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EXPERT SYSTEM FOR CLASSIFICATION OF POWER
SYSTEM EVENTS

6ﬂlLﬁa&1hiMMth

Amany El-Zonkoly
Arab Academy For Science & Technology, Faculty of Engineering,

1aile

:La}f:':.'ms.l_,_;__l:\.bgﬁ_}d'l J%M{F\h?l@_}ﬁaﬂ\ulcjdﬁu@a?w:@Jﬂ\ PRV (:_133
LA 5 Y1 e 5 D5 el Gl e sl Clis ) WSy 8 (bt cpn S (s

ABSTRACT:

RPTSPTRTIEN

This paper presents an expert system that is able to classify different types of power
quality (PQ) events. The expert system uses the voltage waveforms and distinguishes the
different types of voltage dips and swells. Both Fourier and Wavelet analyses are applied for
extracting distinct features of various types of events as well as for classifying the events.
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1- INTRODUCTION:

In power systems, faults, dynamic
operations, or non-linear Joads causes various
types of power quality disturbances such as
voltage sags, voltage swells, impulses,
flickers, outage, etc. [1,2]. On the other hand,
the increased use of sensitive electronic
circuitry by industrial and residential
customers as well as the progress of utility
deregulation and competition has imposed
greater demand on the quality of power.
Consequently, the studies aimed at detecting
and analyzing as well as eliminating or
minimizing the effects of power quality
disturbances on industrial and residential
customer loads have assumed greater
importance.

The increased requirements on
supervision, control, and performance in
modem power systems make power quality

monitoring a common practice for utilities.
With the growth of the number of monitors
installed in the system, the amount of data
collected is growing, making individual
inspection of all wave shapes no longer an
option. New tools are required to extract all
relevant information from the recordings in
an automatic way. Such automatic analysis
tools can be applied to large existing
databases, but can also be implemented in a
monitor. Several approaches for automatic
classification of power system disturbances
have been proposed in a number of papers
(3,4].

Generally speaking, the PQ event
detection and classification problem consists
of two steps. The first step may include
feature extraction, during which the distinct
and dominant features of various events are
selected and obtained using appropriate
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techniques. The second step is called
decision-making: the extracted features are
further processed to determine the types of
events. Appropriately chosen features are
essential for both simplification of the
decision-making  system  (DMS) and
improving the correct identification rate of
the system [5,6].

Various approaches for both feature
extraction and DMS have been proposed
previously for PQ event detection and
classification. For feature extraction, both
Fourier transform and wavelet analysis have
been suggested. Fourier transform is suitable
for stationary signals while wavelet transform
more adapts to dynamic signals. For decision-
making, neural networks based approaches
have been developed. The neural network
fundamentally realizes a non-linear functional
mapping. However, the correct identification
rates resulting from existing approaches are
still low and not quite satisfactory [5-7].
Fuzzy logic techniques have been also used
for classifying PQ disturbances [8-10].

The paper is arranged as follows.
First, the different types of power system
events (considered by the expert system) are
presented. Second, the structure and most
important parts of the expert system are
described. The expert system is then tested
using different events waveforms and the
results are presented and discussed.

2- DIFFERENT TYPES
SYSTEM EVENTS:

In a power system, there are various
kinds of power quality disturbances. The
most common variations and events are given
below (see Fig.1 for examples).

a- Voltage Sag: voltage sag is characterized
as having a short-term decrease in line
voltage. According to EN50160 standard
[11], the rms voltage during the sag is
90% or less of the normal voltage with
duration between 10 ms to 60 ms. Voltage
sag is often caused by starting of large
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loads such as motors or by faults in power
system [5,12].

b- Voltage Swell: it is a short increase in rms
voltage. According to EN50160, the rms
voltage is 110% or more of the nominal
voltage. The duration is between 20 ms
and 120 s (for 50 Hz) [5,12]. Voltage
swell could be caused due to fault
initiation such as single-phase faults in
ungrounded systems or due to fault
clearing [13,14].

c- Impulse: waveforms in this class are
described as high frequency voltage
transients. They typically occur due to
capacitor switching, load start up and
lightning [5].
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Fig.1: Typical waveforms used.
{a) Voltage sag. (b) Voltage swell.
{c) Impulse. (d) Qutage. (e) Flicker.

d- Outage: an outag: is the absence of usable
power at some point. Qutages are typically
caused by system faults and circuit breaker
operation [5].

e- Flicker: heavy loads like arc furnaces,
pumps, motors, etc. will increase the level
of voltage fluctuations in the network. In
many cases these fluctuations are repeated
with a low frequency (2-25 Hz). This
phenomenon is called flicker [I2]. The
standard 1EC-61000-4-15 (international
Electrotechnical Commission)[15] states
how to measure flicker.

