical and mechanical industries
are very sensitive to power quality problems. The diagnosis
will ensure quality of power and will reduce the risk of
interruption by reducing the diagnosis time and finding the
problem. Using best signal processing technique and by
continuous monitoring can identify failing component and
reduces unscheduled outages.

Voltage sag is defined as a decrease in root mean square (rms)
voltage at the power frequency for duration from 0.5 cycles to
1 min [2]. Voltage sag is measured from reduction of rms
voltage below 0.9pu of nominal voltage to when it rises above
0.9pu of nominal voltage. Hence voltage sag is short duration
reduction of rms voltage. Voltage sag may be caused by
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system faults, switching on loads with heavy starting currents.
A sag analysis can now be performed to determine at what sag
levels equipment can and cannot operate. Voltage swell is the
reverse from the sag, having an increase in rms voltage
between 1.1pu and 1.8pu of nominal voltage for durations
from 0.5 cycles to 1 min. voltage swells are not common as
voltage sags. Swells are usually associated with system fault
conditions e.g. temporary voltage rise on the unfaulted phases
during an SLG fault [3]. Swells can also be caused by
switching off a large load or energizing a large capacitor
bank. Harmonics are sinusoidal voltages or currents having
frequencies that are integer multiples of the frequency at
which the supply system is designed to operate. Harmonic
distortion which is periodic distortion of the sign wave
originates in the nonlinear devices and loads on the power
system such as, computers, variable speed drives, electronic
ballast, UPS and electronic phone system [3]. Various
solutions have been proposed by many papers to mitigate sag,
swell and harmonics. Fig.1. shows a broad overview of the
proposed mitigating process.Objective of this paper is to
improve sag /swell detection time, Harmonic analysis in the
disturbed signal. Detect type of fault and Improve hardware
performance.
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Fig 1: Overview of the proposed mitigating process.
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2. METHODS OF SAG / SWELL
DETECTION:

There are many methods used to measure and detect sag and
swell. e.g. Different types of filters, RMS, STFT, FFT, DFT,
Peak voltage, Missing voltage technique, Kalman filtering
method, wavelet analysis etc. Signal processing techniques
extract features and information from measured digital
signals. To extract information such as type and location of
the fault that caused the sag / swell, both signal processing
tools and power system knowledge are needed [4]. Some
proposed DSP methods are described below.

A. High pass filter

It is simple triggering method. High pass filter followed by
threshold can detect the quick changes caused by most
underlying system events. If high pass filter is applied to
measured signal, it finds two triggering points to show event
period. This method does not work well, especially when the
changes are not obvious. This method is also sensitive to
noise [5].

B. RMS Method

The root mean square (RMS) method is the one which is
applied most broadly in power system monitoring and
measurement. A main advantage of this method is its
simplicity, speed of calculation and less requirement of
memory. The main drawback is the dependency on the
window length and time interval for updating the values [6].
Moreover RMS method does not distinguish between
fundamental frequency, harmonics or noise components.
When using RMS technique phase angle information is lost.
Voltage and Current measurements are often expressed in
RMS values. According to definition the RMS voltage over
one data window typically one cycle is done by using the
discrete integral

Vrms= /%ZLl V2

Where N is the sample per cycle of the fundamental, Vn is the
nth sample of the recorded voltage waveform. In practical
application, the data window is sliding along the time
sequence in specific sample interval [5].

C. STFT (short time Fourier transform)
Method

STFT is commonly known as sliding window version of FFT
(fast Fourier transform). It gives better results in frequency
selectivity. STFT is more suitable for harmonic analysis of
voltage disturbances [7]. STFT is used for time frequency
analysis of non stationary signals. STFT decomposes the time
varying signals into time frequency domain components, low
pass representation of complex band pass filter outputs

X (€)= 51 X(m) W(n-m) e W™
Where k=1,....N

X(n) is a given signal for frequency band k at time n
WKk = 2nk/IN is the frequency in radians,
N is the number of frequency bands,
W(m) is the selected symmetric window of size L
L <N if signal reconstruction is required. Output of Kth band
pass filter from STFT

(e"™) = (e ") xn (™) = hk(n) * X
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Where hk(n) = (¢'"*") W(n)
D. FFT (Fast Fourier Transform)

Fourier analysis is used to convert time domain waveform
into their frequency component and vice versa. When the
waveform is periodical, the Fourier series can be used to
calculate magnitudes and phases of the fundamental and its
harmonic components. More generally the Fourier transform
and its inverse are used to map any function in the interval -oo
to +oo in either the time or frequency domain into a
continuous function in the inverse domain. DFT (discrete
Fourier transform) is modification of Fourier transform. In
practice data are always available in the form of sampled time
function, represented by a time series of amplitudes, separated
by fixed time intervals of limited duration. When dealing with
such data a DFT is used. FFT is faster version of DFT. The
FFT utilizes some clever algorithms to do the thing as the
DFT, but in much less time.The finite or DFT of a complex
vector y with n elements is another complex vector Y with n
elements

n-1 »
Yk:z w 5},,

j=0
Where w is complex nth root of unity:
W =e2M/n

As is well known, the results obtained using DFT are
incorrect in the case of non stationary signals, as is the case of
the voltage waveform in an event. A way to overcome this
problem is the use of the Short Time Fourier Transform
(STFT). The STFT partitions the signal into time segments
where the signal is considered stationary, applying the DFT
within each segment [6].

