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Abstract—In order to overcome the discontinuance of the
hard thresholding function and thedefect of serioudy
dashing singularity in the soft thresholding function,
improve  the denoising effect anddetect the
transformer partial discharge signal more accurately, in this
paper an improved wavelet threshold denoising method is
put forward through analyzing the interference noise of
transformer partial discharge signals and studying various
wavelet threshold denoising method, especially the wavelet
threshold denoisng method that overcomes the
shortcomings of the hard and soft threshold. Simulation
results show that the denocising effect of this method has
been greatly improved than the traditional hard and soft
threshold method. This method can be widely used in
practical transformer partial discharge signal denoising.

Index Terms—transformer, partial discharge, wavelet
threshold denoising, threshold

1. INTRODUCTION

The monitoring of transformer partial discharge signal
is an important technical measure to ensure the reliability
of power supply, but the signal extracted in equipment
operation site contains a lot of interference noise, which
seriously affects the detection sensitivity and reliability
and even leads to judgment mistakes of the inspectors.
Therefore how to effectively eliminate the interference
noise interference has become the key issue of partial
discharge signal detection.

Partial Discharge is a kind of discharge phenomenon
for some insulation weak links in large electrical
equipments, which takes place under the role of local
high electric field [1]. Partial discharge has two damaging
effects for the insulation medium: one effect is due to the
discharge points’ bombarding the insulation medium
directly, which makes the local insulation medium be
destroyed and gradually expanded, and finally leads to
insulation breakdown. Another effect is chemical
reactions of heat, ozone, nitrogen oxides and other
reactive gases produced by discharge, which make the
partial insulation medium be eroded and the dielectric
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loss increase, and finally lead to insulation breakdown.
Whichever kind of effects will bring tremendous damages
and losses, so it is important for us to do well the
detection of partial discharge signal in order to avoid such
damage as possible. The monitoring of transformer
partial discharge signal is an important technical measure
to ensure the reliability of power supply, but the signal
extracted in equipment operation site contains a lot of
interference noise, which seriously affects the detection
sensitivity and reliability, and even leads to judgment
mistakes of the inspectors.

On the base of learning the large number of domestic
and foreign related information, we understand that the
main transformer partial discharge signal denoising
methods include frequency domain denoising method and
time domain denoising method.

Frequency domain denoising methods:

(1) FFT threshold filter method

FFT threshold filter method is mainly used to remove
periodic narrowband interference. In this method, we
make the FFT transform for the signal firstly, then we can
get the signal spectral distribution, finally we can easily
remove narrowband interference through setting a
threshold on the signal spectrum, and make all values
greater than the threshold equal zero. The disadvantages
of this method are that the selection of threshold is very
difficult especially under field conditions. Because the
interference signal changes with time, it is more difficult
to determine the threshold that affects the filtering results.
In addition, the advantages of this method are that it is
simple and easy to be implemented [2].

(2) Finite impulse ring(FIR)filter method

The frequency range of finite impulse ring filter needs
to be determined in advance according to the scenes. This
method can remove not only the cycle narrow-band
interference, but also the part of the White Noise. The
advantages of this method are good stability and better
denoising effect for the Narrowband Interference.
Because it requires higher order of the FIR filter in the
applications, the computation time is too long and the
frequency range needs to be determined in advance. This
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method is only applied to specific site conditions, and the
denoising ability is limited. In a word, it is difficult for us
to achieve the desired effect.

(3) Infinite impulse response (IIR) filter method

The method has high rejection ratio for periodic
interference signal and requires less processing time, it
can well suppress the periodic interference signal in the
case of PD pulses that produce the minimum distortion,
and it applies to all of the oscillation and non-oscillation
pulses with different widths, so we can foresee that the
applications of cascaded second-order notch IIR filter in
online detection of partial discharge signal can receive
very good results [3]. However, the method has some
disadvantages in practical applications, for example, the
stability is poor, interference frequency is difficult to be
determined, and computation time is too long.

Time domain denoising methods:

(1) Kalman filter method

Kalman filter is a modern filter which adopts the
information provided by the observational data in the
course of the recursive filter to improve the precision of
the filter and reduce the state estimation error by the
online estimation model parameters of filter itself and
noise statistics [4]. It is mainly used to remove periodic
narrowband interference. The main drawbacks are that
the energy loss of PD signal after the filter is larger, the
waveform distortion is serious, and the computation time
is long. So this method is less to be used.

