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Abstract 
This paper is to identify and classify the various types of shunt and line faults in transmission line. 
The faults may be an insulation failure, lightning or accidental faulty operation. In a transmission 
line protection important factor is identifying a fault because if any error occurs in finding fault 
may leads to abnormal operation of the protection system. So either a disturbance or steady state 
variation is called power quality variation. The proposed test system is modeled based on the 
neural network and fuzzy algorithm. The online symmetrical components are extracted by this 
above algorithm. The fuzzy is used to separate the oscillating components and average compo-
nents. Here input for the fuzzy is trained by using neural network. It is based on current samples 
and very effective in fault classifier using rule base. This method is very much suitable for online 
implementation. 
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1. Introduction 
In power systems, electrical transmission line has an important role which may be subjected to various distur-
bances like short circuit by any phase damage or lightning. The protective relays are based on three principle 
modules as fault detection, fault classification and fault location [1]. In fault classification, it determines the ex-
act type of fault [2]. The fault detection and fault classification are important devices if error in fault detection 
leads to failure of the protection systems. So, this accidents occur in high voltage transmission line is protected 
by protective relay. 

In this, there may be transient in measured signal which always results in symmetrical components with error 
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is seen [3] [4]. Linear methods are used for Fault protection, which is based on symmetrical components and 
unbalanced current. To improve the performance we are going for adaptive protection concept is used [5]. 

Generally the main objective of the protective relay is to protect the equipment by making it out of service 
during phase and ground fault [6]. If it fails to work, it means that the transmission system components get un-
productive. The adaptive protection techniques are developed with wavelet transformation artificial, neural net-
work and fuzzy logic [7] [8]. Here fuzzy logic controllers are used. This is based on current samples. In a power 
system the protective relaying is one of the basic components.  

Sometimes it causes hazards to the human being and also to the equipment during the fault MVA is high, thus 
it should be cleared as soon as possible. Therefore there should be a better fault identification is needed, thus this 
proposed system is carried out. The followings are various demerits of the conventional system.  

In conventional algorithm, using discrete Fourier analysis may leads to have transients in measured signal. In 
wavelet transform it have complex in symmetrical components computation. Similarly, in ANN-artificial neural 
network needs more training data for real time application [9] [10]. In Adaline based neural network needs the 
large number of phasor input for training such that it results in inaccuracies during the various phase faults [11] 
[12]. 

2. Fault Identification in High Voltage Transmission Line 
The Adaline is the one of the adaptive technique in the neural network which has used for many applications 
especially for fault identification in high voltage transmission line [1]. It is used for permanent and transient 
faults. The Adaline method uses a single neuron with multiple inputs and with one output or has a linear activa-
tion function [12]. Four number fuzzy inference system and Adaline are used for fault identification. So if the 
combination of both neural network and fuzzy results in the both low and high impedance faults are identified 
with in the half cycle of period. The output of this Adaline is compared to the desired values. The fuzzy rules are 
formed based on instantaneous p-q theory. As in Adaline, here four fuzzy blocks are used for the direct current 
computation as well as inverse current computation. For direct and inverse current computation, angle is taken 
from phase locked loop [13]. 

2.1. Fuzzy in Transmission Line Protection 
The Fuzzy Logic allows doing several things, but the most important thing it lets creates and edits fuzzy infe-
rence systems. In the matlabsimulink this simulation block diagram can be easily test the fuzzy logic controller. 
This given system can be done by MATLAB Simulink or by using neuro fuzzy techniques [14]. 

In this paper, all the fuzzy set is defined by extending the classical set [15]. If X is the universe of discourse 
and its elements are denoted by x, then aA be the fuzzy set in the given universe of discourse.Let membership 
function is given by MF or x in A. The membership value always lies between 0 and 1. Generally in fuzzy in-
terference system there are two types of expert system namely Sugeno type and Mamdani type both are varied 
by its outputs. The process of mapping all the input to an output is carried out by fuzzy logic controller. Hence 
based on the mapping all the decision is done as classifying the various line and shunt faults. 

