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Abstract— This paper presents a method for detection and
classification of power quality disturbances using discrete
wavelet transform. The power quality disturbances are
generated with the help of MATLAB using mathematical
relations as per IEEE Standard-1159. The investigated
power quality disturbances include complex power quality
disturbances. These power quality signals are decomposed
using discrete wavelet transform with db4 as mother wavelet
up to level 4 of decomposition. The plots related to detail
coefficients and approximation coefficients are analyzed for
detection of PQ disturbances. Based on the features of the
plots, the presence of power quality disturbance in the signal
is investigated.
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. INTRODUCTION

The analysis of power quality disturbances has become an
important concern for both the industrial and academic
fields due to increasing number of disturbing loads in the
industry as well as public sectors [1]. The poor power
quality is caused due to various disturbances like voltage
sag, swell, momentary interruption, flicker, harmonics,
oscillatory transient, impulsive transient, spikes, notches etc.
[2]. The simultaneous occurrence of two or more than two
of these disturbances is known as complex power quality
disturbance. These disturbances causes the problems such as
failure of equipments, short life time of the equipments,
malfunction of equipments, instability of the system,
reduced efficiency of equipments etc. [3]. Power quality
disturbances and resulting problems are due to increasing
use of the solid state switching devices, power electronically
switched loads, non-linear loads, lighting controls,
unbalanced power systems, industrial plant rectifiers and
inverters as well as data processing equipments [4].
Therefore, power quality needs to be monitored and
improved. Hence, development of automatic tools for
detection and classification of power quality disturbances is
required which will help the customers and utilities for clear
understanding of what is happening in their networks [5].
The mathematical and signal processing techniques have
been utilized for the detection and classification of single
stage PQ disturbances. Mahela et al. [6], presented a
comprehensive review of various signal processing and
artificial intelligent techniques utilized for the automatic
recognition of PQ disturbances as well as effect of noise on
the detection and classification of these events. Commonly
used PQ detection techniques include Fourier transform,
Kalman filter, wavelet transform, S-transform, Hilbert
Huang transform, Gabor transforms etc. The artificial
intelligent tools wused for the classification of PQ
disturbances are support vector machine, artificial neural

network, expert systems, Fuzzy logic, k-nearest neighbor
etc. [7]. An approach for the recognition of PQ disturbances
in the power system using wavelet transform and radial
basis function neural network (RBFNN) has been reported
in [8].

Il. GENERATION OF POWER QUALITY DISTURBANCES

The single stage power quality disturbances are generated
using the mathematical relations reported in [9]. The
generated single stage power quality disturbances include
pure sine wave, voltage sag, voltage swell, momentary
interruption, oscillatory transient, impulsive transient and
notch. The discrete wavelet transform based plots of pure
sine wave are used as the reference curves for the detection
of PQ disturbance present in the signal.

I11. PROPOSED ALGORITHM

The power quality disturbances are decomposed using
discrete wavelet transform with db4 as mother wavelet up to
third level of decomposition. The plots of detail coefficients
at all the three levels and approximation coefficient at the
third level of decomposition are obtained for all the
investigated PQ disturbances. Performance of proposed
algorithm has been compared with the techniques reported
in literature to validate the effectiveness of the proposed
algorithm.

I\V. DETECTION AND CLASSIFICATION OF SINGLE STAGE
POWER QUALITY DISTURBANCES: SIMULATION RESULTS

This section presents simulation results related to analysis of
power quality disturbances using discrete wavelet transform.
Voltage signal with power quality disturbances is
decomposed up to third level using discrete wavelet
transform with db4 as mother wavelet. The detail
coefficients at levels 1, 2, 3 and approximation coefficient at
level 3 are used for the detection of PQ disturbances. In all
the DWT based plots, the x-axis represents the sample
numbers whereas the amplitude of the coefficients is
represented on y-axis. The DWT based plots related to pure
sine waves are utilized as reference curves for the detection
of PQ disturbances.

A. Pure Sine Wave

The pure sinusoidal voltage signal is decomposed up to level
3 using DWT with db4 as mother wavelet. The plots of pure
sine  wave, approximation coefficient (cA3), detail
coefficient at third level (cD3), detail coefficient at second
level (cD2) and detail coefficient at first level (cD1) of
decomposition are shown in Figs. 4.1 (a), (b), (c), (d) and (e)
respectively. It can be observed that significant changes are
not detected in the plots related to the detail coefficients
whereas the fundamental frequency component appears in
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the approximation coefficient at level 3. These plots can be
used as the reference plots for the detection of PQ
disturbances associated with the voltage signal.