Identifying the different types of events, the

next step is to detect the event when it happen

and classtfy its type.

3- AUTOMATED POWER QUALITY
DISTURBANCE DETECTION AND
CLASSIFICATION:

Largely speaking, the detection and
classification problem consists of two steps
[16,17]. The first step is feature extraction
and the second one is the deciston-making or
classification step. The flow chart of the
proposed solution is shown in Fig.2.
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Fig. 2: Flow chart of the proposed expert system.
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3.1 Fourier and Wavelet Analysis Based
Feature Extraction:

A number of power quality events of
various types have been simulated and
corresponding waveforms are obtained. The
following five distinct features inherent to
different types of power quality events have
been extracted: the fundamental component
(Vn), number of peaks of the wavelet
coefficients (Nn), energy of the wavelet
coefficients (EW,), oscillation number of
missing voltage (OSn), and oscillation
number of the mms wvariations (RN). The
formula for computing these features are
given as follows [8]:

Vn = V2 abs(V"[1])/N (1
where

V"[k] is the Discrete Fourier Transform
(DFT) for the samples contained in the n™

data window defined as
N

VK] = Z V[i+(n-1)*N] e 1201

v[i] presents the sampled input signal, i=
0,1,....,L-1, with L the length of the signal

N is the number of samples in one data

window (one cycle)

n=12,..,10.
le

EW,= D abs(WCk]) )
k=l

where

WC" is the wavelet coefficients for the
samples contained in the n"" data window.

Nn = peak(abs(WC?)) (3)
where

WC® is defined as an array composed of
WC"k] for k=1,2,...,le, with le the length of
WC".

OSn = root(v’yss) 4
RN = root(V:ms — mean( V) (5)
where

Vmissl1] = V[i] — Vrer , With veer is the reference
or fundamental voltage waveform

Viuiss 15 defined as an array composed of
Vmiss[1], 1=0,1,...,L-1

W I T

Vims = \/—lhzvl[l+(n«1)N] P

NS o
Vims is defined as an array composed of
Vis, n=12,10
abs(.) gives the absolute value of the
argument
root(.) returns the number of zero-crossings
of the argument
peak(.) returns the number of peaks of the
argument
mean(.) gives the mean of the argument

In our work, ten cycles of samples of
voltage signal (in per unit) are used. The
Daubechies-4 wavelet family and the second
scale wavelet detail coefficients are utilized.
Detailed analysis on the wavelet transform
and multiresolution decomposition
techniques is referred to in [7,18].  Next,
the statistical properties of the parameters for
various power quality events can be obtained.

3.2 Expert System for Detection and
Classification:

ldentification of power quality
disturbance waveforms usually requires
significant amount of expertise in power
quality. A trained engineer in power quality
can ecasily identify the cause of the
disturbance from a given voltage and/or
current waveforms. Identifying a handful of
disturbance waveforms should not be a
problem and can be performed with a high
degree of accuracy. However, identifying
thousands of disturbance waveforms are
certainly overwhelming and tedious. In
addition to human error, manual procedures
in identifying power quality events are
obviously not practical and costly [4].

It is therefore desirable that the
expertise of power engineers be reproduced
and encoded into a set of computer programs,
The set of computer programs behaves as if it
were an expert in power quality and
processes artificial intelligence to identify
disturbance waveforms. This kind of artificial
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intelligence system is known as expert
system in power quality domain.

A basic structure for the PQ expert
system is shown in Fig.2. The input to the
system is a voltage waveforms and the output
is the power quality event associated with the
disturbance ~ waveform.  The  needed
knowledge is stored in the form of jf-then
rules relevant to PQ events.

