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Abstract- Power Quality has become a main problem in
the electric power system. The wide use of non-linear
loads and other electronic equipment’s can causes
power disturbances which then lead to poor power
quality. Poor power quality is caused by power line
disturbances, instability, and short lifetime resulting in
failure of End user equipment. To improve the power
quality, it is essential to detect, localize and classify
power quality disturbances accurately. In this paper,
IEEE14 bus system is simulated in Power System
Computer Aided Design (PSCAD) software. This paper
mainly detects and classify Power quality disturbances
such as Voltage sag and Voltage swell. S-transform is
used to extract distinguishing features and Artificial
Neural Network (ANN) is used as a classifier. Power
quality disturbances are localized by S-transform in
time and frequency domain.

Index terms- Power quality disturbance, IEEE14 bus
system, S-transform, Artificial Neural Network (ANN),
classification.

INTRODUCTION

Power quality has become an important topic of
discussion and research these days. Poor quality of
electric power is caused by the power line
disturbances resulting in sag, swell, interruption, sag
with harmonic, flicker, harmonic and notches, etc.
Power quality is an important issue for utilities and
end users. The increasing number of disturbing loads
in industrial and public sectors causes power quality
disturbances. Electrical power engineers have always
been concerned about power quality. They see power
quality as anything that affect the voltage, current,
and frequency of the power being supplied to the end
users i.e. the ultimate user or consumer of electricity.
Power Quality has gained tremendous concern in
distribution utilities as well as consumers and is also
mandated by international standards like EN 50160
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and IEEE 519. Generally the power quality
disturbances are caused by industries like automotive,
cement steel, pulp processing, printing press etc.

The electronic (non-linear) load causes many Power
quality problems resulting in the failure of End user
equipment. The main aim of these dissertation is the
detection and classification of power quality
disturbance in the given system such as voltage sag
and. Power quality disturbances are localized by s-
transform in time and frequency domain. The concept
of power quality has often been misunderstood and
oversimplified. But in this day and age of
sophisticated electronics, assessment of power
quality has become too important. The widespread
use of high-tech devices has complicated all aspect of
electrical power. Not only are these devices more
sensitive to the effects of power quality, but they can
also impact it negatively. Poor power quality can
result in less productivity, lost and corrupt data,
damaged equipment and poor power efficiency.
“Power Quality” is a broad term used to describe the
electrical power performance. For improvement of
Power Quality, the disturbances should be detected,
localized and mitigated.

A. LITERATURE REVIEW

[1] Nantian Huang, et al. analysed by power quality
of S-transform and 18 features are extracted to
identify different types of disturbances. This
feature selection not only reduces the
computational time and spatial costs of the PNN
but also improves the classification efficiency of
the proposed classifier. As a result of the
advantages of the probabilistic neural network
the new classifier is efficient and accurate. In this
paper it is observed that results of a comparison
test show that the PNN-based classifier was

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 174



© December 2019 | IJIRT | Volume 6 Issue 7 | ISSN: 2349-6002

more accurate than BPNN and RBPNN
approaches and that it could be used in high
noise applications.

[2] A.Rodriguez, et al. presents a rule based
approach for the classification of Power quality
disturbances. The disturbed signal is first
characterized using the multiresolution S-
transform, which act as a feature extraction tool.
In this paper the tested data set contains power
quality signals obtained using mathematical
models, power quality events obtained from
power networks simulation using
PSCAD\EMTDC and measured signal at
electrical installation.

[3] Suriya Kaewarsa, et al. presents a novel
approach for  the recognition of power quality
disturbances using multiwavelet transform and
neural networks. In this various transient events
are tested, such as voltage sag, voltage swell,
interruption, notching, impulsive transient and
harmonic distortion show that the classifier can
detect and classify different Power quality signal
type’s efficiency.

[4] C. N. bhende, et al. presents an s-transform
based modular neural network (NN) classifier for
recognition of power quality disturbances. By
introducing the modular neural network concept
for disturbance classification  disturbance
classification the task complexity is reduced and
learning capability is increased.