(2) Adaptive filtering method

The method can automatically adjust the filter
coefficients according to the change of the signal
characteristics; currently the minimum mean square
adaptive algorithm is more adopted. The advantages of
this method are that it is unnecessary to know the
frequency of the periodic disturbance in advance, and it
has a good effect for the suppression of periodic
interference [5]. The drawbacks are that the convergence
is poor, it is very easy to divergence, and the filtering
effect is unstable especially when a variety of
interference frequencies appear in the signal at the same
time.

In theory, these methods mostly belong to the time
domain or frequency domain analysis, which is not a
good  combination of  signal time-frequency
characteristics to be analyzed. Withthe rapid
development of wavelet theory, the wavelet analysis has
the advantage of time-frequency analysis, and it has
been more and more widely applied in denoising of
partial discharge signals. There have been many new
methods used in partial discharge signal denoising
processing, and good effects have been showed, but the
existing wavelet threshold denoising method has some
drawbacks. On the base of learning the large number of
domestic and foreign-related information, analyzing the
partial discharge signals and various interference signals,
and studying various partial discharge wavelet denoising
method in detail, this paper puts forward an improved
wavelet threshold denoising method based on existing
methods.
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II. THE PARTIAL DISCHARGE SIGNAL INTERFERENCE
NOISE ANALYSIS

In partial discharge signal monitoring process, there
are three kinds of main interference noise.

(1) Continuously periodic interference. Continuous
periodic interference includes the interference caused by
electric power systems carrier communication and the
protection of high frequency signal, and radio
interference, electric power system harmonic interference
and power electronic conversion devices generated
interference. Under the general situation continuous
periodic interference is the result of the comprehensive
effect of the above interferences. Each continuously
periodic interference of the time domain waveform has
the fixed harmonic frequency and the bandwidth, some of
them have high frequency, and the others have lower
frequency. The signal of periodic interference in on-line
PD monitoring system is one of the important
interference sources that exist in the course of monitoring,
and the energy of which is very powerful. In frequency
domain waveform we can see that the interference
includes some isolated spectral lines, and each line
corresponds to a frequency component, which is called
the narrow band interference [6].

(2) White noise interference. White noise includes all
kinds of random noises, such as transformer winding
thermal noise, the grounding grid noise, and the various
noises caused by the coupling of the power distribution
lines, transformers relay protection signal lines, and the
electronic components scattered grain of noise from
partial discharge measurement system [7]. White noise
spectrum in the whole frequency range is of values and
has similar characteristics of time domain and frequency
domain to the partial discharge signals. In practical
applications if the spectrum of noises has the
continuously flat characteristics in wide band of
frequency, then it can be considered a white noise.

(3) Pulse interference. Pulse interference signal
includes power lines or high voltage corona discharge,
the interference caused by the division of the power
switch and the thyristor rectifier equipment, and the
interference caused by other testing equipment discharge
in power system, and the interference caused by the test
lines or adjacent lines badly connect to the ground, and
the interference caused by the discharge of floating
objects in other device, and the other random interference
[8].

These interferences have many types and occur
randomly, some of which are very similar to partial
discharge signals.The signal mixed by the interference
and partial discharge signals is relatively complex. So
how to eliminate noise interference is very difficult. With
development of modern digital processing technology
and the theory of wavelet, partial discharge signals
denoising method is more and more incline to software
method which is the digital processing for collected
signal. At the same time, people try to combine the
hardware and software processing to maximize the
suppression and ecliminate noise interference, and get



58

partial discharge information, which forms a set of
complete denoising systems.

III. AN IMPROVED METHOD FOR WAVELET
THRESHOLDING SIGNAL DENOISING

A. Existing Wavelet Denoising Methods

Due to the rapid development of wavelet theory, the
wavelet analysis in denoising of partial discharge signals
is increasingly used, at the same time a variety of wavelet
denoising method appeared.

(1)Wavelet  decomposition  and
denoising method

In 1988, Mallet put forward the concept of multi
resolution analysis and gave the wavelet decomposition
and reconstruction algorithm (Mallet algorithm) [9].

reconstruction

Supposing fk is the discrete sampling data of the
signal f(t) and fk =Cyy > then the orthogonal wavelet

decomposition formula of f(t) can be expressed as

Cj,k = ch—l’”hn_zk
n

(k=0,1.2,..N-1) (1)
dj,k = Zdjil,ngn—Zk

Where C;  is the coefficient of the scale, d j k is the

wavelet coefficient, N and Q is a pair of quadrature
mirror filter banks (QMF), and | is the decomposition

level, N is the discrete sampling points.