4- PERFORMANCE EVALUATION:

4.1 Application of the Expert System:

The system is developed in Matlab and

applied in two steps:

I- Defection step:
The system will detect an event on the
bases of change in the rms value of the
fundamental component of the voltage.
Voltage dips lower than 0.95 pu or
overvoltages higher than [.05 pu are
considered by the expert system,

2-  Classification step:
Based on more than a 100 test
waveforms of different types of power
quality events it was noticed that the
classification could be made according to
the following set of rules.
Rule 1: classification of the event as a
flicker according to the EW parameter.
For the flicker event it was noticed that
the difference between the maximum
values of the EW parameter of the test
waveform (EW,) and the reference
waveform (EW,) was less than or equal
to ].
Rule2: classification of the event as an
impulse according to the OSn parameter,
For the impulse event it was noticed that
EW.-EW > 1 but OSn < [.
Rule 3: classification of the event as an
outage according to the RN and Nn
parameters.
For the outage event it was noticed that
EW,-EWp > 1
OSn>1

RN =Nn =|

Rule 4: classification of the event as
voltage sag according to the Vn
parameter.

For the voltage sag event it was noticed
that

EW -EW, > 1

OSn> |

RN # Nn #|

Maximum rms value of the fundamental
component of the test waveform (Vx)
is equal to that of the reference
waveform (V).

Rule 5: classification of the event as
voltage swell according to the Vn
parameter.

For the voltage swell event it was noticed
that

EWn-EW, > 1

OSn >t

RN # Nn =1

Minimum mms value of the fundamental
component of the test waveform (Vnu,)
is equal to that of the reference
waveform (Vn,).

4.2 Results:

The proposed expert system was
applied to 20 waveforms of different types of
power quality events and it managed to detect
and identify all of the 20 cases successfully
(100%) which is an improved result over
other classification methods previously used
where the best one of them [4] identified only
94.6% of the events successfully, The
following cases show different waveforms
and the response of the expert system to it.
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Fig 1 Voltage wavelorm during normal operation

In that case the detection step the system
detected no change between the maximum
and minimum ms values of the fundamental
component of the voltage.

Viima =Vigin= 1 pu

Case 2: Voltage Sag:
Voltage Sag
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Fig.4 Voltage wavefonn during sag event

in the detection step the system detected
changes between the maximum and minimum
rms values of the fundamental component of
the voltage as follows
Vi = V0= | pu Vimin = 0.8 pu
and the voltage parameters were as follows
EW, -EWpn, =2082 > |
Osn=1
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RN =2 Nn =2
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Fig.5 Voltage waveform during swell event

[n the detection step the svstem detected

changes between the maximum and minimum

rms values of the fundamental component of

the voltage as follows

Vimax = 1.4 pu Viimin =Vn,= 1 pu

and the voltage parameters were as follows
EW, -EWn=4164> 1

Osn=1
RN =2 Nn =2
Case 4: Impulse:
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Fig.6 Voltage waveform during impulse event

In the detection step the system detected
changes between the maximum and minimum
rms values of the fundamental component of
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the voltage although it was not a great change

as follows

Viimex = VN, =1 pu Vo =0.99 pu

and the voltage parameters were as follows
EW-EW,,, = 2809380 > |

OSn=0.5
RN =2 Nn =]
Case S: Qutage:
Qutage
1
0.5
5 o
E|
s
0.5
4 i
L . : |
0,05 01 0.15 0.2
Time (sec)

Fig.7 Voltage waveform during outage event

In the detection step the system detected
changes between the maximum and minimum
rms values of the fundamental component of
the voltage as follows
VNpmax = V=1 pu Viimin = 0.8 pu
and the voltage parameters were as follows
EW,-EW , =2082> |
OSn=|
RN =l Nn =]
Case 6: Flicker:
In the detection step the system detected
changes between the maximum and minimum
rms values of the fundamental component of
the voltage as follows
Vhma = V0, =1 pu Vimio = 0.88 pu
and the voltage parameters were as follows
EW-EW,,=0<1
OSn=1

RN =3 Nn =10
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Fig.8 Voltage waveform during flicker event

5- CONCLUSION:

This paper presents an expert system
for automatic detection and classification of
power quality recordings. The main objective
of the system is to distinguish between the
different types of power system events. The
expert system considers events that present a
considerable change in voltage. The expert
system  enables fast and  accurate
classification of the recordings in term of the
origin. Event classification offers the means
for better understanding and description of
the operation of the power system in term of
power quality.
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