[5] S. Mishra, et al. presents an s-transform based
neural network classifier to detect and classify
the power quality disturbance. In this paper, S-
transform is used to detect the disturbance in a
power signal and classified using PNN which
shows that s-transform has better detection
capability and  Probabilistic Neural Network
(PNN) gives best classification results. The
classification of PNN is compared with a FFML
(feed forward multilayer) neural network and
LVQ (linear vector quantization). It is found that
the classification performance of PNN is better
than both FFML and LVQ.

[6] P.P. Shinde, et al. presents, performance of a
wavelet-based voltage disturbance detection
method is evaluated using back-to-back
switching of wye and delta connected capacitor
bank and single phase fault. The simulation
results shows, that in all cases, wavelet-based

IJIRT 148876

method properly detects the voltage disturbances
scenario and the detection time is also less than
conventional methods. However, secondary
circuit logic can be developed to avoid false
tripping of STS and DVR. It is believed that the
work carried out in this paper is useful for the
power quality engineer for analysis of voltage
disturbance.

B. OBJECTIVE OF WORK

The main objective of this paper is the detection and
classification of Power Quality disturbances

1. Voltage sag

2. Voltage swell

I1. S-TRANSFORM

S-transform (ST) is the extension of wavelet
transform and short time Fourier transform which
overcomes the limitation of wavelet transform and
short time Fourier transform. In 1996 S-transform
was first proposed by R. G. Stock well. Major time
frequency method of S-transform develops on the
basis of STFT and CWT as a time frequency analysis
technique, enjoying many advantages, such as
linearity, loss less reversibility, multiresolution, good
time frequency resolution etc. an important property
of S-transform is that it combines a frequency
dependent resolution of the time frequency space and
absolutely referenced local phase information [7].
There are several ways to represent the idea of the s-
transform. S-transform is desired as the phase
correction of the continuous wavelet transform with
window being the Gaussian function. S-transform has
the ability to detect the fault correctly in the presence
of noise due to which it is very popular in detecting
power system faults and Power quality disturbances.
S-transform is based on moving scalable modulating
Gaussian window.

The generalized S-transform is given by:

The S-transform of a basic continuous signal h (t) is
defined by equation (1)

(1) Where fis the frequency and t are both time

I1l. CASE STUDY
Fig. a shows single line diagram of IEEE 14 bus

system. In this 3 phase transmission of rating 230 kV
and length of 1 km is considered and the network has
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14 buses which are interconnected 20 transmission
lines. Two generators are connected on bus 1 and 2
respectively and three of which are synchronous
compensators used only for reactive power support.
System frequency is 60Hz and base MVA is
285.81MVA.
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Fig a. Single line diagram of IEEE 14-Bus system

Simulation of circuit in PSCAD-
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Fig b. PSCAD simulation of IEEE 14-Bus system
Fig. b Shows simulation of IEEE 14 bus Test system
in PSCAD software during Normal condition in
which section transmission lines of 1km are used for
connecting various buses. Sources are connected to
bus No. 3,6 and 7. Transformers are connected
between bus 4 and 7, bus 4and 9, bus 5 and 6.
Multimeters are connected between each line for
measuring voltage, current, active and reactive power
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flowing through the line. Also voltmeters are
connected on each bus for measuring phase voltage
on each bus.

In IEEE 14 bus system Power Quality events such as
Voltage Sag, Voltage Swell are created at Bus No. 3,
5, and 7 and voltage signals for these events are
captured for further analysis. Fundamental system
frequency is 60Hz and base voltage is 230Kv.
Disturbances are created on the system for 20 cycles
with sampling frequency of 1kHz.

