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Abstract — In this paper, an online monitoring method based on wavelet decomposition is proposed for the efficient localization of
power disturbance source. First, the principles of wavelet analysis are considered, including wavelet transform modulus maxima
and MALLT method. Second, the application of wavelet de-noising and modulus maxima theory is further considered for
disturbance detection. Third, the proposed method is outlined and it is based on the fact that the detailed structure of wavelet is
very sensitive to abrupt signal change. When the disturbance appears in the power net, the voltage signal changes abnormally, and
causes modulus maxima in wavelet signal. Finally, the simulation studies are carried out on several disturbance sources, including
de-noising and wavelet decomposition. The experimental results show that the wavelet based method can detect and localize the
common disturbance sources reliably and efficiently.
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I. INTRODUCTION A. Basic Theory of Wavelet Transform

The requirements on power quality has increased Definition: given function w(t) satisfies
significantly since the nineties of last century. There are two

2 . L
reasons for that: first, the network voltage and current quality y (1) € L'(R) , denote the Fourier transform is y/(t) .

is dropped due to the wide use of High-frequency switching When l;(a)) Satisfies:

devices; second, the requirement is increased due to the wide _ )

use of micro processes, who are very sensitive to power ‘l//(a))

quality. Therefore, the detection of power quality disturbance Cw =l __ldmw=<w D

becomes a very important problem. The disturbance sources
may be categorized into following types: sudden voltage

drop, sudden voltage increase, temporal interrupt, pulse, and w(t) is the mother wavelet, after scaling or translation

oscillation. w (1) we can get a serial of wavelets:
In reference [2], the wavelet transform is introduced to 1 t—b
the detection of power quality disturbance. However the W, () =—F—=w(—) )
localization of time is not accurate. In reference [3], the & \/a a
temporal voltage drop is discussed, and other disturbance
sources are not studied. In reference [4], the detection where a,be R;a =0
algorithm cannot handle environment noise, and the The continuous wavelet transform of
lution d ignificantly due to the noise in volt .
g&ie;zalll' ton drops signtficantly cue o the noise in VOTAge 4 nction f(t)e *(R) can be represented as:
In this paper, we apply wavelet transform to analyze the [~ —
disturbance. First, we perform multi-layer wavelet (\Nw ) = _Lo f(t)l//a,b (t)dt 3)
decomposition and extract the high frequency structure. Wavelet refers to the small region, limited length and

Secopd, 'wh§n 'the signa} changgs abruptly, we pqrform zero mean waveform. It has the character of waveform and it
localization in time domain according to the maxima in the  may decrease along time. In above equation, a is the scale

detailed structure of wavelet signal. factor, related to frequency. And b is the translation factor,
II. WAVELET DECOMPOSITION related to time t.
. . . S
Wavelet transform was invented in last century, in data :
processing. It has a obvious advantage against the Fourier I 1
transform who is only suitable for stationary signal. Al DI
Compared with the traditional method, the wavelet transform |—|—|
can be used to analyze the temporal structure of signals. A2 D2
Therefore it is considered as a microscope to observe |—[ﬁ
specific frequency and time period. A3 | D3

Figure 1. A depiction of wavelet decomposition
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B. Multi-Resolution Analysis and MALLT Method
Suppose the approximate value of energy bounded signal
f under resolution 27 is H i f . H i f can be further

decomposed as H i f under resolution 2" and D i f

who is the sum of detailed signal between resolution 21
and 27 Decomposition may last like this so on and so forth.

We can get the coefficient {hk} and {gk} in the double
scaling equation based on inner product:

hm—Zn = \/§<¢j—1¢j,m> gm—2n
= \/§<¢j—1,n¢j,m> @

For the following component,

H,  f(x)= iakj_](p(Zj_l x—K)
D, f(s)= > d/'p(2"'x~k) )
H f()=> alp;, (X)

The signal de-composition and re-composition are equal
to searching for the relation among ak’ , ak“l and dkj_1 .
The coefficients may be represented as:

-1 _ i
a = Z he 18

kez

dlj_l = Z (_1)kh1—k+2I akj

kez

(6)

The coefficient of re-composition may be represented as:

3/ = Z h @)™+ z (=D*h e d/” (7

lez lez

C. Wavelet Modulus Maxima and Signal Singularity

Under certain scale, if there exist a point (8,,0,) , for
any point b within certain neighborhood, we have:

WT, (a,,b)| <WT, (a,.b,)| ®)

|\NTX (ao,b0)| is the modulus maxima of wavelet

coefficients.

Generally, the singularity of signal is an important
character and the singularity point is depends on the modulus
maxima. We use Lipschitz index to verify this theory.
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Suppose X(t) € L*(R) , x(t) EL. Function X(t) has
Lipschitz index ¢ at t. For any t € Bt exist constant K

that satisfies |X('[)— X, ('[)| < k|t—t0|a . We can see that

when @ increase, the function becomes more smooth.

