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Abstract 
Relays installed to protect transmission lines 
have current inputs, which take phase currents 
via CTs. Almost all modern numerical relays 
are equipped with “Fault Recording” function  
to record the phase currents and/or voltages in 
the event of a power system fault. Recorded 
samples have valuable data about the fault 
location. This paper presents a novel fault 
location algorithm, which utilizes only current 
samples recorded by the relay in the one 
terminal. Recorded samples will be compared 
with the waveforms, which are generated by 
simulation of various conditions of the fault. 
Various conditions include different fault 
locations, fault resistances and equivalent 
models of the source.  Using PSO algorithm, 
the best configuration that has the highest 
matching between sampled data and 
simulated waveforms is specified as the fault 
condition. As a result, the fault location is 
determined with nearly no computational 
error. Extensive simulations carried out in 
SimPowerSystem toolbox of MATALB 
software confirm capability and accuracy of 
proposed method.  

1. Introduction 
Accurate fault location reduces time and costs 
related to the dispatched crews searching to 
find the fault location [1]. Also, provides 
customers and consumers feeding with 
minimal interruption and improves the 
performance of the power system [2]. In most 
papers, fault location methods, which are used 
in the transmission lines, are based on two 
different methodologies [3]: first group is 
related to methods, which use fundamental 
component of voltage and current in order to 
calculate impedance from the fault locator to 
the fault point. These methods are well known 
as impedance methods [4]. Second category is 
related to the algorithms, which utilize 
traveling wave theorem and analyze high 
frequency voltage and/or current traveling 
waves generated by fault occurrence [5, 6]. 
However, some other innovative algorithms 
are presented in papers, which use different 
methods to find the location of fault. For 
example in [7] it is suggested to combine 
travelling wave method and impedance 
measurements. Algorithm presented in [8] 
proposes the application of support vector 
machine in combination with 
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frequencycharacteristics of the measured 
voltage and current transient signals. 
Artificial neural networks are used in [9, 10] 
to calculate the location of fault. 
Matching between sampled data and 
simulated results is presented in some papers. 
In [11] it is proposed to calculate fault 
location by matching voltage sags in multiple 
busses of the system with the simulated 
systems. Algorithm presented in [12] suggests 
matching between during fault voltage and 
current phasors in feeder in addition to 
voltage sag measurement in the remote 
terminal with the simulated networks. 
Similarly, in [13] it is suggested to match the 
during fault current and voltage phasors, with 
simulated waveforms to determine fault 
location.  
This paper presents an innovative algorithm 
based on matching between simulated 
transient waveforms and sampled data. 
Current samples taken in just one terminal 
with low sampling rate of 12 or 16 samples 
per cycle are sufficient. Almost all modern 
numerical relays have fault recorders to 
record current and voltage samples taken from 
transmission lines via CTs and VTs. The 
recording function is used to record the phase 
currents and/or voltages in the event of a 
power system fault, up to several seconds 
[14]. 
Current samples, which are taken by CTs and 
recorded by the relay, are compared to the 
waveforms generated by simulation of 
different conditions of the fault. By iteratively 
posing faults in the system, running 
simulation, and comparing the simulated 
waveforms with the recorded current samples, 
optimal estimation of the fault location is 
obtained. PSO algorithm is applied to find 
optimal estimation. Proposed method uses 
transient waveforms instead of phasors. 
Because of using current samples taken via 
CTs and recorded in relay in just one 
terminal, no additional sampling and 
recording equipments are required and it is 
avoided from data synchronization and 
communication systems, hence, low cost is 
achieved. Fault resistance, fault distance and 

the type of the fault have no effect on the 
accuracy of the algorithm. Both the fault 
location and fault resistance are calculated as 
the results of the algorithm. To evaluate 
operation of the proposed method, a typical 
132 kV single ended transmission line is 
simulated using SimPowerSystem toolbox of 
MATLAB. Simulation results confirm 
capability and accuracy of proposed method.  
 

2. Particle Swarm Optimization [15] 
Particle Swarm Optimization (PSO) is one of 
the population-based evolutionary 
computation techniques. PSO algorithm was 
first introduced by Kennedy and Eberhart in 
1995 [16] and has been used to solve a broad 
range of optimization problems. Starting with 
a randomly initialized population, each 
particle in PSO flies through the searching 
space with a dynamically adjusted velocity. 
The velocity adjustment is based upon the 
historical behaviors of the particles 
themselves as well as their companions. In 
this way, the particles tend to fly towards 
better and better searching areas over the 
searching process. The searching procedure 
based on this concept can be described as: 
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where, 1c and 2c  are constants defined as 
acceleration coefficients; wi is the inertia 
weight factor; 1r  and 2r  are random 
coefficients between zero and 1, xi and pbesti 
represent the ith particle and the best previous 
position of xi, respectively; gbest is the best 
particle among the entire population; vi 
velocity for particle xi. Every particle’s 
position is then evolved according to (2), 
which produces a better position in the 
solution space. Fig. 1 shows an illustration of 
this searching process. The optimization 
process begins with a random value. For each 
generation of particles, the fitness is evaluated 
to find the local best (pbest) and the global 
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best (gbest). The particles’ new velocities and 
positions are calculated according to (1) and 
(2). The process is repeated until reaching 
desired fitness value corresponding to certain 
generation number.  
 

