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Abstract: Wavelet transform technique is a robust and versatile method to analyze non-stationary,non-periodic wide
band signal such as transient signal. Wavelet transform which is new tool for caballing both time and frequency
information simultaneously. The suitable wavelet for analysing power system transients is Daubechies(Db) wavelets.
This paper focused on transmission line faults classification using wavelet analysis. The different faults in the
transmission line (TL) are detected and classified using fault classification algorithm based on wavelet MRA(Multi
resolution technique) technique.
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. INTRODUCTION

A transmission line establishes the major part of power system. Transmission lines runs over thousands of kilometres to
supply electricity to the consumers. So large number of fault may occur in the transmission line which causes
irregularity in the power flow through the lines. Basically a fault occurs when two or more conductor comes in contact
with each other or with ground. When they exposed to atmosphere, chance of occurrence of fault in transmission line is
very high which has to be minimized immediately in order to reduce damage caused by it. The first step involved in the
power system relaying algorithm is to detect and classification of faults. The fault in the transmission line is usually
classified as line (L) to ground(G), double line to ground and three phase faults. For signal analysis,“wavelet
transform” the most effective mathematical tools used. The wavelet analysis and wavelet transform is emerged into
powerful tool for signal processing and its applications. Wavelet analysis is very efficient when the analysed signal has
transients. The advantage of WT( wavelet transform) over STFT( short time Fourier transform) is that the short
Fourier analysis which uses single analysis window(short/long), the wavelet uses short window at high frequency and
the long window at low frequency.

1. WAVELET TRANSFORM
Wavelet means small wave. Analyse the signal with short duration having finite energy function is called wavelet
analysis. We manipulate wavelet into two ways. First one is scaling. The second one is translation. Wavelet
transformation is same as linear transformation like Fourier transformation with one difference, it allow time
localization of different frequency components i.e., Wavelet transformation decomposes the signal in time and
frequency domain.

There are two categories in the wavelet transformation.
i) Continuous Wavelet Transform.
i) Discrete Wavelet Transform.

The continuous wavelet transform of a signal is defined as
1 * -

CWT(yp.0) = 7 [ y (D) @72

Where ¢ (t)is called as mother wavelet.

Where p and g are the constants. The constant p is called as dilation parameter and gis called as translation parameters.
CWT(y,p,g) denotes wavelets transform of the signal y with scale(dilation) denoted by p, times shift ( translation)
denoted by q.

The discrete wavelet transform of the signal is defined as
DWT(ykD) = 7 [ y(m) @' (I-ka'o)i(as) ot
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Here a,¢ and la,* are dilated and translated parameters. k and | are the integer variables.

During the occurrence of the fault the current and voltage can undergo transients and these can be analysed using
discrete wavelet transform. Normally the implementation of DWT is done by mallets algorithm and its formulation is
related to the filter bank theory. Wavelet transformation techniques use 2 filters HP which is nothing but detail
coefficient and LP which is approximation coefficient. From mother wavelets HP is derived and from scaling function
which is associated with mother wavelet LP is derived.

HP filter

_‘:F Detail 1 HP filter

Detail 2

Approx 1

LP filter Approx 2.....

LP filter
Figure 1: shows implementation of MRA using Filter bank theory.

1. FAULT CLASSIFICATION ALGORITHM
The most important tool for digital relaying system is wavelet transform. The classification algorithm for transmission
line is done by using wavelet MRA(Multi resolution technique) are based on measurement and comparison of sharp
signal variation in the current value for three phase in the first stage MRA (Multi resolution technique) detail signal
extracted from original fault signal[1][4]. The simulation model of three phase power system has been simulated. The
lines current is processed using WT (wavelet transform) classification algorithm to obtain wavelet MRA coefficient.

For fault classification these coefficients are used.
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Figure 2: The Fault Classification algorithm.

Let us Consider Spn.a SprsSph-care the sum of 6th level detail coefficient values for current in phase a, phase b, phase c.
When summation of Syn.a Sphb Sph-c 1S Nearly equal to 0 then the fault can be either three phase fault or L-L fault. If the
summation of any two phases tends to or nearly equal to O then it is L-L fault. If the Syn.a Spno and Spncbe the
summation of sixth level detail coefficient values is not equal to O then it is L-G(line to ground) or L-L-L-G(three
phase) fault. If the summations of magnitude of any two phases are equal then it is L-G fault.

At normal condition the three phases current were recorded and decomposed using DWT to get maximum detailed
coefficient.Db4 (Daubechies wavelet 4) is used as mother wavelets and 12.5 kHz sampling rate is selected[1]. Only 6th
level output is considered among different decomposition level for the analysis of fault classification. Summation of
sixth level output d6 gives the frequency components which corresponding to second and third harmonics.
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V. SIMULATION AND RESULT

Consider a transmission line having a length 300 km with 400 kVas three phase source voltage. The three phase mutual
inductance positive(+ve) sequence parameters values are resistance 2.34Q, inductance 95.10 mH, and capacitance 1.24
uF for each hundred kilometres length. The zero sequence line parameters are resistance 38.85 Q, inductance 325.08
mH and capacitance 0.845 puF for each hundred kilometres length. The negative (-ve) sequence line parameters and
positive sequence parameters are same. The source impedance (Zs) for positive and negative sequence of are (0.45 + j
5) Q per phase. The zero sequence impedance is one and half times the positive sequence impedance. At the load side
500MW an active power and inductive reactive power of 20 MVAR have been considered. The simulation result for
different type of faults is shown in the below figure.
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Figure 4.1: Simulation result for L-G faults. Figure 4.2: Simulation result for L-L-G faults.
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Figure 4.3: Simulation result for L-L faults. Figure 4.4. Simulation result for L-L-L faults.

