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Abstract—A novel approach for multiresolution analysis
(MRA) based discrimination of lightning transients and faults
on transmission lines are proposed in the article. The main
contribution of the paper is to evaluate the peak absolute value
and summation of 3rd level output of MRA detail signal of
current in each phase extracted from the original signals. The
test system is carried out for 220kv, 200 km and 400kv, 200 km
long line fed from both ends using EMTP. Simulation results
are used to examine the effects of fault distance, fault inception
angle and fault impedance and hence the proposed method is
more effective and robust it is promising in high impedance
fault detection.
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I. INTRODUCTION

A fault on power system will generate wideband transient
signal, whose high-frequency components contain more
information about the fault type, location and direction than
power-frequency signal does. Some new protective relaying
principles have been developed relying on the measurement
of the fault-generated high frequency transients [1,2]. These
protection principles have many advantages over the
conventional protection principles. For example, they can
realize a complete transmission line protection without
communication link and are affected little by fault
conditions such as fault type, fault resistance and fault
position, etc. However, lightning strokes also cause similar
high frequency transients, which will be captured by these
protective relays and result in their wrong response.
Therefore, it’s valuable to distinguish lightning strokes from
faults. It would provide useful information for the design of
new protection schemes.

Because of many stochastic factors, transients caused by
lightning strokes vary greatly not only in waveform, but in
magnitude. It is difficult to discriminate between lightning
strokes and faults .with the use of characteristics only in
time domain or frequency domain. Wavelet transform is
powerful tool for signal analysis [3]. Wavelets are local in
both frequency and time. Therefore, they are suitable for
accurate analysis of power system transient phenomena.

This work presents an application of wavelet

one of the most active branches of WT theory, Introduced
by Mallet [4,5] in 1989. The 3rd level MRA detail signal is
found to be most suitable and is used for the analysis, which
reduces the computational burden considerably. The
algorithm is generalized in nature. Although, it depends on
some threshold level for identification of faults, it is
generalized as p.u.values and ratios are used for determining
the threshold level. However, it does not depend on any
threshold value for classification of different types of fault
conditions irrespective of the system voltage or parameters.
Further, the algorithm is independent of the effects of fault
inception angle, fault distance and fault impedance.
Simulation results indicate that this method is very effective
in detecting and classifying the faults.

Il. FAULT CLASSIFICATION USING WAVELET MRA

multiresolution analysis technique to fault analysis and
proposes a new fault classification algorithm. The MRA is
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Wavelet applications for transmission line faults analysis
are enriched by some interesting research studies. Therefore,
an attempt is made for a brief exposition of wavelet
transform to give an adequate emphasis to depict the real-
time implementation of fault classification algorithm.

The MRA details at various levels contain the features
for detection and classification of faults. Owing to the
unique feature of providing multiple resolutions both in time
and frequency by wavelets, the sub band information can be
extracted from the original signal. Thus for transmission line
fault analysis in a power system, applied to faults, these sub-
band information are seen to provide useful clues regarding
the faults for their classification in an elegant way [6,7]. By

randomly shifting the point of fault on the transmission line,
a number of simulations are carried out employing
MATLAB. The generated time domain signal for each case
is analyzed using Wavelet transform. Amongst different
decomposed levels, only 3rd level output is considered for
the analysis [8,9], because the absolute values of the
summation of 3rd level output for all the inception angles
considered for the analysis are found to be higher as
compared to those from other level outputs. It indicates that
the total area under the characteristics of 3rd level outputs is
more than that of other level outputs. Another reason for the
3rd level output to be selected as the parameter for fault
classification is that the summation of 3rd level output
Satisfies the characteristic relationships for all types of faults
for classification purposes. Thus based on third level
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outputs, an efficient generalized algorithm for fault
classification based on the Wavelet analysis is depicted
below.

111. SIMULATION
A. Single line model for 220 KV transmission system

The model of 220 KV Transmission system [11]
considered for the analysis is as shown in Fig. 1.

Source A Source B
Line |
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220 KV 220 KV

Figure ], Test power system

The base values of the voltage and the power in the
system are taken as 220 kV and 100MVA. The frequency of
the system is taken to be 50 Hz. The sequence parameter
line model is selected for the transmission ling, as this is the
most suitable model for a transmission line in the event of
faults.

The transmission line parameters are:

(A) Zero sequence parameters: RO = 0.4054Q/km, X0 =
2.8125 mH/km, CO = 0.0044pF/km;

(B) Positive sequence parameters: R1 = 0.07375Q/km, X1
= 1.0794 mH/km, C1 = 0.0075pF/km; and

(C) Negative sequence parameters: same as positive
sequence parameters.