The singularity of the original signal may be reflected by
the modulus maxima of wavelet transform coefficients.
Therefore, we may use this character to detect the power
quality disturbance and localize the disturbance in time
domain.

1. DETECTION AND LOCALIZATION OF POWER
DISTURBANCE

A. Signal Denoising Based on Wavelet Transform

The signals collected from real world application contain
noise, and we need to preprocess the signals using denoising
algorithm. The threshold method based on wavelet is a good
denoising algorithm. It may preserve many important
characters of the signal. It can be implemented in the
following steps:

(1) choose the correct wavelet base, and perform multi-
resolution decomposition of the noisy power signal.

(2) Perform threshold quantification on high frequency
coefficients of wavelet decomposition according to certain
rules.

(3) Perform one-dimension wavelet re-composition on
low level coefficients from Step2)

B. Power Disturbance with Modulus Maxima

In this paper we mainly focus on the study of disturbance
detection based on the high frequency coefficient of wavelet
transform. The basic wave is the 50Hz frequency, and the
coefficients of discrete wavelet transform is related to the
smoothing contour of voltage change. The signal volume can
be achieved. When the coefficients of high frequency change
abruptly, we can calculate the signal changing time based on
the modulus maxima.

Suitable decomposition layer and wavelet transform may
improve the accuracy of detection and localization. The
sudden changes and singularity in signals need to be
captured in disturbance detection. After a few comparison,
we choose db4 wavelet to implement the detection of power
disturbance and the specific scale signal can be captured.
When determining the decomposition layers, we consider the
location of fundamental frequency. We locate the
fundamental frequency at the center of each sub-band in
order to reduce the influences on other sub-bands. We may
adopt the following calculation:

f
b

We use frequency fs=3200Hz , for all the rest

simulations. The decomposition layer is 5, and d1 and d2 are
sensitive to disturbance according to our observations.
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IV. SIMULATION AND EXPERIMENTAL RESULTS

Based on the characters of different disturbance, we
simulate the voltage signal in MATLAB and verify the
proposed method. Finally, we analyzed the actual signals in
experiment.

A. Simulation Results and Analysis

We simulate several types of power disturbance,
including: sudden voltage increase, sudden voltage decrease,
interrupt of power, pulse signal and transient voltage
oscillation. The results are shown as follows, the frequency
of voltage signal is 50Hz, and sampling rate is 3200Hz.
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Figure 2. Wavelet decomposition of sudden voltage increase
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Figure 3. Wavelet decomposition of sudden voltage decrease
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Figure 4. Wavelet decomposition of sudden voltage interrupt
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Figure 5.Wavelet decomposition of voltage pulse
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Figure 6. Wavelet decomposition of transient voltage oscillation

Through Fig.2 to Fig.6, we show the wavelet
decomposition results of sudden voltage increase, sudden
voltage decrease, interrupt of power, pulse signal and
transient voltage oscillation. x is the original signal, al is the
low frequency signal of the first layer decomposition, d1 is
the high frequency signal o the second layer decomposition.
We can see that, the start time and the end time are well
detected according to the first and the second layer wavelet
decomposition, except for transient voltage oscillation. The
end time of transient voltage oscillation is not well localized
by the second layer decomposed signal. Take the sudden
voltage increase as an example, we add disturbance to
signals at 0.1s, and the duration is 0.1s. We can see that, in
the first layer of the signal, the modulus maxima happens
twice, once between point 320 and point 330 (between 0.1s
and 0.103s), and the other between point 640 and point 650
(between 0.2s and 0.203s). This result is the same as
calculation. Therefore the modulus maxima based on
wavelet transform can detect and locate disturbance
accurately.

B. Experimental Analysis

To verify the proposed method, we use the city power
supply for experiment. The sampling frequency is 5000Hz,
and the disturbance source is added at specific time duration.
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We add sudden voltage increase, sudden voltage
decrease, and voltage interrupt at 0.1s, 0.2s, and 0.4s. The
duration is 0.05s, 0.1s, and 0.05s respectively.
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Figure 7.Analysis result of voltage increase, decrease and interrupt.

In Fig.7, we demonstrate the original voltage signal, the
voltage signal after denoising, the first layer decomposition
signal, and the second layer decomposition signal. The
maxima in the first two layers match the start point and the
end point of disturbance. The proposed method is effective
on the detection of three types of disturbance sources.

The pulse voltage and oscillation is added at 0.2s and
0.3s in experiment. As shown in Fig. 8, The detection result
is the same as the disturbance source. The proposed
disturbance source detection method is verified.
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Figure 8. Result of voltage pulse and oscillation analysis

V. CONCLUSION

In this paper we analyzed the wavelet high frequency
coefficient for the power disturbance detection. Based on the
theoretical study, we simulated the power disturbance
including: sudden voltage drop, sudden voltage increase,
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temporal interrupt, pulse, and oscillation. The experimental
results show that the proposed method can provide an
accurate detection and localization. Voltage signal is
analyzed in this method and it may innovate future online
application of power quality monitoring.
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