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ABSTRACT

Power quality is one of the most concerns to teetat power suppliers, equipment manufacturersthad
users of various electrical and electronic equipenhis paper presents the use of a continuouglefv
transform to detect and analyse voltage sags arellsswCharacteristics which include duration and
magnitude of the investigated signals are measudadike other approaches where the detection is
performed directly in the time domain, while theeiion by using wavelet transform analysis appndac
carried out in the time-scale domain. The wavelgicfion Daubechies4 is used as the base function in
detection and identification because of its freqyeresponse and information time localization préps.

The measured parameters and characteristics arg b@mnpared by implementing the SPSS software. The
whole method is contrived and tested over a sangpeesenting recorded disturbances. The resuligesho
that Daubechie4 is best suited for detect and ilealoltage sags and swells for 50Hz system, while
DaubechielO is suited to determine smooth distudmnThe success percentage obtained for the entire
tested disturbance’s signal was more than 90%.

Keywords: Continuous Wavelet Transform, Daubechies4, IBM SPR&istics, Time-Scale Domain,
Voltage Sags, Voltage Swells

1. INTRODUCTION Wavelet transform is a recent signal processing to
used in power quality analysis. The length of the
Power quality is a set of boundaries that allow smoothing window of the wavelet transform depenals o
equipment functions in their intended manner withou the frequency analyzed. In other words, long winslow
any significant loss of performance and life are used at low frequencies and short windows gtt hi
expectancy. Poor power quality will cause poweelin frequencies (Santoset al., 1996; Kopparapu and
disturbances. Recent years, power quality has becomChandrasekaran, 1998). Therefore, wavelet transform
the most essential issue to consider for any edeatr leads to accurate frequency resolution and pooe tim
devices or machine (Kopparapu and Chandrasekararipcation at a low frequency while it's provides acate
1998; Dehghani, 2009). Due to the large utilizatedn  time location and bad frequency resolution at ahhig
power electronic in the power system, there is @dne frequency. The problem of power quality has been
to diagnosis the power quality in the distribution studied for more than a century. There are segtudies
networks in order to reduce the risk of equipment (Heydt and Galli, 1997; Gaoudtal., 1999; Poisso#t al.,
damage and cost. 1999; Resendet al., 2001) where wavelet transform is
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used for detecting and identifying disturbanceshwit
wavelet window, Daubechies4. Previous researches
(Santosoet al., 1994; Bingham, 1998; Kopparapu and
Chandrasekaran, 1998; Kiet al., 1999; Poissomt al.,
2000; Duganet al.,, 2012; Basu and Basu, 2004;
Kanitpanyacharoean and Premrudeepreechacharn, 2004;
Kasula, 2007; Milindet al., 2008; Talaagt al., 2008),
which study about performance of wavelet have mego
several methods to diagnosis the power qualitylenob

In this research project, the entire tested sgjnaé

22kV, 50Hz. The analysis starts with monitoring and ﬁ ﬁ ,{\ ﬂ ﬁ ‘Ii"
collecting the disturbances’ waveform and then the

disturbances’ waveform is being converted into 1"....-"- U U u
numerical value by using the power quality recorder

After that, wavelet transform is applied to extractd
analyze the data. Some parameters which includ
standard deviation, mean are recorded and compdre w

recorded parameter using SPSS.
The paper is organized into five sections. Secfion

Fig. 1. Voltage sag

eFig. 2. Voltage swell

Tablel. Categories and characteristic of sag and swell

provides background information of Power Quality phenomena - -
Disturbances and Wavelet Transform. The methodology,_ . Té’p'c?_l Typ'cal.t"%'tage
used for the evaluation in disturbances diagnosis i_—2cdores __ uration magnitude
described in section 3. A case study involving mga  1-0Short duration variation
of disturbance is presented in section 4. Thedastion L.1instantaneous

. . . P . 1.1.1 Sag 0.5-30 cycles 0.1-0.9 p.u
provides a major conclusion and indicates the toec >swell 0.5-30 cvel 8
to future work 1.1.25we .5-30 cycles 1.1-1.8 p.u

) 1.2 Momentary

1.1. Background Information el > é?;/;'sssg’ss f-ll'f-j’gt’
1.1.1. Overview of Power Quality Disturbances 1.3Temporary

In this research project, the short-duration \ama 1.3.1 Sag 3s-1 min 0.1-09 p.u
disturbances are considered. Normally, the short- 1.3.2 Swell 3s-1 min 1.1-12pu
duration variations are caused by energizationoaf |
loose connections in power wiring and transientitfau In addition to the above definitions, the IEEE 915

conditions. The faults will indirectly cause voleagags,
voltage swells and interruptions.

