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Power quality disturbances of different intensities constantly
Time-frequency analyses occur in real distribution systems. Many of them
Short-time Fourier transform are just temporary ones, while others cause the
Continuous wavelet transform tripping of protection devices and the suspension
Wigner-Ville distribution of electricity supply. For distribution network
Hilbert-Huang transform operators, timely identification and an adequate

analysis of disturbances represent a very important
segment of operation of power distribution
networks. In this paper, the disturbance measured
in the real distribution system of Bosnia and
Herzegovina is analysed using four different time-
frequency analysis techniques (Short-Time Fourier
Transform (STFT), Continuous Wavelet Transform
(CWT), Wigner-Ville Distribution (WVD) and
Hilbert-Huang Transform (HHT)). The results
show that all the applied techniques have
successfully identified the disturbance which is
reflected in changes in frequency during the
observed time period. These techniques could be
suitable to be applied in power quality monitoring
systems, which provide the required measurement
signals. The utilization of these techniques can
provide distribution system operators with very
important additional information about the
distribution system.

1 Introduction standards and legislation [1]. In recent years igpec
attention has been given to power quality
Power quality is a very important segment for bothmonitoring systems. Nowadays, there are many
electricity suppliers and distribution systemequipment manufacturers who provide high-quality
operators. It is regulated not only by internationameasurement instruments and power quality
standards (IEC, IEEE, EN), but also by nationamonitoring systems. A significant number of
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electric power companies are actively testing o2 The data and applied time-frequency
deploying such systems in their distribution  techniques

networks [2]. Power quality monitoring instruments

have very high sampling rate (up to 1024 sampleg 1 The signals from real power distribution

per period, i.e. 50 kHz) and can provide a large system

number of measurement signals to the competent

staff. These instruments are a part of power qualitSignals analysed in this paper are measurements
monitoring systems, which are also comprised ofrom the real electricity distribution system of
adequate communication infrastructure, serverggH. The measurements were conducted as a part
with databases and software programs for thgf the pilot project for testing power quality
analysis of data and signals. An analysis Ofmonitoring system, implemented during the first
available signals with adequate techniques cajhree months of 2012. The measurements were
provide additional information about power qualityperformed using ELSPEC G4500 power quality
disturbances in distribution networks and enabl@nalyser which was installed in the middle voltage
better visualisation of the events.. _ power distribution system in the wider area of the
In this paper, the analysis of signals/disturbancegity of Mostar. The disturbances analysed in this
that occurred in the real distribution system irbaper are shown in F|g 1. They occurred in the
Bosnia and Herzegovina (B&H) is done using fouimonitored electricity ~ distribution system on
different time-frequency techniques. The results ofepruary 7, in 2012. Fig.1 shows that the
the analysis show that all the used approachefonitored disturbances are temporary earth-faults
enable the successful identification of disturbanceof very short duration in phase L3.

reflected in the changes of frequency during theor the practical analysis, the signal sampling rat
observed time period. Generally speaking, Shorbf 1600 Hz was selected, while the base frequency
Time Fourier Transform (STFT), Continuousof the power system is 50 Hz. The first disturbance
Wavelet ~ Transform  (CWT),  Wigner-Ville starts at 0.06 s and lasts until 0.1 s of the aealy
Distribution (WVD) and Hilbert-Huang Transform time period. The second disturbance starts at9.18
(HHT) are techniques that are often used foand lasts until 0.23 s (Fig. 1). During the meagure
disturbance identification, power quality analysisdisturbance, the amplitude of L3 voltage drops to
localisation of disturbances in distribution netk®r zero, while the amplitudes of the other two phase
etc. [3-8]. Also, comparative analyses applying thgoltages increase by the factor @B, which
techniques used in this paper for analysing differe represents a classic earth-fault.

phenomena can be found in [8-13]. The calculations

and visualisations used in this paper are performesly A short review of time-frequency approaches
with widely available code and software tools applied to disturbance identification

according to [14-17]. This paper, however, does not

deal with some important aspects of using these e STET CWT. WVD and HHT are the time-

techniques as a part of power quality monitoringrequency techniques often used in almost all the
systems such as computational complexity, signal

processing time etc. Therefore, the rest of thjgepa 3.
is organised as follows. Section 2 briefly presents

the analysed signals and gives a short overview 0
the applied time-frequency techniques. Section 3 =3
presents and discusses the results. The conclusior’y
are given in Section 4. o)
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K

