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Abstract:  
This paper presents a new approach of fault detection for EHV transmission lines using one-end data for either of 

voltage or current signals. The scheme is based on the use of modified wavelet transform and implementation of digital 

signal processing concepts for the experimental results. A modified wavelet function is used to analyze the high 

frequency components initiated by the abnormal conditions. The algorithm is evaluated using the alternative transient 

program ATP model of 500 KV, 300 Km transmission line. The obtained results indicate an accepted degree of 

accuracy for the suggested technique. In addition, the new form of wavelet function is implemented in the real time 

model to detect any sudden changes in the voltage signal due to fault occurrence through the line. 
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I- INTRODUCTION 

The most common sources of transients in power 

systems are due to line and load switching or fault 

occurrence. These transients are initiated by a sudden 

change in the circuit conditions. The changes occur when 

the existing current path is isolated or a new one is 

introduced. During this, a high frequency noise is 

introduced on the lines. It is certain that, the high 

frequency components associated with the fundamental 

one, on the transmission lines, are containing some 

information about the fault [1]. In order to detect the high 

frequency components, several algorithms have been used 

in power systems, such as  the Fast Fourier Transform, 

the Kalman filtering,  the Least Square method, and Finite 

Impulse Response filtering [2,3,4]. However, in presence 

of non stationary signals, the performance of these 

algorithms has some limitations. The Wavelet Transform 

is one of the mathematical tools for analyzing the Non-

stationary signal in both time domain as well as frequency 

domain, by means of dilating and translating a single 

function named mother wavelet [5]. Wavelets have been 

successfully applied in many areas of signal processing in 

many applications such as, image processing, speech 

processing, and data compression [6]. Up to date, in 

power system the wavelet transform may be employed 

either for analyzing records and simulations, or in real 

time operation for protection devices [7, 8]. A technique 

using wavelet analysis filter bank to identify distribution 

high impedance faults is presented in [7]. In [8], wavelets 

are used to separate high frequency component associated 

with the fundamental frequency, so that, most of the high 

speed relay algorithms utilize the high frequency 

component to make a protective decision. Also, wavelet 

transform with a new complex wavelet is utilized to 

quantify short duration power quality disturbances. [9]. 

The experimental system introduces a real time 

digital environment based on Lab View package [10]. A 

complete hardware including signal measurements, signal 

processing and programming language is built in around 

the Lab View Package. The laboratory model is examined 

under the healthy and faulty conditions in order to study 

its performance. 

In this paper, the integral wavelet transform is 

modified and implemented to detect the high frequency 

noises that introduced on the EHV lines due to abnormal 

conditions such as faults and switching. The wavelet 

transform uses the instantaneous values of voltage signal 

accessible at one end. 

II- BASIC WAVELET FUNCTION  

The basic wavelet function "ψ(t) " is a very fast 

decaying oscillating wave. This wave is described by:   
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Fig. 1 shows the real part of the basic wavelet of 50 

Hz frequency. This basic wavelet is an even function with 

approximately effective five cycles of 0.1 sec. width. The 

wavelet has the following properties, fast damped 

oscillating wave, identical around zero time and the 

integration over its life time is zero. 
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Fig. 1 Real part of basic wavelet 

III- MODIFIED WAVELET FUNCTION 

The original wavelet presented in equation (1) needs 

at least 15 points in order to be described. In such case, 

the wavelet function requires a hard computational effort 

to be done. A simple modification is suggested by authors 

to represent the wavelet by less numbers of points as 

mention on equation (3). It is clear evident that, the 

integration of modified wavelet must be zero as 

following: 

)2(0dt   (t)







 

Equation (3) describes the modified wavelet 

represented by five points only, three of them are zero, 

which reduce the computational effort for calculating the 

wavelet function. Fig. 2 shows the modified wavelet.  
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In this case, the overall integration of this modified 

function still produces zero average value as following: 
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Fig. 2 Modified wavelet function 

 

The modified wavelet function S(i) based on the 

healthy voltage waveform is calculated as following: 

(5)         1)v(i-v(i)s(i) 
 

(6)            )t *i* (w cosv(i)   

Where, v(i) is the voltage signal for healthy waveform 

and is obtained in per unit, t is the sampling time 

interval in sec. 

