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Abstract. This paper proposes a novel fault location technique for transmission 

lines of a power system which is based on the language of an optimization prob-

lem. A modified artificial bee colony (ABC) algorithm is presented to resolve 

this optimization problem. The three line fault (L-L-L), three lines to ground fault 

(L-L-L-G), double line fault (L-L), double lines to ground fault (L-L-G) and sin-

gle line to ground fault (L-G); asynchronous angle of the two-terminal data; and 

distances to various fault positions are assumed in this paper. Numerical results 

demonstrate the efficiency of the modified ABC algorithm in the asynchronous 

angle estimation and the fault location of transmission lines of the power system. 

Additionally, the results of using the modified ABC algorithm are also compared 

with those of using other existing algorithms showing the superiority of the pro-

posed algorithm in the applications of the asynchronous angle estimation and the 

fault location. 

Keywords: Fault Location, Transmission Line, Artificial Bee Colony Algo-

rithm. 

1 Introduction 

The transmission line is considered as one of the important elements of the grid in par-

ticular and the power system in general. During the operation of the power system, the 

faults of the short-circuit incident on the transmission lines are inevitable. This leads to 

a short or long term power outage which will cause damages to the electricity consum-

ers in particular and the economy and society in general. Because of these reasons, the 

accurate fault location problem of the transmission lines is always important in the 

power systems. The more accurate and faster the faults are located, the faster the power 

system returns to the steady-state by reducing the time of repairing the transmission 

lines as well as decreasing the power outages. This leads to an increase in the reliability 

of the power system.  

Currently, there are several techniques for locating the short-circuit faults of the trans-

mission lines of the power system including the fault location techniques based on the 
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one-terminal data utilization of the transmission line [1]-[4] and the fault location tech-

niques based on the two-terminal data utilization of the transmission line [5]-[8]. Under 

the one-terminal data utilization of the transmission line, this technique relies on the 

Thevenin impedance, fault incidence angle, and fault resistance whereas under the two-

terminal data utilization of the transmission line, the sampled data are asynchronous in 

the two terminals that will affect the fault location result. Otherwise, the additional cost 

can be increased by using synchronizers. It is obvious that each technique of the fault 

location of the transmission lines has its advantages and disadvantages. Recently, a fault 

location technique for the transmission lines of the power system based on a language 

of an optimization problem has been introduced [9]-[12]. The meta-heuristic algorithms 

have been applied to solve and overcome the disadvantages of the above existing tech-

niques for the fault location of the transmission line of the power systems. The meta-

heuristic algorithms consist of a cuckoo search (CS) algorithm [9], a whale optimization 

algorithm (WOA) [10], a genetic algorithm (GA) [11], a teaching - learning based op-

timization (TLBO) algorithm [12]. 

This paper proposes a novel application of a modified artificial bee colony (ABC) al-

gorithm for solving the fault location of transmission lines. The modified ABC algo-

rithm is a variant of the ABC algorithm being a combination of the ABC algorithm and 

PSO algorithm [13]. The asynchronous angle of the sampled data is estimated and the 

fault on the transmission line is located by using the modified ABC algorithm. Obvi-

ously, the proposal does not require the additional cost of synchronizers. This also helps 

to improve the accuracy of the fault location results. The L-L-L, L-L-L-G, L-L, L-L-G, 

and L-G are considered in this paper. Numerical results validate the efficiency of the 

modified ABC algorithm in the fault location of the transmission lines of the power 

system. Furthermore, the results of using the modified ABC algorithm are also com-

pared with those of using other existing algorithms such as the impedance based method 

(IBM) and the ABC algorithm.  

The remainder of this paper is organized as follows. The mathematical model of the 

fault location of transmission lines is described in Section 2. A novel application of the 

modified ABC algorithm for the fault location of the transmission lines is presented in 

Section 3. The numerical results follow to validate the proposal in Section 4. Finally, 

the advantages of the novel application are presented through the comparison with other 

existing algorithms. 

2 Mathematical Model of The Fault Location 

 

Fig. 1.  Single-phase diagram of the faulted three-phase transmission line. 