Sags referred to any reduction in voltage belawea-
defined low limit as shown irig. 1. The reduction of
voltage is between 10% and 90% and lasting focgcles 1.2 Overview of Wavdet Transform
to several seconds. For sag that less than haltle &
regarded as transients. Voltage sag usually happesis a Wavelet analysis is applied to the disturbances
temporary disconnection of supply, the flow of heav signal obtained. It provides a representation ith lione
current associated from the start of large motatdoor the  and frequency of tested signal, which enhances the
flow of fault current. The effect of voltage sagetguipment  purpose of detecting transition events in powerlityjua
depends on both its magnitude and its duration. The wavelet transform decomposes the disturbances

Swells were similar to sags, except that the gelta gy, into detailed and smooth versions. The vetvel

exceeded a user-defined high limit and is illustain analysis uses short windows at high frequenciedal

Fig. 2. Voltage swell is defined as an increase up to a_ . :

level between 110% and 180% in rms voltage of theWIndOWS at low freque_nues. The frequency bands tha
power frequency for periods ranging from a halfleyto represent each resolution level are summarizeabie

a minute as shows. Normally, voltage swell occunenv ~ 2- FromTable 2, level 6-7 are more important levels that
the line faults and incorrect tap settings in thprgers ~ contain the main features of signal with normal

in substations. frequency 50Hz.

document further classifies the duration values thtee
categories: Instantaneous, momentary and temporary
which have been provided irable 1.
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Table 2. Detail and approximation coefficients Generally, system frequency in Peninsular Malaysia
Approximation  Frequency  Detail Frequency is 50 Hz. Therefore, the system frequency is around
coefficients band (Hz)  coefficients  band (Hz) 50Hz for all sites in the south distribution regiom

Al 0-2500 D1 2500-5000 Malaysia. The power quality disturbances were réedr

A2 0-1250 D2 1250-2500 on the 22kV distribution network in Skudai, Johor,
A3 0-625 D3 625-1250

Malaysia. The significant disturbances were rectrde

A4 0-31.5 D4 812.5-625 over a few month periods.
A5 0-156.25 D5 156.25-312.65 - .
A6 0-78.125 D6 78.125-156.25 The database obtained from the Southern Region,
A7 0-39.062 D7 39.062-78.125 Phasor. I\(Ieasu_remgnt Unit .(PMU) SkL_Jda|, Johor,
A8 0-19.531 DS 19.531-39.062 Malaysia is being imported into the Reliable Power
A9 0-9.765 D9 9.765-19.531 Meter software. The disturbances are being selemted
identified and then converted into a text file wdéehe
T T r T T T disturbances’ waveform is presented in numericliesa
for further analyse in Matlab toolbox and SPSSveare.
I | The most commonly occurring disturbances, i.e.agmst
sags and voltage swells signal with nominal fregyen
0.5} ] 50Hz; 22 kV are being analyzed.
The decomposition by wavelet transforms method
0 using Matlab Toolbox results in an approximatiord an
detail coefficient. The parameter such as standard
0.5} i deviation, number of cycle in voltage sag and swell
durations are being studied and analyzed by uskgSS
L . X ' . L software. The process of the disturbances’ detectio
0 1 2 3 4 5 6 7 estimation and classification basically consists tlodé

following blocks is shown iffrig. 4.

3. RESULTS AND DISCUSSION

Fig. 3. Daubechies’ wavelet with 4 filters coefficients.

The detection and localization of different typefs
power quality disturbances is greatly influencedtbg . .
choice of analyzing wavelets. Daubechies4 and 3.1. Resultsfor Power Quality Disturbance

Daubechie6 wavelets in the Matlab Wavelet Toolbex a The curve shown iffig. 5 is the Computer Business
better suited for short and fast transient distuces,  Equipment Manufacturers Association (CBEMA) curve
while Daubechies8 and Daubechies10 are partlcularlym Reliable Power Meter software where Y-axis of th
suited for slow and long transient disturbances.curve represents the nominal voltage amplitude Xnd
Therefore, Daubechies4d and Daubechies6é are morexis represent the time after the events occuffegiire
appropriate choices. In the project, Daubechi€sg. 3) 6 shows one of the voltage sag events being selected

was adopted in capturing all disturbance’s types. from the dotted in CBEMA curve.
A set of pure signal and different disturbanceg$s
2. MATERIALSAND METHODS swells) have been analysed with a subset of 34gelt

) ) ) swells and 77 voltage sags. The parameters which

Methodology is an important section to be focusedinclude maximum and minimum value and standard

on because the overall progress on the project igeviation are studied using both Matlab and SPSS
previewed. The project is conducting in phase’ssbas  software. For this paper, the value of standardatiew,

follows: which is one of the parameters obtained from both

methods, is being compared. The comparison is prese

Phase 1: Literature studies _ _ in the form on the bar chart as providedrig. 7.
Phase 2: Database conversion using Reliable Power  oiher than the parameters mention earlier, the