Wavelet reconstruction is the inverse operation process
of  wavelet decomposition, the corresponding
reconstruction formula can be expressed as

Cj—],n = ch,nhK—Zn +zdj,ngk—2n (2)

The process to use wavelet decomposition and
reconstruction for denoising can be divided into the
following three steps:

(1) Signal decomposition: The wavelet function is
chosen, and the number of the layers N of the wavelet
decomposition is determined [10]. Then the signal is
decomposed by N Ilayers wavelet (wavelet packet)
transforms.

(2) Threshold value: A threshold is selected for the
coefficients of every layer, and the detail coefficient soft
threshold is dealt. The key problems are how to select the
thresholds and how to quantify the thresholds. There are
a variety of rules and methods to solve these problems.

(3) Signal reconstruction: The original signal is
restored by processed wavelet coefficients based on
wavelet (wavelet packet) reconstruction.

There are mainly four forms, as following, for the
threshold selection ways of wavelet threshold denoising
method [11].

The method is mainly applied in the deterministic
noise situation under which the useful signal and noise
frequency bands are separated from each other, and it can
remove noise basically and denoising effect is very good.
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But for the useful signal and noise band overlapping
condition, the effect is not very ideal. The advantages of
this method are that the algorithm is simple and the
calculated speed is fast. The disadvantage is that the
scope of application is not very extensive, especially
white noise denoising and the denoising effect is poor.

(2) Wavelet threshold denoising method

In Stanford University an academic group led by
Donoho proposed wavelet threshold denoising method
that is most widely used in current engineering method.
In 3.2, the method would be introduced in detail.

(3) The translation invariant wavelet denoising method

Translation invariant wavelet denoising method is an
improved method put forward on the basis of the
threshold method and improvements. In the threshold
denoising, when the signal has a mutation in the
discontinuous point or when the signal has the low SNR,
Pseudo Gibbs Phenomenon will appear in wavelet
transform  denoising, namely the signals near
discontinuous point will jump up and down at a specific
target level. Therefore, the method does not adopt a
single translation but usually adopts N cycles of
translation to denoise the translated signals by
thresholding method, and then takes the average values of
the denoised results, which is known as "the translation-
denoising-average" of the translation invariant wavelet
denoising method that it is used in the case that signal
contains several discontinuous points [12].

For example, the signal which contains noise can be
transformed by Haar wavelet. When the singular point is
located in the N/2 position, Pseudo-Gibbs Phenomenon
almost does not appear in the transform results, whereas
in other locations such as N/3, the significant Pseudo-
Gibbs Phenomenon will appear in the results. The
singular point which not located originally in the N/2
position is translated to the N/2 position by the advance
translation, which can restrain the Pseudo-Gibbs
Phenomenon. Then the order of the original signal is
restored by the reverse translation to achieve the purpose.

Translation invariant method has the advantage of
being able to remove the Pseudo Gibbs Phenomenon of
thresholding denoising and the denoising effect is good.
Its shortcoming is the calculation at a slower speed [13].

(4) Denoising method based on modulus maxima

In 1992, Mallat and others proposed the representation
of signal and image multi-scale edges based on signal
singularity by using Lipschitz index in multiple scales to
describe the signal and the mathematical feature of image
noise, and then proposed the filtering method of modulus
maxima reconstruction [14]. Partial discharge signal is
the singular signal and the modulus maxima increases
with scale, and it has a positive Lipschitz exponent. The
modulus maxima of the noise decreases with increasing
scale, and it has negative Lipschitz exponent, the
modulus maxima in the wavelet transform has the
different change trend .

The principle is as following: the singularity of the
signal is a signal catastrophe point, Lipschitz index is a
measure which expresses the characteristics of local
signal singularity, which is defined as: if N and
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N<a<n+l are positive integer, and if there exists a
positive integer A> 0 and the polynomial p,(X) , which
makes

[T (%)= p,(x=%)| < Alx—x]|" 3)

where X€ (X, —J,X, +J), then it is called that f (X)

is Lipschitz ¢ at the X, point.

