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Abstract. The detection of disturbances in power quality is a major task for the efficiency of the electric system. It
should be done by monitoring the electrical signal using signal processing methods to identify these events. The
proposed monitoring start with the decomposition of the signal generated in a bench simulation of voltage sag and
uses the Fourier Transform Window and Wavelet Transform. The detection is to identify the event before classification
without additionalhelp of complementary techniques. It appears that both have a good efficiency in the detection of
voltage sag, and the Wavel et Transform givesbetter performance.
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1. INTRODUCTION

The non-sinusoidal loads and fluctuations in enarggsumption cause disturbances in electrical pdivatr can
affect performance, equipment life and affect asrajpt industrial processes. These same non-siralslmdds are
composed of highly sensitive electronic devices teguire reliable power supply and require higheleof power
quality (PQ). The diagnosis of disorders begindulie acquisition of samples of the signal, aimtimpugh his study
of mathematical tools used to decompose theselsigria elementary signals or extract relevant abgaristics of the
signal.

During the study of disorders to check the quatifyelectric power tools go through the steps ofedibn and
classification. The detection step it is the petiogpof the existence of the event power qualityisfiing in a pre-
assessment. Following the disorder is classifiedcbyparing the benchmarks of the disturbances. Bwdls are
backed by complementary methods such as digitatgil Neural Networks, Fuzzy technique, etc. fassification after
detection of the disorder in the following casebeTFourier Transform Window (FTW) when need to sant of
short duration, temporary and transitory charaatet Wavelet Transform (WT) to a concentration cérgg disorder
analyzed as Parseval's theorem signal study idasitoi the reference signal. The highlight of thisrk is to evaluate
the performance of WT in the FTW and detection st#pout tools and auxiliary methods (Cesario, 2011

2. BASIC CONCEPTS

The PQ of a system is the compatibility betweerr@mpower and electrical equipment connected togburce. In
the Brazilian electric system is directly linked tfte supply of an electrical signal in the sinuswidve pattern of
constant amplitude and constant frequency of 60 Hz.

Due to the electrical characteristics of the opegasystem such as the presence of demand variasymmetry in
the connection charge, system fault, starting ojdadoads, presence of non-linear loads, etc, admmgcur in the
pattern of supply and characteristics intrinsi®®. These changes may be permanent or short tiollagé Variations
Short Time are phenomena that have significantadievis in the Root Mean Square (RMS) voltage ihatsperiod of
time, such as an outbreak, peak and voltage sag.

Voltage Sag as defined by IEEE Standard 1159-18% decrease in RMS voltage between 0,1 p.u9 @.0,, at
the power frequency, with durations from 0.5 cydte4 minute.

The correct interpretation of the results obtaibgda device that purports to detect the presencmitdge sag is
directly linked to the understanding of the metHodg used by the equipment. Different methods d¢dation and
parameterization result in different answers aretetfore different interpretations. Knowing thehmicjues used to
process the signals and the different responseadh type is essential (Gongaletsl., 2007a).
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2.1. Window Fourier Transform in the Analysis of Ekctric Power Quality

Obtaining information in the time domain and freqoy are used as parameters for characterizatian fdatthe
study of power quality disturbances. The expangoa Fourier series representation of periodic tions by sum of
harmonic sine functions. The Fourier transform (BT)sed to represent a non periodic signal bynatfon and general
rough and consists of a period of a periodic sigméhe frequency domain as Eq. (1) (Goncaktes., 2007b).

S(w)= [st)er e, W

—00

wherew is multiple frequency of the fundamental frequenaey.

The FT implicitly includes the assumption of thgreil being analyzed be stationary (Bollen, Gu, 2806 Lathi,
2007), because the occurrence of the disorder énpissage of time domain to frequency domain, pfrhe
information is lost in such a way that can not tifgra particular event, ie, when one observesiRheof a signal is not
possible to say that time began or ended a paati@uent. The identification is only possible iftirbance analysis
window is positioned exactly on the occurrencehef évent. However, in a dynamic system can notigredhen the
disturbance occurs.

Dennis Gabor adapted the Fourier transform to aeadypart of the signal in time, the method of fopéndows"
in the signal (Oliveira, 2007a, 2007b). Gabor'spalgon is a technique called Short Time Fourieansform (STFT) or
window Fourier transform (WFT).

The technique is to "open windows" in the sign&b ia sequence of intervals, where each sequersreal enough
so that the waveform is an approximation of a welmeost stationary.

