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Abstract - The two most important expected objectives of the transmission line protection are – 1) Differentiating the internal faults 
from external faults and 2) identifying exactly the fault type using one end data only. In conventional distance protection scheme only 
80 percent of line length gets primary protection while for remaining 20 percent of line length a time delay is provided to avoid 
maloperation due to overreach in case of D.C. offset. In this new scheme a fault generated transients based protection method is 
introduced by which the whole line length gets primary protection by using the concept of bus capacitance. This scheme implements 
improved solution based on wavelet transform and self-organized neural network. The measured current and voltage signals are 
preprocessed first and then decomposed using wavelet multiresolution analysis to obtain the high frequency and low frequency 
information. The training patterns are formed based on high frequency signal components and the low frequency components of all 
three phase voltages and current. Zero sequence voltage and current are also used to identify faults involving grounds. The input sets 
formed based on the high frequency components are arranged as inputs of neural network-1, whose task is to indicate whether the 
fault is internal or external. The input sets formed based on the low frequency components are arranged as inputs of neural network-
2, whose task is indicate the type of fault. The new method uses both low and high frequency information of the fault signal to 
achieve an advanced transmission line protection scheme. 

 
I. INTRODUCTION  

 The primary goal of transmission line protection, 
whatever the principle it uses, is to rapidly and precisely 
detect the fault and disconnect the faulted area. It should 
also differentiate the internal faults from external faults 
so that only the faulted line is removed; provide the 
exact fault type selection so that advanced tripping and 
reclosing schemes can be applied; locate the precise fault 
position on the transmission line so that the line can be 
repaired and restored quickly. 

 The conventional line protection schemes based on 
fundamental frequency components of the fault 
generated transient voltage and current signals, can be 
classified into two categories: 1) non-unit protection 
and 2) unit protection. The non-unit protection schemes 
use one end transmission line data while the unit 
protection  schemes usually use data from two ends. 
The non-unit protection such as distance relay, cannot 
protect the entire length of the primary line because it 
can not differentiate the internal faults from external 
occurring around the multizone boundaries. Backup 
protection approach is then introduced for protecting 
the entire length of the transmission line. For unit 
protection such as pilot protection, it usually requires a 

communication link to transmit the blocking or transfer 
tripping signals. Therefore, the reliability of the 
protection scheme highly relies on the reliability of the 
communication link. The cost of the communication 
link also needs to be taken into account. 

 Recently, new techniques using high frequency 
components of the fault generated transient signals were 
studied and some useful solutions were obtained 
[4][5][6][7]. An approach called “boundary protection” 
for solving the disadvantages of conventional non-unit 
protection schemes was proposed. Wide-band high 
frequency signals generated on extra high voltage lines 
following sudden changes in the system voltage, caused, 
for example by an arcing fault, are generally outside the 
bandwidth of receptibility of most conventional voltage 
transducers. However, it has been recently suggested that 
these signals, if captured, could be used very effectively 
to develop new types of protection schemes that would 
have many advantages over existing power- frequency 
measurement based methods This approach introduces a 
possibility of precisely differentiating the internal faults 
from external using data from one end only. In this case, 
the relay at one end can protect the entire line length 
with no intentional time delay. Regarding the fault type 
classification, the traditional method is based on the 
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fundamental frequency phasors. The feature formed by a 
nonlinear ratio between voltage and current phasors is 
compared to the threshold to find out the faulted 
phase[2]. 

 This paper introduces a new approach based on 
wavelet transform and a self-organized neural network to 
realize accurate boundary protection and fault type 
classification using one end transmission line data. The 
new method retains both low frequency and high 
frequency component of the fault signal to achieve high 
reliability and selectivity of the protection scheme. 