Meter o histogram is also one of the ways to distinguishtpe
Phase 3: Data analysis using SPSS of disturbances where it can provide a visual sefiskee
Phase 4: Detection and localization using Waveletfrequency distribution. The histogram of the puignal
transform method is constructed irFig. 8. For a disturbance’s signal, the
Phase 5: Manipulated data being compared betweemistogram shows a non-symmetrical distribution afad
both analysis tools as shown irFig. 9.
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Input Wawvelet Disturbance Disturbances
disturbances transfonm detection parameter
power signal (Daub4) analysis

Fig. 4. Power disturbances detection and classificationgss

i skudai 22 KV {pmu skudai 22k 080400 11:39) (CBEMA)
Phaze & Event Talerance Summary . August 11, 2000, 30 events.

200%

[l ]

200%

A00%

0%
AD us 100 us 1ms233ms 1= 1= 1 min 1 hr 1 day
Fig. 5. The events and the summaries for Skudai Distabutietwork
pimu skudai 22 kW (pmu skudai 22KV 082/04/00 11:39)
— FPhaze & voltage, (Event 4300, Sug 09 2000 135856193 (K=200

Ok
26 667 milizecondsidiv. 13697k 16667 millizeconds duration.

Fig. 6. The voltage sag event
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Bar chart
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Fig. 7. Bar chart of number of cases against standard titavia
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Fig. 8. Histogram of pure signal

In Fig. 10, by implementing the Matlab Toolbox, the

The colour map indicator is illustrated kg. 12.

detection of sag on a 50Hz signal by using six ileta The colour varies from the indigo to red indicake t

levels with wavelet transform daubechies4
illustrated.

It is important to note that for all practical poses,
Daub4 fails to detect this smooth disturbance. Hare
this disturbance is well detected with DaubE@ure 11

shows an example of smooth sags.

% Sdence Publications

295

is amplitude of the signal varies from minimum to

maximum. This colour map indicator act as a scale t
verify the amplitude of the signal.

The wavelet transform analysis for sag disturbance
in the superimpose mode by using Matlab toolbox is
shown inFig. 13.
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Fig. 9. Histogram of disturbance signal
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Fig. 10. Sag disturbances and six level of detail usingdeahies4

3.2.Analysisfor Power Quality Disturbance

This section will discuss the strategies to dedect
identify the power quality disturbances.
By referring to theFig. 5, the green dotted to

are then being converted into text file and impotb
SPSS and Matlab. In this study, voltage sags &emntas
an example of the case study.

The time and duration of the disturbances and
the data of the power disturbances are recorded for

represent the power disturbances’ events. Eachngreeeach disturbances signal to achie¥ég. 6. The
dotted point on the CBEMA curve has been seleated t recorded duration for the voltage sag is 16.667

further analyze. The selected power disturbancesnts
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Decomposition st level 5. s=a3+d3+dd + 03+ 2 + i1 .
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Fig. 11. Sag disturbances and five level of detail usingtizehies10
[ . the above bar chart, out of 77 cases of sag eventg,
Scale of colors from MIN to MAX 18 cases are shown. The upper bar chart is plogid

Fig. 12. Colour map indicator

the value obtained from Matlab and the lower barth
present the value obtained from SPSS. It is obdetvat
there is not much different between both methods an

Table 3. Range of standard deviation for different typsighal hence the value obtained from SPSS is used fondurt
Type of signal Standard deviation analyse since it is a computer program for statsti
Pure signal 1.6e04 analysis.
Voltage sag <1.6e04 From the analytical value, clearly the maximum and
Voltage swell >1.6e04 minimum value can be used to indicate that whetiher
Table 4. Summaries of the statistical results signal is voltage sag or voltage swell. In thise;akthe

No. of Std dev Std dev maximum and minimum value is exceeded the nominal
Signal cases <1.6e04 >1.6e04 Accuracy Voltage (22kV), it is a voltage swell whereby ifeth
Sag 77 7 70 90.9% maximum and minimum value is below 22kV, it is
Swell 34 34 0 100% categorized as voltage sags. Therefore, these two

parameters are significant in determine the typsigrial

The magnitude of the voltage is 13.697kV, whichais gt first stage.

decrement of 37.74% of the nominal voltage. The
method to obtain the voltage drop percentage isslas

Besides, voltage sag and swell can identify by
referring the standard deviation. Frofable 3, the

following: range of the standard deviation is listed. It is
Voltage of system =22 kV important to note that the references value of the
Voltage of the event =13.697 kV standard deviation is only valid to the signal with
Thus, drop percentage = (22k — 13.697k)/22k nominal voltage 22kV, 50 Hz.