IV. PROPOSED METHODOLOGY

In (PSCAD) simulation, first the IEEE 14 bus system
is simulated. IEEE 14 bus distribution system is taken
under study for detection and classification of power
quality events. S-Transform and Artificial Neural
Network (ANN) is used to detect and classify power
quality disturbances. Power quality disturbances are
identified by S-Transform in time and frequency
domain. Also, S-Transform is used to extract the
disturbance features in Power signal. The voltage
signal are taken at a different buses and sampling
them at 1 kHz .The excel sheets are formed in
PSCAD and exported it to MATLAB program for S-
transform analysis. Energy is calculated from detailed
coefficients of S-Transform which is given as input
to Artificial Neural Network (ANN) after calculating
features to classify power quality disturbances such
as voltage sag, voltage swell.

V. ARTIFICIAL NEURAL NETWORK (ANN)

An artificial neural network is a computational model
based on the structure and the function of a biological
neural network. Artificial neural network are
considered non-linear statistical data modeling tools
where the complex relationship between the input
and output are modeled or pattern are found.

(@) Architecture of ANN information-

The network architecture has an input layer, hidden
layer (there can be more than one) and the output
layer, it iss also called MLP (Multilayer perceptron)
because of the multiple layers.

(b) The hidden layer can be seen as a “distillation
layer” that distills some of the important patterns
from the inputs and passes it onto the next layer to
see. It makes the network faster and efficient by
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identifying only the important information from the
inputs leaving out the redundant information.

(c)ANN has so many advantages like it requiring a
less formal statistical training and ability to implicitly
detect complex non-linear relationship between
dependent and independent variables. Also it has the
ability to detect all possible interaction between
predictor variables and the availability of multiple
training algorithms.

Hidden
Input
Output

Fig. a Arificial Neural Network

VI. FLOWCHART

IEEE 14 bus svstemis simulated in PSCAD s oftware
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Fig. a Proposed Algorithm for Power Quality
disturbances
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VII. . PSCAD SIMULATION WAVEFORMS

The system under study is simulated in PSCAD
software and Power Quality events such as Voltage
sag, Voltage Swell are created at inception angle of
0° ,45° 90°, 135° 180°, 225°, 270°, 315°360°
voltage instant in the system. Following are the
Voltage waveform for Voltage sag, Voltage swell on
Bus 3,5,and 7 at 0°,45%90°

PSCAD Simulation waveform at 0° instant:
(1)Voltage Sag:

Voltage sag is created at Bus No.3, 5, and 7 using L-
G fault for duration of 0.3 sec. The Voltage
waveform for Voltage sag on Bus 3, 5, and 7 at fault
inception angle 0° instant are as shown in figure
below.

Main : Graphs -]

Voltage

Fig. a Voltage sag on Bus 3 at fault inception angle
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Fig. b Voltage sag on Bus 5 at fault inception angle
0%instant
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Fig. ¢ Voltage sag on Bus 7 at fault inception angle
00 instant

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 177



© December 2019 | IJIRT | Volume 6 Issue 7 | ISSN: 2349-6002

(2) Voltage Swells:

Voltage swell is created at Bus No.3, 5, and 7 by
switching off the heavy load for the duration of 0.3
sec. The Voltage waveform for Voltage swell on Bus
3, 5, and 7 at fault inception angle 0° instant are as
shown in figure below.

Tme 000 010 020 030 040 050 060 070 080 09 100
Fig. d Voltage swell on Bus 3 at fault inception
angle 0° instant
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Fig. e Voltage swell on Bus 5 at fault inception angle
0° instant
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Fig. f Voltage swell on Bus 7 at fault inception angle
0° instant

S-transform energy values graph of Normal, Voltage
Sag and Voltage Swell:

The voltage at receiving end are used in this project
for Power Quality disturbances analysis. The time-
frequency contour are plotted for different types of
Power Quality events. Fig 11 and 12 shows Mesh
grid and contour waveform of normal event.
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Similarly Fig 13, 14, 15 and 16 shows the Mesh grid
and contour plots for voltage Sag and voltage Swell.
For normal:
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Fig. a Mesh grid for NORMAL
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Fig. b Contour for NORMAL event
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Fig. ¢ Mesh grid for SAG event
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Fig. d Contour for SAG event
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Fig. e Mesh grid for SWELL event
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Fig. f Contour for SWELL event

