
Phase determination of partial discharge source in three-phase 
transmission lines using discrete wavelet transform and probabilistic 
neural networks 

Ming-Shou Su a,⇑, Jiann-Fuh Chen b, Yu-Hsun Lin c

a Department of Electrical Engineering, National Hsin Hua Industrial Vocational High School, Tainan, Taiwan, ROC 
b Department of Electrical Engineering, National Cheng Kung University, Tainan, Taiwan, ROC 
c Department of Electrical Engineering, National Penghu University of Science and Technology, Penghu, Taiwan, ROC 

a r t i c l e i n f o

Article history:
Received 28 November 2011 
Received in revised form 23 February 2013 
Accepted 2 March 2013 
Available online 26 March 2013 

Keywords:
Partial discharge 
Three-phase
High frequency current transformer 
Discrete wavelet transform 
Probabilistic neural networks 

a b s t r a c t

This paper proposes an approach to determining the phase where partial discharge s (PDs) occur in 
three-phase trans mission lines with discrete wavel et transform (DWT) and probabilistic neural net- 
works (PNNs) using the high frequency current transformer (HFCT). For accurat ely determine the PD 
source, the peak absolute value and average power of PD signal are used in the proposed method.
The accurate ratios of the PD occurrence prediction using conventional observations of PD signals via 
oscilloscopes are improved by the proposed method. The standard PD pulse calibrator is installed 
and PD signals are individually injected into the power cable in each phase of three phase transmission 
lines. The electricity signal is simultaneously detected on the grounding line by the HFCTs. Further- 
more, noises of measured signals are filtered by DWT for which a suitable mother function should 
be chosen. According to Kirchhoff’s circuit law (KCL) and the concept of power delivery, the peak abso- 
lute value and average power of PD signal are applied as input of the PNN. Finally, experimental results 
validate that the proposed approach can precisely determine the phase location of PD sources in the 
field.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction 

The presence of the partial discharges (PDs) is one of the most 
prominent indicators of defects and ongoing degradation process 
of electrical insulation systems. Since PD process is started before 
severe damages, it is possible to issue necessar y warnings by PD 
measureme nt and analysis. Not only the measureme nt tools and 
detectors should be selected carefully, but also two important 
procedures, detection of PD signals and determination of source 
location of PD signals should be employed during the measure- 
ment process. Detection of PD signals involves identification
and classification of PD signals, which focuses on recognition 
and discriminati on of different types of PD, such as corona, sur- 
face discharge, external discharge, and noise. Methods for identi- 
fication of PD include (w–q–n) [1–4], neural network [5], fuzzy 
classification [6], neuron-fuzzy network [7] and support vector 
machine (SVM) [8,9], and the rise time of PD signals [10,11].
Tracking of source location of PD signals involves feature 
extraction using arrival time method and estimation of the power 

spectral density (PSD) [12–16]. Recent related works, in order to 
identify phase determinati on of PD source, the methods have 
simultaneou s detection in the three-phase power cable [17],
and polarity and magnitud e of PD are measured signals for a de- 
fect attached on different positions in three-ph ase construction 
[18]. The simulation of PD propagation phenomenon is used in 
three-ph ase power cable [19]. Moreove r, since the PNN classifica-
tion method is adopted to discriminate the type of PD [20] and
the feature extraction method is widely employed to locate the 
PD source [5–9]. The expert systems of fuzzy neural network also 
are applied to the failure diagnosis of power equipme nts [21,22].
This paper proposes an approach that combines the PNN classifi-
cation method and the feature extractio n method. According to 
the concept of power delivery, both the peak absolute value 
and the average power of PD signals are adopted as input vari- 
ables of PNN. The proposed approach would precisely determine 
the phase location of PD sources, and the accurate ratios of PD 
occurrence prediction using the conventional observations of PD 
signals via oscillosco pes are improved by the proposed method.
Furthermore, when different commercial instruments in three- 
phase transmission system yield different measure ments results,
this paper provides an alternativ e method to verify their 
measure ments.
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2. Experimental setup and data acquisition 

2.1. Experimenta l setup 

Th is pa pe r ad opt s th e 8- m po we r ca ble of 25 -k V vo lt ag e gr ad e and 
cr oss-l in ke d po ly et hy le ne (XL PE) for PD si gn al me asu re me nt in the 
th re e- ph as e tr ans mi ssio n li ne s. The cal ib ra ted pu ls e ge ne ra to r ap- 
pl ie d to th e off-l in e PD te st in g me tho d [2 3] . A st an da rd PD pu ls e (LDI C
LD C-5 PD Ca li br ato r, in accord an ce to IEC 60 27 0 [2 4] ) is in st al le d in 
th e le ft si de of Ph as e A, Pha se B an d Ph ase C, re sp ect iv el y [1 9,2 5–
27 ]. Th e el ec tr ic al si gn als ar e si mu lt ane ou sl y me as ur ed on the 
gr oun di ng li ne by the HF CT, as sh ow n in Fi g. 1. Th e pe ri odo gr am 
me tho d is emp lo ye d to est im at e the po wer sp ect ra l de nsi ty (PS D)
fo r the PD si gna ls [1 6] , an d the av er ag e po we r of th e PS D ca n be ca l- 
cu la te d by th e re ct an gl e ap pr ox im at io n in te gra l me th od [2 8] . The 
wa ve fo rm an d PS D of de tec te d si gn al s ar e sh ow n in Fi gs . 2a–c an d
3a–c, re sp ect iv el y. The pe ak ab so lu te val ue s an d av er ag e po we rs of 
th e PD si gn als ar e in di ca ted in Fi gs. 2d and 3d, re sp ec ti ve ly . To fac il i- 
ta te th e ob se rv at io n, th e si gn al va lu es we re no rm ali zed . Bo th the pe ak 
ab so lu te va lu e an d th e ave ra ge po wer of th e si gna l in th e ph as e wh ere 
PD oc cu rs are th e hi ghe st amo ng th e th re e ph as es .