The windowing is accomplished through the use ef rtultiplication of an input signalt) for a given window
functiong(t-r) whose position varies in time (is translated by plarametet), ie, divides the signal into small segments
in time. Thus, for each window is applied to FT dhe signal is placed in two dimensions, time amdjdency. Thus,
one can define the WFT of a continuous sigfalas follows in Eq.(2):

S(r, w) = J's(t).g(t -7)e @, 2)

whereg(t- 7) is previous windowing functios(t) by a functiong(t) transferrecaround the time.

Thus, each window has a frequency spectrum thptagis the contents of this small frequency intemapped in a
two-dimensional function (time and frequency), asven in figure 1.
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Figure 1. Fourier Transform Window. Source: Boll&u, 2006 e Lathi, 2007 with adaptations.

In figure 1, the sign in the above analysis ofhart is divided into serids (timez), ie, each segment of the series
lastst;. Then, the FT is applied in these segments.

Intuitively, when the analysis is viewed as a filbank, the resolution in time increases with teeter frequency of
filters, ie, performs the analysis filter bank cstiag of bandpass with constant relative bandwi{dthquality factorQ
constant. Relation between stored energy and awepawer dissipated). With consta@f thet and w resolutions
change with the center frequency as Lathi (2007):

AtAw==. 3)
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The WFT can also be represented by the distribudfoanergy spectral density in the planx f or plant x f X E, as

shown in figure 2 and figure 3, Whef&? andE is the power spectral density.
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Figure 2. Principle of Spectrogram - spectral dgnisithe plane x f. Source: Bollen and Gu (2006) with adaptations.
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Figure 3. Example Spectrogram - spectral densithérplane x f x E. Soure: Cesério (2011).

2.2. Wavelet Transform in the Analysis of ElectricPower Quality

Wavelet Transform is a variable windowing techeigallowing an evaluation at the time of long dimat(low
frequency) or short (high frequency). She workshwdiata and continuous data respectively with trserdtized
versions of continuous WT (CWT) and TW discrete @)VAssociated with the Analysis Multiresolution NiR),

shifting decomposes the signal into different ssalh different levels of resolution, from a mdimction (Britoet al,
1998).

The decomposition-based AMR WT and results in lsepresentations in the time domain and frequenniike
the FT that provides a global representation ostheal, also solving the problem of resolutiortted FT. WT is a local
linear transform generated by a filter bank of ¢cansquality factor / relative frequency (Brigbal, 1998 and Misitiet
al, and Others, 2008).

The scaling with displacement of wavelet functio(t) is shown in Eq.(4):

Ly !

.. (t)
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wherea is the scaling parameter and is different fronozéindz is the translation parameter, and that belongeaastt
of real numbers.

The DWT-dimensional maps a discrete signal (timeg two-dimensional representation (time scaleljfégrent
scales with different levels of resolution. It &presented in Eq.(5).

Flar)= \/i? kZ f (t)w(t_r;?a?] (5)

wherea, is a fixed dilation parameter greater tharrfls the translation factor fixed and nonzemoe q coefficients
correspond to lattice points in a two-dimensiorah{e-domain translation), the first being assediatith discrete
steps in the scale and the second discrete stépaesfation.

The technique AMR allows the decomposition of analgat different resolution levels, providing impaot
information both in time domain and frequency. Bisttechnique, the signal s analyzed is first dgomsad into two
other signals: Coefficient Approach A;) and Coefficient Detail 1 €D;) on each of them to a weaker version and
another version detailed by low pass filters amghlgass. As an example of the described, folloviiugre 4 represents

the filtered signas to the 3rd level.
s |l 4L
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Figure 4. Successive filtrations and decompositifres signal to the 3rd level. Source: RodriguéX0g).

The decomposition of the input signal s is madenfthis filtering and decomposition oA, andcD; to the level r,
generatingAg andcDr. The number of levels of decomposition is madéhab the fundamental frequency of the signal
is at the center of sub-band of lower frequencgiesrder to limit the effects of spectral contentred fundamental in the
other sub-bands (Misiét al, 2008).

3. METHODOLOGY USED

The method is based on the monitoring system with BETW and the WT for decomposition of the sampled
electrical signal system. Tools independently dedésturbances in the signals compared the sigeebrhposed with a
reference signal.