S-Transform Energy values Results:

S-Matrix is obtained at the output of S transform
program. It is complex matrix contains real and
imaginary values. Normalized frequency is used to
calculate energy of the signal. Energy of the voltage
signals are calculated for different faults at different
fault inception angles 0°, 45° and 90°. Signal energy
is calculated based on Parseval’s Theorem. This
theorem states that the energy of a signal remains the
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same whether it is computed in a signal domain
(time) or in a transform domain (frequency).If a, b, ¢
are the three phases va, vb, vc are the voltage signals
corresponding to a, b, ¢ phases. Then their energies
are denoted by Eva, Evb, Evc for voltages.

1. Energy values in p.u. of Voltage signals for 0°
fault inception angle: TABLE I.

Bus NO. | Event name Phase
a b c
Bus 3 Sag 3 4.07 36.68 55.97
Swell 3 4.069 3.90 20.36
Bus 5 Sag 5 4.08 22.46 31.15
Swell 5 4.07 21.43 20.36
Bus 7 Sag 7 4.08 32.10 32.88
Swell 7 4.06 30.18 32.08

2. Energy values in p.u. of Voltage signals for
459 fault inception angle: TABLE II.

Bus Event Phase

No. name a b c

Bus 3 Sag 3 4.0952 | 22.2581 | 31.1350
Swell 3 4.0652 | 3.3484 | 60.2063
Bus 5 Sag 5 4.0819 | 36.3625 | 24.3875
Swell 5 4.0673 | 3.7116 | 22.2078
Bus 7 Sag 7 4.0819 | 36.36 24.38
Swell 7 4.0716 | 3.8783 | 32.8431
3. Energy values in p.u. of Voltage signals for 90°
fault inception angle. TABLE IlI.

Bus Event Phase

No. name a b c

Bus3 | Sag 3 4.0845 | 26.0968 | 31.75
Swell 3 | 4.0653 | 3.3574 | 49.2040
Bus5 | Sag 5 4.0894 | 22.7798 | 31.2850
Swell5 | 4.0673 | 3.7116 | 22.2078
Bus7 | Sag7 4.0819 | 36.36 24.3875
Swell 7 | 4.0716 | 3.3508 | 35.94

Artificial Neural Network used for classification:

One of the most critical difficulties in constructing
the artificial neural network (ANN) is the choice of
the number of hidden layers and the number of
neurons for each layer. Using too few neurons in the
hidden layer may prevent the training process to
coverage, while using too many neurons would
produce long training time. Many hidden layer
neurons may result in divergence. The following
graph 1 and 2 shows best training performance graph
and training state graph of Artificial Neural Network
(ANN). ANN 100% accuracy result value:

Confusion Matrix
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The performance of the neural network is to plot the
confusion matrices for the various types of errors that
occurred for the trained neural network. The
confusion matrix for the three phases of training,
testing and validation. The diagonal cells in green
indicate the number of cases that have been classified
correctly by the neural network and the off-diagonal
cells which are in red indicate the number of cases
that have been wrongly classified by the ANN. The
last cell in blue in each of the matrices indicates the
total percentage of cases that have been classified
correctly in green and the vice versa in red. It can be
seen that the chosen neural network has 100 percent
accuracy in fault detection.

Fig. a shows best training performance graph of
Artificial Neural Network (ANN)

Best Training Performance is 9.6777e-09 at epoch 1700
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Fig.a Best Training Performance graph

VIIl. CONCLUSION

This paper presents a method to detect and classify
Power quality disturbances. The disturbances
classified from IEEE 14-Bus system are Voltage sag
and Voltage swell. These Power quality disturbances
are detected, classified accurately and further
appropriate action can be taken to mitigate it which
improves the performance of the system. ANN which
is used as classifier gives 100 % accuracy for
classification.
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