E. wavelets

Wavelets have been applied to non-stationary harmonics
distortion in power system. This technique is used to
decompose the signal in different frequency bands and study
its characteristics separately. Much different type of wavelets
has been applied to identify power system events such as
Daubechies, Dyadic, Coiflets, Morlet, and Symlets wavelets.
In dyadic wavelet, the center frequencies of band-pass filters
are fixed once the number of scales is chosen which leads to
inconvenient center frequencies for harmonic analysis [7].

3. EXPERIMENTAL SETUP

For experimental testing, voltage sag/swell generator was
required to generate sag/swells of varying magnitudes and
duration [8]. Fig. 2. shows block diagram of experimental
setup to generate 3 ph sag/swell signal. A transformer was
used with two output voltages. The first output was set to 100
% rated voltage. The second output was set to required sag
magnitude. Transformer has taps that can be set from 10V to
415V in steps of 10V. A TPS2014 Tektronix DSO was used
to log data and switch solid state relay very fast between the
two outputs to obtain the desired sag magnitude and duration.
In case of swell the first output was set to less than the rated
voltage as per required swell magnitude value and second
output was set to the 100 % rated voltage.
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Fig 2: block diagram of experimental setup

The solid state mechanical relay:

It is used to act as a tap changer so that the voltage sag and
swell conditions can be gate. The relay has rating of
230V/10A and the operating coil of the relay is provided with
the +12V DC supply. Fig. 3. shows the Solid state relay
terminals the relay has five terminals i.e. NO contact
(normally open), NC contact (normally closed), two terminals
for coil energization and last one is output.
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Fig 3: Solid state Mechanical relay

The switch (Bell Push Type) is inserted in series with the
supply terminal of the relay operating coil. When the switch is
pressed, the NO contact closes and closed contact opens. To
generate the voltage sag event, NC contact of the relay is
always connected to the 100% rated voltage or to nominal
voltage tapping of transformer, and the NO (normally open)
contact of the relay is connected to the transformer tapping of
required sag magnitude value. In case of swell the NC contact
is connected to the transformer tapping less than nominal
voltage, to get required amount of swell magnitude. The NO
contact is connected to the 100% rated voltage tapping of
transformer.

Induction Motor

Single phase induction motor of 3ph, 415V, 3.8A, 1.5 kW is
used to simulate the voltage sag occurring due to the inrush
currents.

DSO (data storage oscilloscope): Tektronix TPS
2014 used to capture the sag/swell signals.

PTs: are used to connect DSO and I.M. for capturing voltage
waveform.

To generate sag/swell, two tapping’s 415V & 370V of
transformer are used. To generate sag, tapping of 415V
connected to NC contact and tapping of 370V connected to
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NO contact of solid state relay. By operating switch (bell push
type) for short duration 45V sag will generate. To generate
swell tapping of 370V connected to NC contact, and taping of
415Vconnected to NO contact of solid state relay. By
operating switch (bell push type) for short duration 45V swell
will generate. These generated sag/or swell signals are
captured on DSO (digital storage oscilloscope) to get data.
This data used for further analysis. Different signal processing
techniques are used to analysis this sag/or swell manually
generated disturbances.

4. GENERATION OF 3 PH VOLTAGE
SAG/SWELL

Sampling time: 0.0001 sec, sampling frequency: 10 kHz,
Transformer is connected in star/star, supplied by the line rms
voltage=415V, hence phase rms voltage will be=239.6V, the
calculated peak value of voltage and generated peak value of
voltage by running the MATLAB program are found to be
similar that is peak voltage=338.8, as in fig. 4., it is clearly
observed that the voltage reduces to a value=300V, for an
interval of nearly 160ms (8 cycles). Hence it is concluded that
voltage nearly reduces 0.88 pu from its nominal voltage, this
clearly indicates that it is voltage sag.
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Fig 4: Captured 3 ph voltage sag waveform.
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Fig 5: Captured 3ph voltage swell waveform.

In fig. 5. observe that nominal voltage is nearly 300V and
voltage increases up to 338.8V for an interval of 190ms (9.5
cycles). Hence it can conclude that voltage nearly increase
1.12 pu from its nominal voltage that is voltage swell.

5. RESULTS AND DISCUSSION

From above generated sag/swell waveforms information is
extracted by using different signal processing techniques.