 
Fig. 1. Illustration of PSO searching process [15] 

 
3. Transient Waveform-Matching Fault 
Location Algorithm 
In the event of a power system fault, transient 
current and voltage waveforms are produced. 
Proposed algorithm on this paper, applies a 
transient waveform-matching algorithm to 
find accurate location of fault using samples 
taken from current transient waveforms. 
When the fault is detected, fault recording 
function of the relay is activated to record the 
samples taken from current waveforms via 
CTs.  

 
 

Fig. 2. Transmission line with relay and CT 
 

 
 

Fig. 3. Three phase transient currents for fault at t 
=40 msec and recorded samples in the relay 

 
 

A typical transmission line, which is equipped 
with CTs and such relay is shown in Fig. 2. 
Three phase transient currents caused by 
symmetrical three-phase fault at t = 40 msec 
and sampling process are presented typically 
in Fig. 3. Because of using low sampling rate 
12 or 16 samples per cycle, the algorithm is 
not affected by the core saturation of CTs and 
related high frequency filtering problem. So, 
conventional CTs, which are installed in the 
substations, can be used for this purpose.   
Using recorded current samples, it is possible 
to determine fault location. Various 
conditions of the system including different 
fault location, fault resistance and different 
thevenin equivalent models of the source are 
simulated. Every configuration has its own 
transient current waveforms. Current samples 
are taken from simulated networks and then 
are compared to the real sampled data. The 
best configuration that has the highest 
matching between sampled data and 
simulated waveforms is specified as the fault 
condition. Thereupon, the fault location, fault 
resistance and thevenin equivalent model of 
the source are determined, simultaneously. 
PSO algorithm is used to find the best 
configuration, which is more similar to the 
real fault condition. Fig 4. represents the 
flowchart of proposed algorithm. 
Matching between simulated data and current 
samples, which are recorded in the relay, is 
checked by the fitness function:  

   



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(3)  
where, xi and Ri are fault location and fault 
resistance in ith iteration, respectively. Vi and 
θi are amplitude and angle of the source 
voltage, respectively. Iks and Ikr are simulated 
and real data samples. N is the number of data 
samples taken from the network and recorded 
in the recorder. Computational error for the 
distance calculated as fault location can be 
obtained by:  
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Fig .4. Representation of proposed algorithm 

 
4. Evaluation of Proposed Algorithm  
To evaluate capability and accuracy of the 
proposed algorithm, a 132 kV and 50 Hz 
three-phase transmission line with the length 
of 123 km is simulated using 
SimPowerSystems toolbox of MATLAB 
software. Fig. 5 shows schematic diagram of 
the studied system in the SimPowerSystems 
toolbox of MATLAB software.  

 
Fig. 5. Schematic diagram of the studied system in 

the SimPowerSystems 
 

The transmission line parameters, which are 
used in the simulations, are R = 0.3317 Ω/km, 
L = 1.326 mH/km and C = 8.688 nF/km. The 
equivalent model used for the voltage source 
includes an ideal voltage source with the 
amplitude of 132 kV in series with the 
resistance of R = 13.6 Ω and the inductance of 
L = 0.35 H as the source impedance.  
Various configurations of system for single-, 
double- and three-phase to ground faults, as 
well as for two and three phase faults have 
been simulated. Fault resistances between 
zero and 100 Ω and different fault locations 
are applied and for each configuration, fault 
location is calculated using proposed 
algorithm. For example if a single phase to 
ground fault occurs in distance 31 km from 
terminal, with 19 Ω fault resistance in t = 40 
msec, the three phase currents and recorded 
samples are as shown in the Fig. 6.  
 

 
Fig. 6. Three phase currents and the samples for 
single phase to ground fault in 31 km with 19 Ω 

fault resistance 
 

After that samples are taken from the transient 
current waveforms, the algorithm is started. 
Specified number of systems with random 
configuration including random fault location, 
fault resistance and source parameters are 
simulated as initial population. Fitness 
function (3) is computed for each random 
configuration and the algorithm will be 
repeated until the fitness is minimized and 
reach to the desired accuracy. Fitness function 
calculated in successive iterations for 
mentioned fault condition is shown in Fig. 7. 
It is clear From Fig. 7 that the fitness function 
is minimized near the fault location of 31 km 
and fault resistance of 19 Ω. After 100 
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iterations, fault location and resistance are 
determined 30.993 km and 19.3492 Ω, 
respectively. Where determined fault location 
has 0.006 % computational error.  
 