Figure 1. Voltage transients measured in real
power distribution system.
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area of science whereas in this section, base8-on windowed version. By multiplying the expression
13, 17-18], only the basic information about these(t+7/2)x*(t-7/2) in Eq. (3) with the chosen time
techniques is presented. Generally speaking, thveindowh(z), PWVD is defined [9].
Fourier transform gives a good insight into theFurther on, HHT represents one of the commonly
frequency spectrum of stationary signals, but otharsed techniques for the analysis of non-linear and
techniques need to be used in the context of fqdinnon-stationary signals. HHT consists of two parts:
out which frequencies occur in certain timeempirical mode decomposition (EMD) and the
intervals in non-stationary signals. The drawbaick oHilbert spectral analysis. By means of empirical
the Fourier transform is partly solved by the uge osignal decomposition, the signal is decomposed into
STFT, i.e. by the multiplication of the signal with intrinsic mode functions (IMF) which by definition
the small window moving in time, which enableshave the following characteristics:
the analysis of non-stationary  signals.(i) On the whole length of the signal, the numbier o
Mathematically, STFT can be defined as [17]: extremes and null points of the function must be
equal to or differ by one;
_ AR % 2 i (ii) In every point, the mean value of the envelope
STFT=(t.v;h) _L» X(uh* (u=te™"du(1) defined by the local maximums and minimums is
equal to zero.
where:x(u) is a signalh(t) is a short time analysis The functions defined in this way are suitable for
window andv is the frequency. further analysis by using the Hilbert transformatio
On the other hand, CWT was developed partly ifcvery IMF represents a simple harmonic function
order to overcome the resolution problem of STFTwhose amplitude and frequency can also be the
In comparison to STFT, the most importantfunctions of time. The details on the whole
characteristic and key difference is in the width oalgorithm can be found in [8, 10, 13, 16].
the time window which adapts to the chosen
frequency in a way that higher frequencies ar§ Results and discussion
identified with a narrower time window, while the
lower frequencies are better identified with a widen this section, the results of analysing signals i
time window. Mathematically, CWT is defined as: Fig.1 by using four selected time-frequency
techniques for signal analyses (for all three pélase
I ) r—t are shown in Fig. 2-5. Based on [17], for STFT and
CWT(t.a) _ﬁj—w (@) (T)dr (2) PWVD, we selected the Hamming window of N/4
samples length, where N is the length of signads. F
the CWT approach, the Morlet wavelet function is
selected for all the signals represented [17]. i&n t
other hand, based on [18], we used the proposed
procedure for the EMD and HHT time-frequency-
energy representation. Signals are decomposed into
WVD(t,V) = J'w X(t +£)x* (t —z)e‘zi”'”dr (3)  three IMFs, where the first IMF usually represemts
- 2 2 high frequency component of signals or time series.
As noted in the previous section, the base frequenc
where:x(t) is a signalt is a chosen time instant and of the monitored power system is 50 Hz, and this
v is the frequency variable. The WVD providesfrequency is identified as a base or dominant gne b
decomposition of the signal energy in the timeall the used techniques for all three phases. For a
frequency plane [8]. Also, the aim of the WVD is tothe time-frequency representations shown from
obtain a signal representation, whose form shows g, 2-5, the occurrence of the disturbance isrbjea
sharp ridge describing the signals instantaneouygentified in all three phases, i.e. for the time
frequency (IF) law of the signal over the time-intervals 0.06 s up to 0.1s and 0.18 s up to 6,23
frequency plang9, 14]. The modification of WVD  there are evident changes in values of the frequenc
is pseudo WVD (PWVD), which for the reason ofduring these disturbances. In comparison to other

not knowing the produck(t+:/2)x*(t-/2) in the approaches, clear identification of disturbances in
interval from o to +oo, replaces that product by its time is generally one of the

wherea is the scale ang(t) is the mother wavelet
[17]. On the other hand, following [17], WVD can
be defined as:
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Figure 2. The time-frequency representation ofigure 3. The time-frequency representation of

signals (L1, L2, L3) from Fig. 1 using signals (L1, L2, L3) from Fig. 1 using
STFT. CWT.
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Figure 4. The time-frequency representation ofigure 5. The time-frequency representation of
signals (L1, L2, L3) from Fig. 1 using signals (L1, L2, L3) from Fig. 1 using
PWVD. HHT.
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advantages of the applied
techniques for signal analyses.

time-frequencydistribution system, indicating that the applicatio
of these techniques in the analysis of available

Apart from the changes in the base frequency, whesignals could provide useful information to the
using the STFT, PWVD and CWT approachescompetent staff.

other components were not identified and Fig. 2,

Fig. 3, and Fig. 4 are thus zoomed up to 0.15 kHz dReferences

150 Hz. Changes in the window characteristics will
lead to the changes in the resolutions angi]
consequently, the shorter duration of time window
gives better time resolution and poorer frequency
resolution, while the longer duration of windows
gives better frequency resolution and poorer time
resolution. By changing the characteristics o0f2]
windows for the STFT and PWVD approaches, only
the changes in the resolution were identified
whereas other higher frequency components were
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4 Conclusion
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