Simulation is carried out by using MATLAB/SIMULINK with different types of faults. The summation for different
phases is shown in the table.
The below tabulation values shows the summation of all three phase values by using DB4 as mother wavelets.

FAULTS . . . Suh-rsgarsuh- Sui =S 30 Suh-fa\s,\,uh-c Suh-ga\s,\,uh-c
TYPE o e o (Yes\No) (Yes'No) (Yes\No) (Yes'No)
AB | 605808 | 68.3693 | 837314 Yes Yes No No
BC 6477 | 106.7986 | -100.12 Yes No Yes No
AC | 3125034 | 1485014 | 462179 Yes No No Yes
ABC | -17.3273 | 112.1228 | 94.7955 Yes No No No

RAULTS | o | g | o | S g s | S s s
TYPE (Yes'No)

AG 26227 | 1630631 | -6.93544 No No Yes No
BG | 391933 | 85.16764 | -6.08014 No No No Yes
CG_ | 10.2262 | 10.85478 | 58.9406 No Yes No No
BCG | -7.14047 | 115.8345 | -91.0838 No No No No
ACG | 446656 | 1239344 | -73.0016 No No No No
ABG | 42.8328 | 8661722 | -5.25297 No No No No

Table 1.1:Tabulation of fault classification algorithm using Db4 as mother wavelet.
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The below tabulation value shows the summation of all three phase values by using SYM4 as mother wavelets.

FAULTS S'Dh-a_Suh-b_Suh- 5 uh-a:.\.\SN vh-b 5 uh-h:\.\SN ph-¢ =0 5 uh-a:.\ﬁ. ph-¢
R e - (YC:'"(I{I ) (¥ 20%0) (Yes\No) (¥ o)
es'No es' No es' No es' No
AB 5077707 | -41.3039 | 3623972 No No Yes No
BC -8.08564 | -65.5145 | 7352014 No No Yes No
AC 322162 | -28.1541 | 6043681 No No No No
ABC 154238 | -61.8054 | 77.22922 No No No No
FAULTS | . ) Soba ™SS0 | 1S SIS gnal | 1S okl sl | 1S sn S g
TYPE oh-a oh-b Hoh-c (YEC;NO)
AG -7.7941 -29.0794 35293 No No Yes No
BG -8.53916 -5393 3587968 No No No No
CG -6.80356 | -26.7538 | 61.72406 No No No No
BCG 750736 | -663741 | 72.66056 No No Yes No
ACG 222648 27736 | TO38826 No No No No
ABG -4.01416 | -50.3958 | 3524334 No No No No

Table 1.2: Tabulation of fault classification algorithm using sym4 as mother wavelet.

FAULTS Suh-a_suh-b_s'uh- 5 uh-a:MSh ph-b =0 5 uh-b:MSN ph-o 5 uh-&:ﬁ ph-¢
TYPE Sona Sonb Sohc c;:;o . ::;0 :2.0
(Yes'No) (Yes'No) (Yes'No) (Yes'No)
AB -20.3609 | 1278457 | 7561724 Yes No No No
BC -102402 | 2427165 | -13.9839 Yes No No No
AC 1.199295 | 2.678429 | -391074 Yes No No No
ABC -0.34515 | 23.80033 | -14.4552 Yes No No No
FAULTS | < o | T s s ) | B s
TYPE Hob-a Hoh-b Hob-c e ¢
(Yes'No)
AG -12.6961 | 391933 | 7984315 No No Yes No
BG -10.0861 | 1899571 | 7659171 No Yes No No
CG -10.7541 | 2.101798 | -6.29965 No No No Yes
BCG -104876 | 2562561 | -12.6299 No No No No
ACG -4 75641 | 2.18367 | -9.86645 No No No No
ABG -15.7592 | 17.38631 | 8.303919 No No No No

Table 1.3:Tabulation of fault classification algorithm using Coif4 as mother wavelet.

The above tabulation value shows the summation of all three phase values by using Coif4 as mother wavelets.

FAULT gmh 2 \,Swh b gmh c Sph"!_ ?;]Sh_sph- S Dh-":"'s_" ph-b =0 |8 Dh.b‘:,\fs\,uh_c =0 S 'Dh-:_owg,vh-c
STYPE (Yes'No) (Yes'No) (Yes'No)
AB -150.744 | 201.6453 | -51.0528 Yes No No No
BC -43.0129 | 311.8393 | -268.361 Yes No No No
AC 66.71542 | 94.06565 | -161.095 Yes No No No
ABC | 415264 | 310.8633 | -269.337 Yes No No No
FAULT S 8 S ks S::]ah ot Se-o~8onbl | 1S prallS phosl 8 ”h'“|'T|S oh-
S TYPE Hok-a Soh-b Hoh-c ¢ b
AG -71.8243 | 98.37661 | -46.7138 No No No No
BG -37.8507 | 255.0133 | -46.4728 No No No No
CG -519038 | 845645 | -183.189 No No No No
BCG -452263 | 3264593 | -253.741 No No No No
ACG 5234058 | 835471 | -222576 No No No No
ABG -15.7592 | 2485067 | -43.1284 No No No No

Table 1.4: Tabulation of fault classification algorithm using Biorl.3 as mother wavelet.
The above tabulation value shows the summation of all three phase values by using Bior1.3 as mother wavelets.
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V. CONCLUSION

Algorithm used for fault classification using Db4 wavelets for a distance of 100km from the source considering all type
of faults is assumed to be effective and yielded to be right classification. Simulation is carried out for different standard
wavelets and only Db4 wavelet give accurate and exact fault classification when considering all other wavelets.
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