The Lipschitz index of the function at a point expresses
the size of point singularity [15]. The larger & is, the
higher smooth the point has, and the smaller & is, the
larger singularity the point has. If the function is
derivable at a point then its Lipschitz index
satisfies ¢ 2 1; if the function is discontinuous at a point
but its value is limited then its Lipschitz index satisfies
0<a<1. For the general signal & >0 ; The & of pulse

signal is @ =—1 ; The & of white noise satisfies
1
o< O(a:—z—s,s >0).

In the scale of S, if VX€ O, there is
IWE (s, ) ]WE (s, %) | 4)

Then X, is called the local modulus maxima in the
scale of S of the wavelet transformation. The Lipschitz
index of signal f(X) and the modulus maximum value
of wavelet transform are satisfied with

log, |W,, f (t)| < log, k+ jo (5)

Because of the Lipschitz index of partial discharge
signal is ¢ >0 , the modulus maximum of wavelet

transform will increase with the increasing of the scale | ,

but the Lipschitz index of white noise signal isx <0 and
its modulus maximum will decrease with the increasing
of the scale | . After many times of wavelet transform,

the modulus maxima of white noise has been removed
basically or its amplitude is very small, and the remainder
of extreme points are mainly useful signal extreme point
[16]. Then the retained modulus maxima points are
reconstructed by the alternating projection method.
Finally it can achieve the purpose of denoising.

B. Comparison of Denoising Indicator

Signal denoising effect can be described by the signal
to noise ratio (SNR) and root mean square error (RMSE).
SNR can be defined as
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N

2Ifof

>0~ )

where f(t) is the original signal, f(t) is the denoised

signal, N is the length of the signal.
The RMSE between original signal and the estimated
signal can be defined as

N 2

1
RMSE = \/ﬁz

i=1

£y f(0) 7

If the SNR of the signal is higher, and the RMSE
between original signal and estimated signal is smaller,
then the estimated signal is more close to the original
signal and the denoising effect is better. TABLE I lists
the contrast of SNR and RMSE of 4 kinds of denoising
methods [17].

C. Comparison of Denoising Comprehensive
Performance

We derive Table II by studying the wavelet denoising
methods and analyzing the wavelet denoising indicators.

It can be seen from Table II, a variety of wavelet
threshold denoising methods aim at different noise, the
speed and effect of denoising are different, each method
has its own advantages and disadvantages, and the
wavelet threshold method in comprehensive performance
is more prominent. When selecting the denoising method,
we need to combine specific denoising environment with
the requirement of denoising and the denoising method
features to achieve better denoising effect. The
combination of wavelet denoising methods with other
methods may achieve better denoising effect.

D. An Improved Method for Wavelet Thresholding Signal
Denoising

After the study of various wavelet denoising methods,
this paper proposes an improved wavelet threshold
denoising method that is based on the original wavelet
threshold denoising methods, and adopts the application
of the comprehensive theory to improve the original
wavelet threshold denoising methods.

In wavelet threshold denoising method, suppose that a
noisy signal can be expressed as

f(t) = s(®)+n(t) ®)

TABLE 1.
THE CONTRAST OF WAVELET DENOISING INDICATOR
. Wavelet decomposition and Wavelet threshold The translation invariant Denoising method based
Indicator . . - . .
reconstruction denoising method denoising method wavelet denoising method on modulus maxima
SNR 19.137 22. 8981 2. 4462 28. 146
RMSE 4. 04 29. 2123 21. 782 1. 96
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TABLE II.
THE COMPARISON OF WAVELET DENOISING COMPREHENSIVE PERFORMANCE
Denoising method Denoising speed Denoising effect Advantage Disadvantage
Wavelet decomposition and The algorithm is simple and The scope of application is
X .. Fast Better . .
reconstruction denoising the calculation speed is fast small
The calculation speed is fast In some cases there will be a
Wavelet threshold denoising Faster Better and the denoising effect is .
g00d Pseudo Gibbs phenomenon
The translation invariant Slow Good It can effectively remove Denoising speed is slow
wavelet denoising Pseudo Gibbs Phenomenon
Based on modulus maxima Slower Good _It can .effectlv'ely. retain the Denoising speed is slower
signal singularity information

where S(t) is the original signal, n(t) is the Gaussian

white noise with variance ¢ and obeys N(0,07°) .
Wavelet threshold denoising process can be divided
into the following three steps [18]:
(1) By making discrete wavelet transform of the noisy
signal f(t), the wavelet coefficients W' can be got,

wher K is the wavelet coefficients of the j-th layer
wavelet space order;

(2) After the scales corresponding to the wavelet
coefficients have been treated by the threshold function,
we get the estimated wavelet coefficients W'* ;

(3) Using the wavelet coefficients processed by the
threshold to make inverse discrete wavelet transform to

reconstruct signals, we can get the denoised signal f (1) .