B. Voltage Sag
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Fig. 1: Discrete wavelet transform based decomposition of

pure sine wave (a) pure sine wave signal (b) approximation

coefficient at third level (cA3) (c) detail coefficient at third

level (cD3) (d) detail coefficient at second level (cD2) (e)
detail coefficient at first level (cD1).
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Fig. 2: Discrete wavelet transform based decomposition of
voltage sag (a) voltage signal with sag (b) approximation
coefficient at third level (cA3) (c) detail coefficient at third
level (cD3) (d) detail coefficient at second level (cD2) (e)
detail coefficient at first level (cD1).

A
7 —

The voltage signal with sag is decomposed up to level 3
using DWT with db4 as mother wavelet. The plots of
voltage sag, approximation coefficient at third level (cA3),
detail coefficient at third level (cD3), detail coefficient at
second level (cD2) and detail coefficient at first level (cD1)
of decomposition are shown in Figs. 4.2 (a), (b), (c), (d) and
(e) respectively. High magnitude peaks available at sample
numbers 100 and 225 in the detail coefficient cD1 represent
the initiation and end of the voltage sag. Similarly, the high
magnitude peaks available in the detail coefficient cD2 at
sample numbers 50 and 115 can also be utilized for the
recognition of start and end of the voltage sag. Decrease in
the magnitude of the detail coefficient c¢D3 and
approximation coefficient cA3 between the sample numbers
30 to 60 detects the presence of voltage sag in the signal.

C. Voltage Swell

The voltage signal with swell is decomposed up to level 3
using DWT with db4 as mother wavelet. The plots of
voltage swell, approximation coefficient at third level (cA3),
detail coefficient at third level (cD3), detail coefficient at
second level (cD2) and detail coefficient at first level (cD1)
of decomposition are shown in Figs. 4.3 (a), (b), (c), (d) and
(e) respectively. The high magnitude peaks available at
sample numbers 100 and 225 in the detail coefficient cD1
represent the initiation and end of the voltage swell.
Similarly, the high magnitude peaks available in the detail
coefficient cD2 at sample numbers 50 and 115 can also be
utilized for the recognition of start and end of the voltage
swell. Increase in magnitude of the detail coefficient cD3
and approximation coefficient cA3 between the sample
numbers 30 to 60 detects the presence of voltage swell in the
signal.
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Fig. 3: Discrete wavelet transform based decomposition of
voltage swell (a) voltage signal with swell (b)
approximation coefficient at third level (CA3) (c) detail
coefficient at third level (cD3) (d) detail coefficient at
second level (cD2) (e) detail coefficient at first level (cD1)
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D. Momentary Interruptions

The voltage signal with momentary interruption is
decomposed up to level 3 using DWT with db4 as mother
wavelet. The plots of momentary interruption,
approximation coefficient at third level (cA3), detail
coefficient at third level (cD3), detail coefficient at second
level (cD2) and detail coefficient at first level (cD1) of
decomposition are shown in Figs. 4.4 (a), (b), (c), (d) and (e)
respectively. The high magnitude peaks available at sample
numbers 100 and 225 in the detail coefficient cD1 represent
the initiation and end of the momentary interruption.
Similarly, the high magnitude peaks available in the detail
coefficient ¢cD2 at sample numbers 50 and 115 can also be
utilized for the recognition of start and end of the voltage
swell. The increase in magnitude of detail coefficient cD3
and approximation coefficient cA3 between the sample
numbers 30 to 60 detects the presence of voltage swell in the

signal.
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Fig. 4: Discrete wavelet transform based decomposition of
voltage signal with momentary interruption (a) voltage
signal with interruption (b) approximation coefficient at

third level (cA3) (c) detail coefficient at third level (cD3) (d)
detail coefficient at second level (cD2) (e) detail coefficient
at first level (cD1).

E. Harmonics

The voltage signal with harmonics containing 3", 51, and 7t
components is decomposed up to level 3 using DWT with
db4 as mother wavelet. The plots of momentary
interruption, approximation coefficient at third level (cA3),
detail coefficient at third level (cD3), detail coefficient at
second level (cD2) and detail coefficient at first level (cD1)

of decomposition are shown in Figs. 4.5 (a), (b), (c), (d) and
(e) respectively. The continuous ripples present in the detail
coefficient cD3 represent the third harmonic frequency
components available in the signal whereas the continuous
ripples present in the detail coefficient cD2 indicates the
presence of 5" harmonic component frequency. The 7
harmonic frequency component is observed in the detail
coefficient cD1. The approximation coefficient indicates the
fundamental frequency component of 50 Hz.
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Fig. 5: Discrete wavelet transform based decomposition of
voltage signal with harmonics (a) voltage signal with
harmonics (b) approximation coefficient at third level (cA3)
(c) detail coefficient at third level (cD3) (d) detail
coefficient at second level (cD2) (e) detail coefficient at first
level (cD1).