The first step in classifying fault is to take the input transmission line currents, and also it finds the angle. 
Here trapezoidal membership functions used. This model is developed in MATLAB software using fuzzy logic 
tool box [16]. From the input real and reactive power is calculated by using current and voltage from phase 
locked loop. The fuzzy rule is formed by applying fuzzy operator. The output of the membership function is 
shaped on the basis of firing strength of the rules. The product and minimum are most commonly used implica-
tion method. Raw data is extracted using Takagi-Sugeno system. It is developed by human expert systems that 
are purely linguistic rather than numerical data this steps are carried out as shown in Figure 1. 

Each rule of the output is added together by the process of aggregation. Implication process is performed by 
aggregation of truncated output. Defuzzifier is defined as the aggregated output of fuzzy set. In defuzzification  

 

 
Figure 1. Flowchart for fault identification.                                                                    
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process is the simplest and commonly used is gravity method. The information of all the inputs are combined to 
a single non fuzzy output which finds the type of fault occurred in transmission line. In this paper the member-
ship functions are taken as a high, normal and low as fault range. It is denoted as follows: μ1, μ2, and μ3. 

2.2. Symmetrical Components Computation 
Positive, negative and zero sequence terminology is used as “Direct, inverse and zero” terminology. The com-
plexity of the differential equations can be reduced by changing variables. Clarke transformation is used for the 
stationary circuits to the stationary reference frame. 

Here α and β are represented as a two phase stationary variables in Clarke’s transformation, β-axis and α-axis 
are orthogonal. For easy analysis transformation is carried out and by using following equation three phase cur-
rent value is transformed to two phase. This helps to classify the different line and shunt faults occurred in line. 
The resulting transformation is: 

[ ]0 0 abcf T fαβ αβ  =                                       (1) 
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Here we consider positive sequence current as a direct current, negative sequence current as an inverse current 
in Figure 2. This current is calculated based on following equation: 
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Then the real and reactive power is computed separately for direct and inverse components by following equ-
ations: 
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Figure 2. Phasor diagarm for transformation.                                                                  
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where power is taken as p = 3IcosΦ and reactive power is q = 3IsinΦ. The overall block diagram is given below; 
it uses instantaneous power theory for computing active and oscillating power after fault. The source voltage is 
taken as 200 kV at frequency of 50Hz. Let the transmission line length is consider as either 50 km or 100 km. 
Here 386.4 + j293 mΩ/km is taken as homopolar sequence impedance (Zo), 12.73 + j293 mΩ/km is taken as di-
rect sequence impedance (Zd). The simpower system toolbox is used to analysis test system for different cases. 

The Phase locked loop estimate voltage and phase angle by feedback loop. The reactive and real power is de-
termined by using instantaneous power theory. Here fuzzy block is used separately for direct current computa-
tion and inverse current. The above functional block diagram Figure 3. As two sources connected through a 
transmission lines .Instantaneous current values is taken from three phase transmission line, then current is 
measured by using current transformer. Three phase current values are converted to two phase reference frame 
as α and β by Clarke transformation. 

In this test system Inverse Clarke transformation is used to get the three phase stationary reference frame from 
the two axis orthogonal stationary reference frame. Thus PLL is an electronic module which locks the output to 
the input. Here voltage is taken as input for the P-Q computation after clarke’s transformation and phase angle is 
used by fuzzy logic controller for power calculations and to separate average and oscillating components. To get 
three phase current value following formula is used as shown below: 

( ) ( )1
0

1
0 abcf T f−=                                    (8) 

where,  
Va, Vb, Vc are three-phase quantities.  
Vα, Vβ are stationary orthogonal reference frame quantities. 
In this paper, frequency synthesis is done by using phase locked loop. This PLL is mostly used in communi-

cation applications. Generally we call phase locked loop as a feedback system its helps to detect the phase error 
and also it adjust the output phase. It consists of voltage control oscillator which adjusts the phase difference 
between two phases. Another important component is phase detector, which detects between the input and the 
output by using this PLL. Akagi [17] proposed a theory with or without neutral wire based on instantaneous 
values in a power system. 