 

IV- SELECTING THRESHOLD VALUE 

In normal condition, wavelet function s(i) always lies 

around zero value and it deviates from zero during fault 

condition. The magnitude of this signal depends on many 

factors such as fault type, fault location, fault inception 

angle and processing sampling rate. Therefore selecting a 

predetermined threshold limit, valid for all conditions, 

becomes tricky. The authors suggest a predetermined 

threshold limit (  ) taken equal to 1.05 like others [11] 

and [12]. It is sufficient to detect all fault conditions as; 

(7)            s(i)   

V- STUDIED SYSTEM  

The system shown in Fig.(3)  is ATP simulation for 

selected power system to evaluate the suggested 

techniques. The calculation required to calculate the 

modified wavelet function is carried out using m file build 

on MATLAB program. The system represents an actual 

extra high voltage transmission line of 500kv and 300 km 

long. Table 1 shows the resistance, inductance and 

capacitance values of the line per km. These values are 

the typical π section model of the transmission line. The 

sampling frequency of the voltage signals and the wavelet 

function is choice to be 100 KHz which is a reasonable. 

Higher rate gives more accurate fault detection but 

consumes more processing time. 

TABLE I: LINE PARAMETERS 

Parameter Value Dimension 

Resistance      R 0.0217 Ohm/km 

Inductance     L 9.61 x 10 -4 H/km 

Capacitance   C 1.26 x 10 -8 F/km 

 

 
 

Fig. 3 The study system  

VI –COMPUTER SIMULATION 

In  order  to  investigate  the  applicability  of  the  

proposed wavelet  transform  fault detection algorithm, 

extensive simulation studies are done, only four study 

cases are presented. These cases compute of various fault 

conditions at single line to ground fault SLG. The aim of 

these cases is to check the algorithm accuracy for fault 



 185 

detection. In each case study the voltage wave-forms are 

presented. 

A. Fault Conditions Effect 

In the first study case (Case study 1: Close-up fault), 

the fault is done at a distance of 5 km at SLG through a 

fault resistance of 20 ohm. Fig (4-a) shows the voltage 

wave-form at bus B1 and Fig. (4-b) shows the output of 

the modified wavelet function.  

The same sequence is done for the second study case 

(Case study 2: remote-end fault), where the fault accurse 

at distance 290 km through a fault resistance of 20 ohm. 

Fig. (5-a), (5-b) shows the same values as fig. 4. 

Cases studies 3 and 4 present the effect of fault 

resistance where the fault is done at the mid-point of the 

line through a fault resistance of 10 ohm and 100 ohm to 

show the accuracy of the suggested technique for the high 

impedance faults. Fig. 6 and fig. 7 show the simulation 

results and technique evaluation for these cases.  

From those results, it is clear that, the magnitude of 

the high frequency noise changed from faulted case to 

another according to fault conditions, any sudden changes 

in the voltage signal can be observed even in the 

condition of low inception angle and remote end faults 

that are through a high fault resistance. The detection time 

instant for faults at 5km, 290km, and 150km are 

calculated using sampling frequency of the voltage 

signals is 20.03ms, 20.85ms, and 20.55ms respectively. It 

is to be noted that, for fault occurred at 20ms the results 

indicate that the detection time is directly proportional to 

the fault location. 

B. Other Transient Conditions 

Transient may be also initiated due to other cases 

such as switching operations and load or source 

variations. Discrimination between the high frequency 

noise initiated due to such reasons and those due to direct 

faults becomes very essential. These results indicate that 

the frequencies initiated due to switching are totally differ 

than those initiated due to faults. Fig. 8 shows the 

simulation results for line energizing by switching at 

point S1. 

 Load switching also is examined by closing the 

switch at point S2 on a heavy load. The same concepts for 

line energizing are true for the load switching as shown in 

fig. 9. 