The total impedance of the generator and the
transformer together on both sides are taken as (0.2 +
j4.49)Q, which corresponds to a X/R ratio of 22.45. The
current signals recorded at the two ends, considered for the
analysis are generated by simulating the system on EMTP.
The generated time domain signals are sampled every 80 ps
and then used for the analysis using wavelet transform.

B. Single line model for 400 KV transmission system

Source A Source B
Line
L
|
R
400 kv 400 kv

Figure 2. Test power system

The single line diagram of the power system model
considered for simulation study is shown in Fig. 2.

The length of the transmission line considered is 200
km having a source voltage (Vs) of 400 kV. The positive
sequence parameters such as resistance, inductance, and
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capacitance values of the transmission line are 2.34 Q, 95.10 lightning strike at 5 km will have much higher amplitude as
mH, 1.24 pF, respectively. The negative sequence line compared to the

parameters are same as the positive sequence parameters. The

zero sequence line parameters are 38.85 Q, 325.08 mH, 0.845

MF, respectively. The positive, negative sequence of source

impedance (Zs) is (0.45 + j5) Q per phase, and the zero

sequence impedance is one and half times the positive

sequence impedance. An active power of 500 MW has been

considered for the case studies [10].

IV. IDENTIFICATION OF FAULTS

In case of a fault, the signatures of all the three phases are
required to ascertain the faulted and the healthy phases.
Through an exhaustive experimentation, the parameter found to
be suitable for the identification is the peak absolute value of
3rd level output for the three phase currents and the mean of
these three peak values of phase currents. As the simulation
results show that inception angle has considerable effect on the
current signal and, therefore, on the wavelet transform output
and moreover as the waves are periodic in nature, hence the
variation of the parameters for identification of faults with
respect to fault inception angle are studied in the range of 0-

180°.

If Ay = peak absolute value of 3rd level component for
current in phase ‘a’;
Ap = peak absolute value of 3rd level component for
current in phase ‘b’ and;
A = peak absolute value of 3rd level component for current
in phase ‘c’.
Further, if ry = Ag/Ap; ro = Ap/Ac; r3 = A/A,; and

These parameters are used for identification of different
types of disturbances.

A. Discrimination of lightning transients from faults

Simulation results indicate that if any one value of (rq, ry
or r3) is equal to or less than a threshold value rth, then a fault
is said to have occurred. However, if any one value of (rq, ro

or r3) is more than rth, then it is a lightning transient as in the
case of lightning transient, the current in the affected phase or
phases are very high and hence at least one of the ratios of
currents in two phases is observed to be more than rth.

For finding out the threshold value of rth, simulations are
carried out considering lightning transient, L-G, L-L-L, L- L-
G, L-L faults. The most common type of transient, which a
transmission line often comes across, is a lightning transient.
Hence, a standard lightning transient of 1.2/50 pus with a peak
value equal to the system voltage level is considered on phase

‘a’. The variation of the ratio r; with inception angle for
lightning strike on phase ‘a’ at 195 km from the generator no.1,
L-G, L-L-L, L-L-G, L-L faults involving phase ‘a’ occurring
at a distance of 5 km from generator no.1 is shown in Fig. 2.
As the current signals employed for the analysis are recorded at
the generator no.1, hence the transients at the other end of the
line i.e. at generator no.2 will have smaller amplitude as
compared to that at or near the generator no.l. Thus, the
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lightning strike at 195 km. Hence, for determining the
threshold value, lightning strike at the far end i.e. at 195 km
is compared to different types of faults at the near end i.e. at
5 km to show that even the minimum value of current due to
lightning strike at the far end of the line also has a much
higher value as compared to different types of faults
occurring near the recording end.
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Fig.3. For 230 kV Transmission system, The Variation of ry with
inception angle for faults involving phase ‘a” at 5km.(1) L-L-L fault,

(2) L -L fault, (3) L-L-G fault, (4) L-G fault, (5) lightning strike at 195km,
and (6) lightning strike at 5km.
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Fig.4. For 400 kv Transmission system, The Variation of r with
inception angle for faults involving phase ‘a’ at 5km. (1) L-L-L fault, (2)L -
L fault, (3) L-L-G fault, (4) L-G fault, (5) lightning strike at 195km, and

(6) lightning strike at 5km.

Since the faults and the lightning transients considered
involve phase ‘a’, variation of rq is only considered.
Similarly, r, or r3 will be considered if the faults or the
lightning strikes involve phase ‘b’ or phase ‘c’, respectively.

As can be seen from Fig. 3 and Fig.4, the ratio rq for the
lightning transient is very high as compared to faults. Hence,

a threshold level for the ratio r; can be selected so that
proper discrimination of lightning transient from faults can
be done. Considering the effect of fault distance also into
account, a value of rth is selected as 80 for the system under
220 KV Transmission system and 250 for the system under
400kv transmission system are shown in the fig.3, and fig.4,
respectively.