 
 

Fig. 7. Fitness function for fault occured in 77 km 
with fault resistance of 62 Ω 

 
For another example if three-phase to ground 
fault occurs in distance 3 km with fault 
resistance of 2 Ω, fault location is calculated 
3.011km which has less than 0.009 % error 
and fault resistance is calculated 2.159 Ω.  
To demonstrate the effect of different 
parameters on the accuracy of proposed 
algorithm, following subsections discuss 
about the influence of fault resistance, fault 
inception angle, fault location and fault type 
on the algorithm.  

 
 4.1. Influence of fault resistance  
About 80% of the faults occurred in 
transmission lines are single phase to ground 
case [17] which the line is short-circuited to 
the earth without or via a fault resistance. 
Majority of the fault location algorithms take 
effect from fault resistance. To evaluate the 
influence of the fault resistance, simulation 
results for single and double-phase to ground 
faults occurred in distance 87 km of 
transmission line with different fault 
resistances are presented in Table 1. It is clear 
from results presented in Table 1, that the 
fault resistance has no significant effect on the 
accuracy of the proposed algorithm. 

4.2. Effect of fault distance 
To investigate the effect of fault distance on 
the accuracy of proposed method, results for 
single-, double- and three-phase to ground 
faults occurred in different distances on the 
transmission line with zero fault resistance are 
shown in Table 2.  

 
Table 1. Influence of fault resistance on the 
accuracy of the proposed method for faults 

occurred in 87 km 

Error 
% 

Calculated 
distance 

Fault 
Resistance Fault type 

0.00087.0000 
Single phase to 

ground -0.00686.99330 
0.01087.01290 
-0.01286.8950 

Double phase to 
ground -0.02186.97330 

-0.02086.97590 
0.00687.0070 

Three phase to 
ground 0.01287.01530 

-0.00286.99790 
 
Table 2. Effect of fault distance on the accuracy of 

proposed method 

Error 
% 

Calculated 
distance 

Actual fault 
distance Fault type 

-0.025 4.969 5 
Single phase to 

ground -0.008 49.990 50 

0.007 100.009 100 

0.014 5.017 5 
Double phase to 

ground 0.000 50.001 50 

0.009 100.011 100 

0.000 5.000 5 
Three phase to 

ground -0.012 49.985 50 

0.017 100.980 100 

 
4.3. Effect of fault type 
The proposed algorithm in this paper is 
capable to find location of various types of 
faults occurred in transmission lines. To 
understand the effect of fault type on the 
accuracy of the proposed method, simulation 
results for single, double- and three-phase to 
ground faults and double and three-phase 
faults occurred with 12 Ω fault resistance are 
presented in Table 3. 
Results in Table 3 confirm that the accuracy 
of the proposed algorithm is similar for 
different types of faults in the transmission 
line. 
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Table 3. Effect of fault type on the accuracy of 
proposed method 

Error 
% 

Calculated 
distance 

Actual fault 
distance Fault type 

0.00415.005 15 
Single phase to 

ground 0.01875.022 75 
0.009115.011 115 
0.01415.017 15 

Double phase 
to ground -0.00274.997 75 

0.004115.005 115 
0.01215.015 15 

Three phase to 
ground -0.00874.990 75 

-0.015114.982 115 
0.02015.024 15 

Double-phase 
fault 0.01875.022 75 

-0.009114.988 115 
-0.01214.985 15 

Three-phases 
fault 0.00075.000 75 

0.006115.007 115 
 
5. Conclusion  
This paper presents a new PSO-based fault 
location algorithm, which is based on the 
matching between transient current samples 
and simulated waveforms. Proposed 
algorithm determines accurate location of the 
fault using current samples recorded by the 
“recorder function” of protection relay. 
Various configurations of network including 
fault location, resistance and source model are 
simulated. Then, recorded samples are 
compared to the simulated waveforms. 
Applying PSO algorithm, the best 
configuration, which has highest matching 
between simulated waveforms and sampled 
data is recognized as the fault condition. 
Because of using current samples taken via 
CTs and recorded by relay in just one 
terminal, in addition to simple structure, no 
additional sampling and recording devices are 
required. Lower price is achieved and no 
communication systems and data 
synchronization is required. Simulation 
results confirm capability and high accuracy 
of the proposed algorithm.  
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