The key of the method mainly depends on the
threshold and the selection of threshold function which is
related to the denoising effect [19]. The main threshold
functions include the following three kinds:

S Wik ‘w.,k‘zﬂ.
Wik = (')’ ‘Wj’kj‘d ©)
The hard threshold function
\;Vj,k: SON(W, (W, | = D). w2 4 (10)
0, ‘Wj,k‘<ﬁ,

The soft threshold function
0, ‘Wjﬂk‘ <A

oy (w,,|-4)
Wik = S'L:Jﬂ(wj,k)ﬂ?ﬂ;iﬂ’l/ﬁil

Wy, ‘Wj!k‘ > A,

s A <‘Wj,k‘322 (1

The semi-soft threshold function

In the equation (11) A, is the upper threshold, /11 is
the under threshold.

There are mainly four forms, as following, for the
threshold selection ways of wavelet threshold denoising
method [20].

(1) Using the fixed threshold form (sqtwolog): The
threshold is got by multiplying threshold ¢ of minimum

value in maximum variance and a coefficient /log N .
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This threshold form can get an intuitively good denoising
effect in the process of soft-threshold.

(2) Soft-threshold estimation based on Stein unbiased
likelihood estimation (rigsure): The different thresholds
are chosen in different scales, and the wavelet
coefficients of corresponding scales are scaled down.
Suppose P=[p;,p,,---P,] , and p<p,<---p, , all
elements of P are a sequence array increasingly sorted by
the squares of the wavelet coefficients. The risk vector R
is defined, whose elements are

h=[N-2i—-(n-i)p +Zi: p1/N,i=12,---N (12)

The corresponding threshold that T, =0/ p, can be

obtained by subscript of @ minimum value I, of the

elements in R.

(3) Selection of the heuristic threshold: It is the
combination of sqtwolog form and rigsure form, The
chosen threshold is the best predicable variable threshold.
If the signal to noise ratio (SNR) is very small, the form
sqtwolog is use to select the threshold; if SNR is large,
rigsure form will be used.

(4) Minimum maximum variance threshold: As the
sqtwolog, it is also a fixed threshold form. It makes the
selected threshold have minimum maximum variance.
The formula is:

{O,N <32
= (13)

~10.3936+0.1829" log

The focus of wavelet threshold denoising method is the
threshold function and threshold selection methods which
directly determine the advantages and disadvantages of
this method. However, there are still some deficiencies
for this method, for example, hard threshold function
discontinuity makes the denoised signal have larger
deviation, and still contains a significant noise compared
with the original signal; Using soft threshold method, its
continuity is good, but there is constant deviation
between the estimated wavelet coefficients and the
wavelet coefficients of noisy signal , which makes the
denoised signal’s variance be too large, and when noise
signal is too irregular it appears too smooth; The semi-
soft threshold function is the eclectic form of hard
threshold function and the soft threshold function, which
retains a larger coefficient and continuity, but semi-soft
threshold function needs to determine two thresholds,
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which increases the complexity of the algorithm, and the
selection of upper threshold or under threshold would
affect the accuracy of the reconstructed signal.

Because the wavelet threshold denoising method has
the mentioned above disadvantages, it is difficult to reach
the expected effect of denoising. This paper puts forward
the improved wavelet threshold denoising method which
integrates soft threshold with hard threshold denoising
method and low pass filter method and improved the
method with the comprehensive theory. The denoising
effect of the improved wavelet threshold denoising
method is ameliorated obviously.

IV. SIMULATION RESULTS AND EVALUATION

In order to test the denoising effect of improved
wavelet threshold denoising method, this paper uses
Matlab software to carry out the simulation experiment.

Fig. 1 is a simulation of the original transformer partial
discharge signal. Fig. 2 is the simulation of the signal that
10dB Gauss white noise is added in the original signal.
Fig. 3 is the signal that is denoised by the traditional soft
threshold denoising method. Fig. 4 is the simulation of
using the improved wavelet threshold denoising method
in denoising the signal.