II. BOUNDARY PROTECTION 

 The system shown in Fig. 1 is a typical multiline 
system. It is supposed that the relay is installed at the 
bus 2 to protect the line 2-3 shown in the figure. A fault 
on the lines will generate wideband transient voltage 
and current signals. The signals will travel in both 
directions with reflections and refractions at the 
discontinuity points reflections and refractions at the  

 
Fig. 1 :  Typical Multiline Power System. 

discontinuity points, which are usually the buses and 
faults. The bus of the power system is always connected 
to many power system apparatus. And at higher 
frequencies the total impedance at bus tends to be more 
capacitive. This fact could be effectively used to 
develop a non-communication protection scheme in 
which the busbar at both ends of a protected line can be 
used as the boundary of the protected zone. This effect 
is shown in Fig.1. For an external fault close to the bus 
3, the high frequency portion of the fault current signal 
(Io)  will be shunted to earth significantly due to the bus 
capacitance. The higher the frequency, the more 
significant portion of the current signal will be shunted. 
From the viewpoint of the relay, the magnitude of high 
frequency portion of the fault current signal is reduced. 
In contrast, for the internal fault F2 close to the bus 3, 
the fault current of the entire frequency band can be 
seen by the relay. That means, if other fault conditions 
(fault type, fault resistance, fault angle) are identical, it 
will be possible to differentiate the internal fault F2 
from the external fault F3 by comparing the high 
frequency portions of their signals. 

 Similarly, the same method can be used to 
differentiate the faults at F3 and F4. Using the voltage 
signals, we can still differentiate faults at F1 and F2 but 
cannot differentiate faults at F3and F4 because the 
voltage measurements of the relay are obtained from bus 
2. The feature differences of the faults on different line 
sections seen by the relay at bus 2 in Fig.1 can be 
summarized as follows. 

• For faults on the primary line, the energy of the 
high frequency portion of the voltage and current 
signals will be seen as “big” values. 

• For faults on the backward line, the energy of high 
frequency portion of the voltage signals will be seen 
as “big” values while the energy of high frequency 
portion of the current signals will be seen as 
“small” values. 

• For faults on the forward line, the energy of high 
frequency portion of the voltage and current signals 
will be seen as “small” values. 

 It should be noted that the above statements are 
based on the assumption that all other fault parameters 
are the same and the “big” and “small” value are 
indicating relative numbers. The absolute values are 
dependent on fault type, fault resistance, fault angle, etc. 

III. WAVELET TRANSFORM 

 Wavelet analysis is a relatively new signal 
processing tool and is applied recently by many 
researchers in power systems due to its strong capability 
of time and frequency domain analysis. The two areas 
with most applications are power quality analysis and 
power system protection. 

 The definition of continuous wavelet transform 
(CWT) for a given signal x(t) with respect to a mother 
wavelet ψ(t) is: 

CWTሺa, bሻ ൌ  ଵ
√ୟ

׬  xሺtሻ ψ∞
ି∞ ቀ୲ିୠ

ୟ
ቁ dt       (1) 

where a is the scale factor and b is the translation factor. 
For CWT, t, a, b are all continuous. Unlike Fourier 
transform, the wavelet transform requires selection of a 
mother wavelet for different applications. One of the 
most popular mother wavelets for power system 
transient analysis found in the literature is Daubechies’s 
wavelet family. In the new scheme, the db5 wavelet is 
selected as the mother wavelet for detecting the short 
duration, fast decaying fault generated transient signals. 
Mother wavelet is also called as the analyzing wavelet. 

 The term wavelet means a small wave. The 
smallness refers to the condition that this (window) 
function is of finite length (compactly supported). The 
wave refers to the condition that this function is 
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 For neural network #2, only 1210 fault cases on the 
primary line are used as the inputs for training since 
only the events on the primary line are of concern in this 
case. The outputs of neural network #2 indicate the fault 
type directly.  

VII.  CONCLUSION 

  This paper implements a new protection scheme 
which is aimed at solving the problem of differentiating 
the internal faults from external ones using local-end 
data and providing the exact fault type at the same time 
using the concept of bus capacitance. The scheme uses 
advanced signal processing and artificial intelligence 
techniques to achieve that objective. The highlights of 
the new scheme are: 

• The wavelet transform provides an efficient way to 
extract signal components at different frequency 
bands. 

• The neural network provides an intelligent method 
and a “soft” criterion for feature comparison. 

• The protection tasks are distributed into two neural 
networks so that each neural network has a different 
task. 

• Both neural networks take a post-fault one cycle 
data of the voltage and current waveforms; 
therefore, the protection speed is improved. 

 The new boundary protection scheme accuracy is 
improved over the accuracy of traditional non-unit 
protection. It can work as a unit protection scheme to 
protect the entire length of transmission line while it 
does not have to use the communication link. This will 
not only increase the efficiency of the protection system 
but also reduce the economic costs of misjudgments. 
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