2.2. Discrete wavelet transform 

Si nce th e DW T pr es erv es th e ti me -d oma in cha ra ct er is ti cs , it is 
wi de ly ap pl ie d in tr ans ie nt and pe ri odi c si gn al s. DW T whi ch in clu de s
bo th de com po si ti on and re co nst ru cti on is cur re ntl y us ed in si gn al de -
no is in g [2 9–35]. The de com po si ti on of DW T in vo lv es ma ny lo ga ri th- 
mi c filte r tre es , ea ch of whi ch com pr is es a pa ir of lo w-p ass filter (LF)
an d hig h- pa ss filte r (HF), as sh own in Fi g. 4. Whe n an ori gi na l si gn al is 
de com po se d us in g th e DW T, the si gn al is fe d th ro ug h the LF and the 
HF usi ng a do wn -s amp li ng al go ri th m. As sh ow n in Tab le 1, the co m- 
po nen t of th e LF an d HF is kn ow n as ap pr ox im at io n and de tai l, re sp ec- 
ti vel y. Ea ch de com po si ti on le ve l el im in at es th e or ig in al si gna l le ng th
to ha lf of the da ta in th e pr ev io us le ve l. Ac co rd in g to th e pr ope rt ie s of
th e DW T filter ba nk , th e fr eq ue nc y ban d for an ap pr ox im at io n and a
de tai l is gi ve n by (1) an d (2), re sp ec tiv el y.

CaL ¼ 0;
fs

2Lþ1

� �
; ð1Þ

CdL ¼
fs

2Lþ1 ;
fs

2L

� �
; ð2Þ

where L is the desired decompos ition level.
Fr om (1) and (2), th e co rres po nd in g DW T de com po si ti on ban d- 

wi dt hs can be li st ed in Ta bl e 1. Th e sa mp li ng fre qu en cy is 100 MHz .
Th e re con st ru ct io n pr oc es s in vo lv es ta ki ng the in for ma tio n ob ta in ed 
fr om on e or mo re de co mp os it io n le ve ls and re tur ni ng the si gna l
re pr es ent ati on to th e ti me do ma in . The ma xi mu m nu mb er of le ve ls 
wi th wh ic h a si gn al can be de com po se d is de ter mi ne d by 

Jmax ¼ fixðlog2ðn=nw � 1ÞÞ; ð3Þ

where n is the length of the signal, and nw is the length of the 
decomp osition filter associated with the chosen mother wavelet.

The original signal can be perfectly reconstructed through an 
up-samp ling algorithm, known as the inverse discrete wavelet 
decompo sition (IDWT) shown in Fig. 4.

2.2.1. Optimal wavelet selection 
The optimal wavelet mother function is selected by the PD signal 

shape, which is detected from HFCT. The correlation coefficient is 
employed to select appropriate wavelet for PD plus de-noising. In 
addition to the Daubechies wavelets (db2, db3, db4, db5, db6, db7,
db8, db9, db10, and db11), including the Symlets wavelets (sym2,
sym3, sym4 and sym5) and the Coiflets wavelets (coif2, coif3 and 
coif4), the optimal wavelet can be determined using the correlation 
coefficients according to the knowledge of PD pulse characteristics 
obtained from the HFCT. The correlation coefficient is expressed as 

cð%Þ ¼
P
½ðX � XÞðY � YÞ�ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
ðX � XÞ2

P
ðY � YÞ2

q � 100%; ð4Þ

where X denotes the actual PD pulse signal, X is the average value of 
the PD signal, Y is the mother wavelet, and Y is the averag e value of 
the mother wavelet.

In this paper, the PD signal is detected by the HFCT, and compar- 
isons between the PD signals and the determined optimal wavelets 
are shown in Fig. 5a. In Fig. 5b, the correlation coefficient of db4 is the 
highest in the comparis ons between the wavelet mother functions 
and the PD signals; and hence, db4 is the optimal wavelet selected.

2.2.2. Automatic thresholding rule 
Wavelet de-noising methods involve either hard or soft thres- 

holding. Hard thresholding retains large coefficients and sets the 
coefficients below a certain threshold to zero as given by 

dHard
k ¼

xðtÞ; if jxðtÞj > k

0; otherwise

�
: ð5Þ

Soft thresholdi ng claims to provide a more visually pleasing 
estimation than hard thresholding, and can be employed to avoid 
the discontinuity of signals. Soft thresholding can be described by 

dSoft
k ¼

sgnðxðtÞÞðjxðtÞj � kÞ; if jxðtÞj > k

0; if jxðtÞj 6 k

�
: ð6Þ

Man y var ia nt s an d im pr ov eme nt s of th ei r th re sh ol di ng ru le s,
in cl ud in g fixe d th re sh old , mi ni mu m cr it er ia an d St ei n’s un bi as ed ri sk 
est im at e, ha d be en pr opo se d in the st ati st ic al cu rv e es tim ati on li te r- 
atu re . Th is pa pe r ado pt s th e au to ma ti c thr es hol di ng ru le , wh ic h can 
effec tiv el y su ppre ss no is e, an d the est im at io n pr oc ed ur e is ex pr es se d
in (7). On th e ri gh t-h an d si de of (7),

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
lo g2ðnjÞ

p
is us ed fo r ca lc ul at in g

the ba si c thr es hol d val ue wi th mj/0 .6 745 be in g a re sc ali ng fa cto r.

kj ¼ mj=0:6745 �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
log2ðnjÞ

q
; ð7Þ

Fig. 1. Experimental setup for PD measurement in the three-phase transmission line.
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