From the results of simulation we can see, soft
threshold denoising method and the improved wavelet
threshold denoising method can basically restored the
original partial discharge signals. Soft thresholding
denoising has good continuity but not good to retain the
original signal singular point, and the original signal can
not be recovered well, and some signals are weakened.
Improved wavelet threshold denoising method less
weaken the signal’s singularity under the premise that
ensure continuity of the signal, and denoising speed will
not change too much. Therefore, the original signal can
be restored, and the denoised signal distortion degree can
be reduced. The improved method has greatly increased
the denoising integral effect.
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V. SUMMARY

This paper introduces the transformer partial discharge
signals of denoising methods, which focuses on the
wavelet threshold denoising method studying. Then
based on analyzing the disadvantages of the wavelet
threshold denoising method an improved wavelet
threshold denoising method is proposed. Finally,
compared with the denoising results of the improved
denoising method and traditional threshold denoising
method, the result shows that the denoising result of the
improved wavelet threshold denoising method has the
better denoising effect. Compared with traditional
wavelet threshold denoising method, the method doesn’t
reduce the speed, and the denoising effect is improved
greatly, and it also has better stability. But from the
overall effect of the method it still can not achieve the
desired effect in signal denoising, and some distortions
will still appear at singular point. To explore the best
transformer partial discharge signal denoising method, to
realize the signals low distortion recovery, and to
improve the accuracy of determine partial discharge are
the next targets.

ACKNOWLEDGMENT

This paper is supported by Scientific Research Key
Project of Beijing Municipal Commission of Education
(No0.KZ201210015015  and  No0.KZ201010015013),
Institute Level Key Project Funded by Beijing Institute of
Graphic Communication (No.E-a-2012-23), Scientific
Research Common Program of Beijing Municipal
Commission of Education (KM201210015001), Nature
Science Foundation Project of Beijing City (N0.4122026),
Funding Project for Academic Human Resources
Development in Institutions of Highter Learning Under
the Jurisdiction of Beijing Municipality
(PXM2010 014223 095557).

Transformer partial discharge signal

d T T T T

(sigh)y

1 1
o 200 400 600 800

Figure 1.

|
1000
s

L L L
1200 1400 1600 1800

The transformer partial discharge signal.

The mixad-signal of tranafamor paial dischanae signal and naiso

(=gl

Figure 2. The transformer partial discharge signal and noise of mixed signal

©2013 ACADEMY PUBLISHER



62

JOURNAL OF MULTIMEDIA, VOL. &, NO. 1, FEBRUARY 2013

Soft threshold method denoising

15 | :

j | I | |

] 200 400 600 200

1000
s

1200 1400 1600 2000

Figure 3. The signal after denoised by the soft threshold denoising method

Impraved threshold method denoising

1
I I

0.5

[sig1)v

s

4 | | | |

0 200 400 500 800

1000

tfs

1200 1400 1600 1800 2000

Figure 4. The signal after denoised by the improved threshold denoising method

REFERENCES

Tan Ping, Cai Zixing, “Real time Kalman filter based on
non-decimated Haar algorithm”, Journal of Central South
University (Science and Technology), Vol. 42, No. 12, pp.
3760-3764, Dec. 2011
Mao Yizhi, Li Song, and Li Zhangqgiang, “Research on
Denoising Method of Partial Discharge Signal of
Transformer”, TRANSFORMER, Vol. 48, No. 3, pp. 47—
50,2011.
S.Mallat, W.L. Hwang, “Singularity Detection and
Processing with Wavelets,” IEEE Transactions on IT, Vol.
38, No. 2, 1992, pp. 617-643.
Qi Zefeng, Li Weiguo and Tan shuntao, “Algoithm of
Partial Discharge Signal Reconstruction Based on Modulus
Maximum Wavelet Domain”, Proceedings of the CSEE.
Vol. 22, No. 11, pp. 28-30, 2002.
Zhang Weiqiang, Xu Chen, “A Denoising Algorithm of
Wavelet Threshold Based on Translation invariance,
Modern Electronics Technique, Vol.6, 2003, pp. 29-31.
Garcia D Z G, Toledo M B F, “A Fault Tolerant Web
Service Architecture”, Sth Latin American Web Congress,
2007,pp.42-49.
Bi Weimin, “Study on Denoising Methods with Wavelet
Packet and Pattern Recognition by Statistical Features for
On-line Transformer Partial Discharge Monitoring,”
Chongqing University, 2003.
Ye Chongyuan, Huang Yongdong, “New improvement of
wavelet  threshold  denoising  algorithm.Computer
Engineering and Applications”, Computer Engineering and
Applications, Vol. 47, No. 12, 2011, pp141-145.
Peng Yuhua, “Wavelet transform and engineering
application, Science Press”, 2005.
[10] Wei Ligiang, “Research on signal denoising based on
wavelet transform,” Hunan University, Jun 2007.
[11] Tang Ju, Huang Jiang-an, Zang Xiao-xing, “Suppression of
the Periodic Narrow-band Noise With Mixed Frequencies
in Partial Discharge On-line Monitoring”, Proceedings of
the CSEE, Vol. 30, No. 13,pp. 121-127, May 2010.