F. Oscillatory Transient

The voltage signal with oscillatory transient is decomposed
up to level 3 using DWT with db4 as mother wavelet. The
plots of oscillatory transient, approximation coefficient at
third level (cA3), detail coefficient at third level (cD3),
detail coefficient at second level (cD2) and detail coefficient
at first level (cD1) of decomposition are shown in Figs. 4.6
(@), (b), (c), (d) and (e) respectively. The presence of high
magnitude of amplitude in all the detail coefficients detects
the presence of oscillatory transient signal in the voltage
signal.

G. Impulsive Transient

The voltage signal with impulsive transient is decomposed
up to level 3 using DWT with db4 as mother wavelet. The
plots of impulsive transient, approximation coefficient at
third level (cA3), detail coefficient at third level (cD3),
detail coefficient at second level (cD2) and detail coefficient
at first level (cD1) of decomposition are shown in Figs. 4.7
(@), (b), (c), (d) and (e) respectively. The presence of high

All rights reserved by www.ijsrd.com 535



Detection and Classification of Single Stage Power Quality Disturbances Using Discrete Wavelet Transform

(I3SRD/Vol. 8/1ssue 4/2020/118)

magnitude peaks for short duration in all the detail
coefficients detects the presence of impulsive transient
signal in the voltage signal.
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Fig. 6: Discrete wavelet transform based decomposition of

voltage signal with oscillatory transient (a) voltage signal

with oscillatory transient (b) approximation coefficient at

third level (cA3) (c) detail coefficient at third level (cD3) (d)

detail coefficient at second level (cD2) (e) detail coefficient
at first level (cD1).
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Fig. 7: Discrete wavelet transform based decomposition of
voltage signal with impulsive transient (a) voltage signal
with impulsive transient (b) approximation coefficient at

third level (cA3) (c) detail coefficient at third level (cD3) (d)
detail coefficient at second level (cD2) (e) detail coefficient
at first level (cD1).

H. Notch

The voltage signal with notches is decomposed up to level 3
using DWT with db4 as mother wavelet. The plots of
notches, approximation coefficient at third level (cA3),
detail coefficient at third level (cD3), detail coefficient at
second level (cD2) and detail coefficient at first level (cD1)
of decomposition are shown in Figs. 4.8 (a), (b), (c), (d) and
(e) respectively. The presence of continuous train of sharp
pointed ripples in the detail coefficients cD1 and cD2
indicate the presence of the notches in voltage signal.
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Fig. 8: Discrete wavelet transform based decomposition of
voltage signal with notches (a) voltage signal with notches
(b) approximation coefficient at third level (cA3) (c) detail
coefficient at third level (cD3) (d) detail coefficient at
second level (cD2) (e) detail coefficient at first level (cD1).

V. CLASSIFICATION OF PQ DISTURBANCES

The flowchart of proposed rule based classification of PQ
disturbances using features extracted from the discrete
wavelet transform is shown in Fig. 5.9. Rules used for the
classification are also described in this flow chart. The
performance of classification is tested on 30 data sets and
provided in Table 5.1. It is observed that overall efficiency
is above 95%.

Class Correctl
y Misclassifie | Efficienc
PQEveNt | symbo | cjagsifie d v (%)
d
Puresine | - 30 0 100
wave
Voltage |, 29 1 96.67
sag
Voltage | -5 29 1 96.67
swell
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Momentar

Y c4 30 0 100

interruptio

n

Harmonics C5 27 3 90

Oscillatory | - 29 1 96.67

transient

Impulsive |~ 28 2 93.33

transient

Notch C8 26 4 86.67
Overall Efficiency 95.00125

Table 1: Performance of classification of single stage pq
disturbances
PQ Signal

Y
Decomposition using DWT

\ 4
Feature extraction
(F1,F2,F3,F4)

I

—_— Yes
C1,C2,C3,C7 e e

Yes

{7 ]

No
C1,C2,C3

No ) y Yes
[ c1 ] cé |
Fig. 9: Ruled decision tree based flow chart for the
classification of Single\ Stage PQ disturbances.

VI. PERFORMANCE COMPARISON

The performance of proposed algorithm has been compared
with the techniques reported in the reference [10], and [11]
and comparison of performance is provided in Table 5.2.
From the Table 5.2, it can be observed that the efficiency of
the proposed algorithm is higher than the algorithms
reported in the references [10], and [11].

References | Type of Technique | Efficiency
[10] DWT+ANN 88
[11] WT+SOMN 92

Proposed DWT+RBDT 95.00125

Table 2: Performance Comparison of Single Stage PQ
Disturbances

VII. CONCLUSION

This paper presents detection and Classification of single
stage power quality disturbances. These generated power
quality signals are decomposed using Discrete Wavelet
transform and plots of detail and approximation coefficients
are obtained. Various features obtained from these plots are
used to recognize the power quality disturbances. It is
concluded that proposed method is found to be effective in
the detection and Classification of single stage power
quality disturbances.
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