 

 
Figure 3. System under study for fault identification in transmission system.                                          
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This theory is applicable only for the transient and also for steady state operations this generic current and 
voltage waveforms is called as Active-Reactive (p-q) theory or Instantaneous Power Theory (IPT). The power 
calculation of the p-q theory power components that is three phase voltages in the a-b-c coordinates are con-
verted to the α-β-0 coordinates by using Clarke transformation or it is also called as an algebraic transformation 
in Figure 4. We consider fault transition time is taken from 0.3 sec to 0.35 sec. Similarly for Adaline fault tran-
sition time is 0.04sec to 0.24sec. 

Where V1V2V3 and i1 i2 i3 are phase voltage and currents. 
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Where,  
po is the zero sequence real instantaneous power. 
pαβ is the instantaneous value of real power. 
qαβ is the instantaneous value of imaginary power. 
This all are the above important concepts used in this paper for easy analysis of real and reactive power com-

putation and also by considering harmonics from 1 to 60, which includes both odd and even harmonics has been 
proposed in this paper. 

2.3. Power Calculation by IPT 
The different power terms are defined as follows: 
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Power components of the p-q theory in a-b-c coordinate the currents are obtained. By using instantaneous 
power theory in a stationary reference frame, the non-linear load currents and also main voltages are determined 
which is represented in a α-β component. In zero component current is assumed to be null value. 

 

 
Figure 4. 0αβ reference system.                                                                             
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The reactive and real load powers pl and ql are given: 
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2.4. Fault Current Magnitude Calculation 
During single line to ground fault following equation is obtained. To check the test system efficiency and also 
the robustness by varying the length of the transmission line as 50 km, 100 km and 200 km, and also by chang-
ing the load angle. If any line to line fault occurs in the power system then the time taken fault occurring is more 
due to the presence harmonics components. This is because of mutual impedance between the phases. Hence the 
derived equations under the line to line fault condition: 

Similarly for line to line ground fault occurs at any point in a test system. Let we consider fault occur between 
the two phases as b and c, then the following are the equations derived during fault in a transmission line as 
given. The analysis of this different type of symmetrical components is used for the identification of nature of 
fault. During normal condition or any symmetrical fault conditions the zero sequence components and negative 
sequence currents are nearly equal to zero. The above procedure is used to classify the faults, in the three phase 
to ground fault in the beginning of the fault there will be presence of inverse and homopolar component current 
and it disappears at the end of the fault. The presence of only negative or inverse components represents the line 
to line fault has occurred in transmission line has been proposed in [12]. Similarly if negative or inverse com-
ponent and zero or homopolar components presents in a transmission line be a double line to ground fault. 

2.5. Basic Consideration of Fault Identification 
Table 1 shows the different types of unsymmetrical faults which occurs in the transmission line. Whereas phase 
fault as the more fault current flow into the system rather than the ground fault. The symbol g represents the 
ground. 

Table 1 shows the fault current magnitude estimated by the fuzzy interference system in an unloaded system. 
Fault occurs at t = 0.04 s to t = 0.24 s and at the middle of the transmission line length (L = 100 km) with fault 
resistance of Rf = 20Ω, the fault magnitude estimated from transmission system is less accurate which is very far 
away from the source. Thus, a complete fault identification and classification module is done using the fuzzy 
logic controller [18]. The Adaline is trained separately for the different single line to ground fault, line to line 
fault and double line to ground fault in Figure 5. 