5.1 comparative study for sag

Triggering points using high pass filter, RMS, STFT are as
given below in tablel. Extracted information is useful to find
type and location of the faults that caused the sag/swell.
Comparative study for sag using high pass filter, RMS method
and STFT method are as shown in fig. 6.
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Tablel: Triggering points using high pass filter, RMS,
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STFT
High pass tl 2
filter 376 1948
RMS tl 2 t3 t4 t5
196 365 564 1944 2165
STFT tl t2 t3 t4
164 372 1752 2008

High pass filter marks only two triggering points [5].
t1=376 and t2=1948 these points are nearly in between
transition periods of STFT (tr1=164-372, tr2=1752-2008) and
RMS method (tr1=365-564, tr2=1944-2165). Hence total
period divided only in three periods.
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First is before event, second event period and third after event
period. Hence in this method transition periods are not
detected. As per result shown, further method is sensitive to
noise. In case of RMS method we detect five triggering
points. First triggering point t1 always shown after the
completion of first cycle and it is not considered for dividing
total period. This method divides total period in five periods
as prevent period (period before second triggering point), first
transition period, event period, second transition period, and
post event period (period after fifth triggering point). In 3 ph
measurement there is always a small difference in fault
clearing time between the three phases, so in most cases that
cannot be detected clearly on each phase from the RMS
sequence which observed from RMS result. STFT method
also divide total period in to five periods as in case of RMS
method [5]. In STFT method there is no problem in fault
clearing time between three phases and most advantage of this
method is it detects transition characteristics from which we
got the type of fault in the system. From the above
comparison we also note that, STFT can achieve higher time
resolution than that of the RMS sequences.

First transition period (trl) using STFT is between samples
164-372, when in case of RMS sequence trl lies in between
365-564, means RMS method has lower time resolution.
Similar results are for second transition period (tr2).

5.2 Comparative study for swell

Similar results as sag are obtained for swell disturbance as
shown in fig.7. High pass filter marks only two triggering
points. t1=308 and t2=1689. Hence total period divided only
in three periods. Prevent event, event period and third post
event period. This method is sensitive to noise again for swell
[5]. Detection time of event period by STFT (340-1480) is
less than RMS method (498-1877). In transition periods (trl-
tr2) of STFT we observed characteristics of voltage
magnitude from which we can find the type of fault, for
example rectangular characteristics due protection operation,
non rectangular due to transformer and motor dips,
transformer saturation events are asymmetrical dips (different
degree of saturation for each phase), motor events are
symmetrical dips (balanced load), Transformer events present
temporary high harmonic distortion due to saturation
[9].Triggering points using high pass filter, RMS, STFT are as
given below in table2

_ Table 2: Triggering points using high pass filter, RMS,
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Fig 6: Comparison for sag using high pass filter, RMS
method and STFT method.
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Fig 7: Comparison of swell using high pass filter, RMS
method and STFT method.

5.3 Harmonic analysis of sag/swell using stft

STFT used for analyzing a voltage sag/swell signal. From top
to bottom measurement containing a voltage sag/swell, output
magnitudes from complex band pass filters centered at
1,2,3,4,5,6,7. Fs=10 kHz or 200 samples per 50 Hz cycle. The
center frequencies of band pass filters are set at the power
system harmonics by choosing the total number of band
N=200. Fig. 8. shows the output from 7 band pass filters of
sag signal. This provides alternative way of analysis. The
figure plots the magnitude of harmonic signals as a function
of samples. Filter output are useful to detect sag initiation and
voltage recovery [5], [9]. Large peaks in band 3 are higher
due to the high frequencies presented in the voltage step at the
sag initiation and voltage recovery. The harmonics distortion
is somewhat higher before the event period (first transition
period) than after the event period (second transition period).
Fig. 9. shows the output from 7 band pass filters of swell
signal. Results are similar as in case of sag.
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Fig 8: Harmonic components of sag
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Fig. 9. harmonic component of swell

6. CONCLUSION

Many of the mysteries of equipment failure, downtime,
software and data corruption, are the result of problematic
supply of power. There is also a common problem with
describing power problems in a standard way. This paper
discusses and analyses most common type of disturbances
such as sag, swell, harmonics. The widespread use of
electronics has raised the awareness of power quality and its
affect on the critical electrical equipment that business use.
However in order to understand and detect power disturbances
use perfect method for particular type of disturbance, because
each type has its own specifications (advantage and
disadvantage). Sole objective of this paper was to detect and
analyses most common power quality disturbances, sag swell
and harmonic using efficient technique. In this paper
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presented methods are simple high pass filter, RMS triggering
method, STFT segmentation method to detect and segment
sag, swell event. We had found that the accuracy in case of
STFT is better as compared to high pass filter and RMS
method. If harmonic are “components of interest” for the
analysis, STFT is more suitable. The waveform distortion
during a voltage sag or swell may provide some additional
information on the cause of the event as well as some
diagnostic on the system. STFT is used for the inspection of
the changing characteristic of harmonic component. After the
sag the harmonics distortion is somewhat lower than before
the sag.

7. FUTURE SCOPE

Event type

Causes and
Classification

Feature

Segmentation

Fig 10: Future scopes.

Fig. 10. shows future scopes to presented work. Different
steps of future are described as follows.

Segmentation:

For each recording, voltage waveform samples are partitioned
in to event segments and transition segments which was
objective of this project.

Feature extraction:

For each segment, features (e.g., rectangular, non rectangular,
symmetrical, unsymmetrical, sag/swell depth and duration,
slope of transition etc.) are extracted.

Causes classification:

From feature find causes according to their shape and classify
it.

Event type:

from causes classify the events (sag, swell etc).
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