=37.74%

From Fig. 7, the

The above statement is being tested against af set
pure signal and a subset of 34 voltage swells dsase
Y-axis represents the number of 77 voltage sags. The accuracy of the statementeaisov

cases and X-axis is the value of standard deviaffon stated inTable 4.
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w1 EI‘ Signal and Apprnxlma{lnn(s) atlevel(s):1 234567
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Scale of colors from MIN to MAK
Fig. 13. Sag disturbances in superimpose mode

The statistical results prove that the standard The basic functions in wavelet transform use time
deviation also one of the parameters in identifibd compression or dilation rather than a change in the
type of disturbances. Notice that, for each type offrequency. Wavelet analysis is applied to distudean
disturbances, each case’s standard deviation vislue signal obtained. The wavelet transform decomposes t
measured and recorded for assessment proposeshetwedisturbance signal into detailed and smooth vession
SPSS and Matlab. There is not much different batwee Approximate signal is smoothed versions of theinab
the value obtained from both SPSS and Matlab. signal while detail's signal is the detailed versiof the

The height of the bars illustrates the occurrerafes original signal which is represented as wavelet
variables along the value of the horizontal axis. iA transforms coefficients at scales one (level 1)eskh
Fig. 8, the shape of the pure signal distribution is coefficients bring the detection information.

symmetrical. For Fig. 10, the X-axis represents the data size (for
For a disturbance’s signal, the histogram shows athis case is 1024 points) and Y-axis represents the
non-symmetrical distribution of data as showrfig. 9. magnitude of the power disturbances’ event. The d

The X-axis indicates the magnitude of the signahae represent the details signal where n equals Jefalll, 2
than 22kV. Moreover, the histogram below shows for level 2 and so fore, whereasis representing the
majorities of data were distributed in the range20f104 approximation signal. For above figure, it show$/ag,
to 2x104 and only minority were distributed morarth  which means the approximate signal at level 6. d¢oti
magnitude 22kV. It will indirectly provide informiah to that, the larger the detail levels of the signiaé smaller
the type of signal. Normally, the short-durationmeo the frequency intervals of the analyzed signal bexdce
quality event will happen only 0-3 period cycle. the disturbances signal can be observed clearercd;le
Therefore, the type of signal for the histogramobels smaller frequency interval is applied at a largetad
most properly voltage swell. level to detect the duration of the power distudsen
In order to extract the disturbance from the digna event.
and detect the duration of the signal, the wavelet The first graph irFig. 11 shows the original signal
transforms inFig. 10 is being considered. Wavelet can waveform. Even though the graph did not show any
be chosen with desirable frequency and time significant drop along the signal yet the magnitofiéhe
characteristics. signal is below the nominal voltage. Therefore,isit
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voltage sag. The X-axis represents the data sideYan identification and classification where the entiested
axis represents the magnitude of the power distdos disturbance’s signal was more than 90%.

event. When the voltage sag occurs all along theasi The limitation of this research work is mainly fsc
Daub10 is introduced. In this case, Daub10 workshmu on the wavelet transform method. Daubechie4 isgoein
better than Daub4 because Daub4 does not have enougelected for the short and fast transient, while

time to sense the slow changes of disturbance. Daubechiel0 is being selected for short and long
The reduction of magnitude of voltage can be transient analysis.
observed clearly in the colour map Kig. 12. By Further extension of the current study is

referring toFig. 13, the disturbance signals are extracted recommended to conduct an investigation to further
from the original signal when the resolution lesl detection and localization capability with many erth
voltage swells is level 7 and it can be seen glearl disturbances such as momentary interruptions, isesul
through the colour map indicator. The third grapFiig. and various types of wave shape faults. The gaeldca
13 is representing the disturbance signal (detaiishe not only detect but also to classify various typds
form of colour map. The x-axis represents the nunolbe  disturbances automatically by using a certain dtlgor
level of resolution and the Y-axis represent th&lto such as artificial neutral network. A new methodickh
number of point of the signal. is S-transform can be introduced since it overcothes
Wavelet transform analysis is sensitive to signal disadvantages of wavelet transform and uniquely
with irregularities. For example, the power quality combines a frequency dependent resolution of the-ti
disturbances, but it is “blind” to a pure or comstike frequency space and absolutely referenced locasepha

behaviour of the signal. Hence, it is clear thavelat information.

transform analysis is an appropriate tool to deteul

localize power quality disturbances. However, the 5 ACKNOWLEDGEMENT
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