 

 
Figure 5. Various shunt fault identification.                                                                    
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Table 1. Fault Identification by fuzzy in 100 km line.                                                              

Type of fault Normal |I| in kA Fault|I| in kA 

Phase a-g 8.958 12.473 

Phase b-g 8.8887 14.207 

Phase c-g 8.9533 13.74 

Phase a-b 9.4061 14.654 

Phase b-c 8.956 15.063 

Phase c-a 9.1357 14.087 

Phase a-b-g 9.083 12.615 

Phase b-c-g 9.2432 13.17 

Phase c-a-g 9.369 12.093 

3. Results and Discussion 
3.1. Performance of the FIS 
In this paper to identify the faults in transmission line is based on direct, inverse and homopolar currents. Here 
from 1 to 60 harmonics range is considered. It consists for both odd and even harmonic ranges, the following are 
the various results obtained during line and shunt faults as shown. In Figure 6 is the phase a to ground faults 
which shows the presence of both direct and inverse current components. 

During line faults such as phase a to phase b the current magnitude will be higher than the ground faults. 
Since while any fault occurs on the transmission lines the fault current will flow through the ground and also 
faulted line. Figure 7 shows the double to ground fault as phase a phaseb ground fault. Here we can absorb the 
magnitude of current is less when compare with the line-line faults. Figure 8 shows the Direct current, inverse 
current and homopolar current for phase b c fault. 

3.2. Current Magnitude Calculated by Fuzzy for Faults 
In this system parameters are 200 kV system voltage, source resistance as 0.8929 Ω, source impedance as 16.58 
mH. Here the faults as said to be a power quality variation they are classified as either disturbances or steady 
sate variations. This interferes the normal flow of current is known as fault. In such a condition the fault current 
will tends to move in either through ground or through affected line. Table 2 shows variation of current during 
fault condition, it may be either line fault or ground faults. The efficiency of the Adaline and fuzzy techniques in 
transmission line protection is shown in Table 3. 

4. Conclusions 
The Adaline and fuzzy logic controller is used to separate the oscillating and average powers separately in the 
test system based on the rule base. The fuzzy logic uses the real power, reactive power, direct axis current angle 
and inverse axis current angle as inputs. Based on instantaneous power theory direct and inverse currents are 
computed that is symmetrical components are calculated for fault identification in system. 

Thus various current magnitudes are estimated for different type of unsymmetrical faults based on the instan-
taneous power theory and fuzzy logic controller. The current magnitude for line to line faults such as phase 
a-phase b fault or phase b to phase c faults or phase c to phase a faults is higher than the double line to ground 
faults as phase a to phase b to ground fault and so on. Thus the main objective of project is to identify the faults 
is done. This proposed system based Adaline and fuzzy classifies the various shunt faults and ground faults. 
Thus simulation results show the good performance and the accuracy in identifying the various transmission line  
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Figure 6. Direct current, inverse current and homopolar current for phase a ground fault.                                   

 

 
Figure 7. Direct current, inverse current and homopolar current for phase a b ground fault.                               

 

 
Figure 8. Direct current, inverse current and homopolar current for phase b c fault.                                     
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Table 2. Transmission line fault identification.                                                                 

Current Magnitude 
Normal condition During fault 

Min I (kA) MaxI (kA) Min I (kA) MaxI (kA) 

Phase a 8.9581 10.0639 12.0936 14.6547 

Phase b 8.8827 10.0233 12.0267 15.6329 

Phase c 8.9481 10.3043 11.9689 14.8541 

 
Table 3. Fault current identificaion and comparison.                                                             

S. No Fault Time (s) Type of Fault Adaline Results (P.u) Fuzzy Results (kA) 

1 0.04 SL-G fault 49.58 12.473 

2 0.04 L-L fault 97.21 15.063 

3 0.04 L-L-G fault 73.64 13.170 

 
faults. The fault can be protected by using fuzzy based differential relay and also can verify in the transmission 
system which is subjected any Facts controller and Wind farms are integrated to that system. 
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