B. Classification of faults

The transmission line faults in a power system are
usually classified as single line to ground (L-G), double line
to ground (L-L-G), double line (L-L), and 3 phase
symmetrical (L-L-L) and (L-L-L-G-) faults. The fault
inception angle has a considerable effect on the phase
current samples and therefore also on wavelet transforms
output of post-fault signals as confirmed from several
simulation studies. As the waves are periodic, it is sufficient

to study the effect of inception angle in the range of 0-180°
[9]. The algorithm proceeds as follows:

computation of MRA coefficients
for different phase cmrents

v

l Determine S, Sy, S. |

v

I Calculate Ratios (s, s, 83) I

L-L
fault

Is (Sy+Sp) =0 or
(Sa+Se) =0 or
(Sp+Se) =07

L-G
fault.

Fig.5. A Flow-chart for the fault classification algorithm

Let Sa, Sp, and S¢ be the summation of third level values
for current in phases a, b and c respectively. When the

summation of S;, Sp and S¢ is equal to zero, then the fault can
be either L-L-L or L-L fault. The discrimination between these
two types of faults is based on the fact that the magnitudes of

Sa, Sp and S¢ are comparable to each other in case of L-L-L
fault. But in case of L-L fault, the addition of any two phases

summations namely, either S; + Sp or Sy + S¢ or Sc + Sa tends
to nearly equal to zero and remaining phase summation
coefficient is very small and almost negligible compared to
other two summation having equal values with opposite signs.

When the summation of S;, Sp, and S¢ is not equal to zero,
then it can be either L-G or L-L-L-G fault. If the absolute value
of any two summations is equal and always much smaller than
the absolute value of the third level summation, then it is a L-G
fault. If the absolute value of any two third level summations is
not equal to zero and is always much higher than the absolute
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value of remaining third level summation, then it is a L-L-G fault. The fault classification algorithm is depicted in Fig. 5
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V. SIMULATION RESULTS FOR FAULT CLASSIFICATION:

A. Simulation results for 220 kv transmission system

In order to show the effectiveness of the proposed
algorithm, different types of faults are as shown below.
While Fig. 6 shows the plot for a L-L-L fault at 5 km, Fig.
7 shows the same for a L-L-L fault at 195 km.

L-L-L FAULT

[$1x]

—a#— Sa
—+—Sb
——iSC

Sum of 3rd level WT output

0 20 40 60 80 100 120 140 160 180
Angle of inception in Degrees

Fig.6. Effect of inception angle for L-L-L fault at 5km
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Fig.7. Effect of inception angle for L-L-L fault at 5km

The results for the two extreme ends of the line are
presented here to show the efficacy of the algorithm even at
the far end of the line as at the far end of the line, the
amplitude of the current signal is always less when the
measurement is done at the other end i.e. at the sending end.
Hence, if the algorithm is valid at the far end, it will be valid
at any distance over the total length of the line.

Similarly Fig. 8 shows the plot for a L-L-G fault at 5
km, Fig. 9 shows the same for a L-L-G fault at 195 km.
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Fig.9. Effect of inception angle for L-L-G fault involving phases ‘a’, ‘b’
and ground at 195km.

Similarly the remaining faults are also obtained by

using the algorithm shown in Fig.5. The proposed method is
also effectively suitable for high impedance faults.

B. Simulation results for 400 kv transmission system

Fig.8. Effect of inception angle for L-L-G fault involving phases ‘a’,
‘b’ and ground at 5km.
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Fig. 10 shows the plot for a L-L-L fault at 5 km, Fig. 11
shows the same for a L-L-L fault at 195 km, for 400kv
transmission system.
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Fig.10. Effect of inception angle for L-L-L fault at 5km
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Fig.11. Effect of inception angle for L-L-L fault at 195km
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Fig. 12 shows the plot for a L-L-G fault at 5 km, Fig. 13 References
shows the same for a L-L-G fault at 195 km.
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Fig.13. Effect of inception angle for L-L-G fault involving phases ‘a’, ‘b’ 323-333.
at 195km.

Fig.lZ. Effect of inception angle for L-L-G fault involving phases ‘a’, ‘b’
at 5km.
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Similarly the remaining faults are also obtained by using
the algorithm shown in Fig.5, and the proposed method is also
effectively suitable for high impedance faults.

VI. CONCLUSIONS

1. The significant criterion established in the work is
about an application of wavelet MRA theory has
been invented for discrimination of lightning
transients and faults on transmission lines, and also
classification of faults on a power transmission
lines.

2. This new method is verified that it is used for
discrimination of lightning transients and faults on
transmission lines, for both the systems of 220 kV
and 400 kV transmission lines by using wavelet
MRA.

3. It can be followed for the identification of high
impedance faults and therefore the generalized
algorithm has the features of effectiveness and
robustness.
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