VII.TECHNIQUE EVALUATION USING 

EXPERIMENTAL RESULTS 

A. Experimental Setup 

The hardware implementation is required to 

demonstrate the ability of the on line implementation of 

the suggested technique in real time. Fig 10 shows the 

overall experimental setup. In this figure, the laboratory 

model consists of four pi section where their resistance, 

inductance and capacitance as lumped parameters for 

each section are (0.195Ω, 0.675h, 1.5µf), respectively. 

The transmission line model is introduced with the data 

acquisition system that based Lab-View environment is 

presented. The data acquisition card receives voltage 

signals through voltage transformers with a ratio of 220/3. 

The voltage signals are fed to the data acquisition card 

linked with PC-P4 2.8GHz cor2due processor.  

 

  

Fig.10 Overall experimental setup 

B- Software Structure 

One of the advantages of lab-view package is 

supported software using graphical programming 

language. This may be described by more details for 

convenience as following. 

Front panels contain various types of control and 

indicators that are input and output respectively. Block 

diagrams contain terminals corresponding to front panel. 

Controls and indicators as well as consists of functions, 

sub virtual instruments, structures and wires that carry 

data from one object to another. 

C- Experimental Evaluation of the Modified Wavelet 

technique 

The experimental results of the laboratory 

investigation of the fault detection based wavelet 

transform using the modified function are outlined. The 

laboratory model is used to produce real signals during 

fault occurrence. 

An extinction series of real time implementation 

studies has been done using the laboratory model. figures 

(11, 12 and 13) shows the front panel of lab-view system 

during fault condition indicating the voltage signals, 

output of the modified wavelet function s(i), accumulated 

value of s(i) and trip signal. These figures present three 

different cases of fault detection due to single line to 

ground fault, set at 25% of transmission line, through a 

fault resistance20 Ω, 50% of transmission line, through a 

fault resistance15Ω and 75% of transmission line, through 

a fault resistance10Ω respectively. 

It is clear that, the outputs of the WT are depending 

upon the frequency contained of the voltage signal. The 

outputs signals that are around zero values during normal 

operation considerably deviate from zeros when the fault 

occurs. The suggested tool succeeds to extract and detect 
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the high frequency components associated with faults. 

The comparison between the simulation results and 

experimental results are difficult due to the limited 

possibilities of the laboratory model. Moreover, the 

experimental results demonstrate the capability of 

practical implementation of suggested tool. 

 

VIII- CONCLUSION 

This paper introduced a simplified method for quick 

and reliable fault detection through EHV transmission 

line of 500 KV and 300 Km long. The suggested 

technique distinguishes fault cases from other 

disturbances even with the condition of low inception 

angle and remote end fault, which are through high fault 

resistance up to 100Ω.The experimental tests for 

evaluating the suggested method indicates accepted 

accuracy. A basic wavelet function is introduced and 

modified in order to reduce the computational effort 

required to calculate the wavelet transform. The modified 

wavelet function is successfully implemented to detect the 

fault. The results indicate that, the processing time 

reduced to less than 50 % compared with other methods 

using the wavelet function. The reduction of the 

computational time is one of the most advantages gained. 
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Fig.4 Simulation results for case study 1: Close-up fault  

Voltage waveform at B1 

 

 
Fig.5 Simulation results for case study 2: Remote-end fault 

Voltage waveform at B1 
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      Fig.6 Simulation results for case study 3 

Voltage waveform at B1 

 

 

 
     Fig.7 Simulation results for case study 4 

Voltage waveform at B1 
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Fig. 8 Simulation results for energized line  

 

 

 
Fig. 9 Simulation results for load switching 
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Fig.11 Relay response for SLG fault (Rf = 20 Ω, D =25% of line length) 

 

 
Fig.12 Relay response for SLG fault (Rf = 15 Ω, D =50% of line length) 

 

 
Fig.13 Relay response for SLG fault (Rf = 10 Ω, D =75% of line length)  