9]

©2013 ACADEMY PUBLISHER

[12] Li Ya-feng, Wang Bao-bao, “New method for partial
discharge signals detection,” JOURNAL OF XIDIAN
UNIVERSITY, VO01. 37, No. 3, pp. 530-533, Jun.2010.

[13] Zhang Xiao-xing, Zhou Jun-jie and Li Nan, “Block
Theresholding Spatial Combined Denoising Metho
Suppress White noise Interference in PD Signals”, High
Voltage Engineering, Vol. 37, No. 5, pp. 1142-1148,
May.2011.

[14] Wang Yong, Zhao Shu-tao, and He Ping, “New Wavelet
Denoising Algorithm of Transformer’s Partial Discharge
Signals and Experimental Analysis”, High Voltage
Apparatus, No. 11, Vol. 47, pp. 72-76, Nov. 2011.

[15] Xu Jian, Huang Cheng-jun, and Jin Hao, “Algorithm for
extracting PD signal based on a wavelet-set,” Automation
of Electric Power Systems, Vol. 28, No. 16, pp. 36-40,
Aug. 2010.

[16] Song Ying, Li Yong-gang, “Application of CL Multi-
wavelet De noising in Partial Discharge Detection,”
Electric Power Science and Engineering, Vol. 26, No. 12,
pp- 28-32, Dec.2010.

[17] Pu Xiao-lin, Li Jing-wen, ‘“New frequency domain
adaptive filtering algorithm”, Journal of Beijing University
of Aeronautics and Astronautics, Vol. 31, No. 12, pp.
1347-1350, Dec.2005.

[18] Dun Xiao-jun, “A New Signal Denoising Method Based on
Data Property”, Systems Engineering and Electronics, Vol.
24, No. 3, 2002, pp. 36-40.

[19] Xie Dong-guang, Xue Lei, and Ren Xian-wen,
“Application of Wavelet Package Transform and
Generalized Morphological Filters to Partial Discharge
Monitoring”, Electrical Measurement & Instrumentation,
Vol. 48, No. 542, pp. 6-9, Feb.2011.

[20] Liu Shuang-bao, Tao Shan-hong, and Yu Ji-lai, “Algorithm
of Complex Wavelet Cluster for Extracting PD Signal”,
High Voltage Engineering, Vol. 33, No. 10, pp. 69-72, Oct.
2007.

Fucheng You was born in Jiangxi Province of China on
March.21, 1964. He graduated and received the Ph.D. degree
from Beijing University of Science and Technology in May
2004. His main research directions include digital image



JOURNAL OF MULTIMEDIA, VOL. 8, NO. 1, FEBRUARY 2013

processing, computer vision, pattern recognition and artificial
intelligence and so on.

He works at key disciplines in Beijing-signal and information
processing jobs in Beijing Institute of Graphic Communication
from June 2004 to the present. He is a PROFESSOR. He
currently chairs one of the Beijing Natural Science Foundation
Key Project (Class B) and is responsible for a project of sub-
topics of innovation team in Beijing.

Dr. You is a member of the Chinese Association of Artificial
Intelligence Intelligent Control and Intelligent Management
Professional Committee and he also is a member of CHINA
COMPUTER INDUSTRY ASSOCIATION.

©2013 ACADEMY PUBLISHER

63

Ying Zhang was born in Liaoning Province of China on
October.9, 1986. He graduated and received his Bachelor of
Science degree from electronic information science and
technology major in Jiangxi University of Science and
Technology in 2010. Now he is a postgraduate student of
Beijing Institute of Graphic Communication. His main research
areas are signal detection technology, information security and
digital image processing.