The sampling frequency is 30,720 Hz. She was chtsdie generated 512 points for each cycle of #tevork
signal whose fundamental frequency is 60 Hz Thiug, discretization can be done right signal to ttegdency of
15,360 Hz , which corresponds to 256 °© as harnigpquist theorem.

This procedure makes it feasible to compare thepksmmested in each window under analysis withfihelamental
signal (reference signal) or by TFJ or by TW, ip@ssible to detect the initial stage of the disomhd thus its location
in time (ANEEL, 2001 e Beliséario, 2003).

The disturbances are analyzed and recorded inrhdated test bench of the QEE 2910 Datapool (Gesadl11l).
The bench allows the generation of disturbance$ s ditching instant, momentary lifting the tengrgrnoise,
harmonics, voltage fluctuation and variation ingfiency that are detected and modeled by the systernquisition
and signal analysis in the areas of time and frnecuéoscillograph). It also provides measuremeut dsualization of
the waveform of voltage and current signals in teaké modeling the analyzed signal. Are removednfitbie bench
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recorder information on the fundamental frequenoy the detection of the event. These are, resgdgtifor analysis
of signal disturbance and presence of the check fram the moment of error detection.

The two methods (WTF and WT) are to identify thewcence of the disorder using the informationlitse
transformed and the instant of discontinuity of éinergy contained in the signal analyzed, as eratgy of each
transformed as Eq.(6).

E(x)=|F(x)|2. ©6)

According to Parseval's theoreB(x) is the energy contained in the function &) is the Fourier Transform of
the function.

For WTF:
E(x)=[3(x,7)", (7)
whereJ Window Fourier Transform of the function an the displacement (range of translation) ofviiredow.
And For WT:
E(f)=w(ar)’, (8)

whereW is the Wavelet Transform of the function ani$ the scaling.

4. APPLICATION OF METHODS
Voltage sag is a disorder that has as a causeedtiits in the power system, energization of highver loads,

interaction between the load and power line (esfigcduring start-up equipment) or between the lead source
impedance energy. The figure 5 illustrates thecfdy2 pu and duration of 10 cycles.
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Figure 5: Sign in analysis - Detection of voltagg &y oscilograph.

The figure 5 also brings the information of theutesf detection of the sag oscillograph. The ewaatted at time
0.255 seconds and finished in time 0.4217 seconds.

4.1. Detection using the Window Fourier Transform

The figure 6 shows the spectrogram of the signaivom dimensions (time x frequency) and figure 7vefidhe
spectrogram of the signal in three dimensions (@nerTime x Frequency) resulting from the TFJ. Tneph shows
that voltage sag occurred since the discontindith@® energy of the first frequency range (60 Hz).
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Figure 6. Detection of voltage sag by WFT - Spagtim in two dimensions.
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Figure 7. Detection of voltage sag by WFT - Spagaim in three dimensions.

The figure 6 and figure 7 also illustrate the resdilthe detection information from the oscilographthe voltage
sag. The event started at time 0.255 seconds aistidid in time 0.4219 seconds.

4.2. Detection using the Wavelet Transform

It has been the result in figure 8 WT using the ANiRthis analysis on the first level of decompiositis possible
that the algorithm presents the variations in ga@@ed window. Such variations are responsiblarfitiating (0.255
seconds) and end (0.4217 seconds) the sag. Thtbegh data it can be stated that the proposeditalgousing the
TW was able to detect anomalies in signal voltagkthe initial time the system returned to stededtes
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Figure 8. Detection of Voltage Sag by WT - Thetfitecomposition level.

4.3. Results

With the results obtained it appears that both pethhave satisfactory efficiency for the detectibrvoltage sag
disturbances. These results are shown in Tab. taltwlate the percentage of error was considdredotal of events
recorded by these methods.

Table 1. Efficiency in detection of disorders

Percentage error
Event
TFJ TW
Sag 0.12% 0%

5. CONCLUSION

This study aimed to analyze the comparative perémeca of the WTF and WT in identifying the disordag during
operation of an electrical system. The differentiithis study was the comparison of two methodhaevit the aid of
complementary tools to identify the presence ofethent.

It was shown that screening using the WTF and Wrevessertive in identifying sag according to thehoé used
to fit the window (WTF) and the level of decompasit(WT AMR). The WT provides information about tirequency
content of signals similar WTF. However, unlike M&F, WT is able to concentrate in small time imgds of high
frequency content and time intervals for low fregeyecontent, highlighting the detection is for tréason.
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