The three-phase transmission line is described under the single-phase diagram as in Fig. 

1. The S and R are the sending and receiving terminals of the single-phase diagram. It 

S F R iS(t) 

iF(t) 

iR(t) 

uS(t) uF(t) uR(t) 
x 



3 

is assumed that a fault is occurred at F on the transmission line with a distance, x from 

S. 

 

Fig. 2.  Faulted transmission line model for the nth symmetrical component. 

Fig. 2 is the faulted transmission line model for the nth symmetrical component [14]. 

The voltages at F for the nth symmetrical component, viewed from S and R are: 
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where 

n: the nth symmetrical component (n=1, 2 and 0: the positive, negative and zero se-

quences respectively); 

VSn and VRn: the voltages at S and R for the nth symmetrical component; 

ISn and IRn: the currents at S and R for the nth symmetrical component; 

zCn: the surge impedance for the nth symmetrical component; 

z’Ln: the line’s series impedance per unit length for the nth symmetrical component; 

y’Ln: the line’s shunt admittance per unit length for the nth symmetrical component; 

n: the line’s propagation constant for the nth symmetrical component; 

: the asynchronous angle of the two-terminal data; 

x: the distance from S to F; 

l: the length of the transmission line. 

The fault location problem is then determined as the minimization problem with the 

objective function and constraints as follows. 

The objective function is: 

 ( ) ( ) ( )xVxVxF R
Fn

S
Fn −=  ,,  (5) 

The constraints are:  

 lx 0  (6) 
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A novel application of the modified ABC algorithm is proposed to locate faults on the 

transmission lines which is presented more details in the section 3.  

The error percentage, e of the fault location is: 

 %100
−

=
l

xx
e

a
 (8) 

where xa: the actual distance from S to F. 

3 Modified ABC Algorithm based Fault Location 

The ABC algorithm is inspired from the foraging behaviour of bees in nature proposed 

by Karaboga in 2005 [15]. It is assumed that the employed bee, the onlooker bee, and 

the scout bees are three artificial bee kinds in the colony utilized in the ABC algorithm. 

The ABC algorithm is popularly used to resolve optimization problems. 

The ABC algorithm initializes the N sites of the random food source. Each site or each 

solution represents an employed bee.  

The solution is: 

 ( ) ( )minmaxmin 1,0 ijijijij xxrandxx −+=  (9) 

where 

xij: the ith solution of the jth asynchronous angle and faulted location, i = 1, 2, ..., N, and 

j = 1, 2, ..., M; 

xij
max, xij

min: the upper and lower bounds of asynchronous angle and faulted location; 

N: the number of employed bees corresponding to the number of solutions; 

M: the number of estimated parameters, M = 2. The distance to fault location, x and the 

asynchronous angle of the two-terminal data,  are two parameters estimated for the 

fault location of the transmission line of the power system in this paper. 

Then each employed bee generates a modified food source depending on a neighbour-

hood of the present food source, and evaluates the quality of the food sources.   

When the employed bee group completes the search, it shares its information related to 

the food amounts and positions with the onlooker bee group on the dance area.  

An onlooker bee evaluates the food information taken from all employed bees and 

chooses a food source site with a probability related to its food amount.  

In this paper, the roulette wheel selection technique is applied to choose the food source 

site which has a higher probability of fitness function, pi. 

The probability of the fitness function is: 

 


=

=
N

i

i

i
i
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Fitness
p

1

 (10) 

An onlooker bee evaluates the food information taken from all the employed bees and 

selects a food source, Xi depending on its probability value, pi. 

If a food source, Xi cannot be further improved through a predetermined number of 

trials, Lim, the food source is assumed to be abandoned. Then the corresponding 
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employed bee becomes a scout bee. The scout bee randomly generates a food source as 

(9). The flowchart of the ABC algorithm is shown in Fig. 3. 

The predetermined trial number is: 

 MNLim =  (11) 

It is realized that both the exploration and exploitation abilities are necessary for the 

population based algorithms. In order to achieve a good optimization performance, the 

balance approach of these two abilities is extremely important.  

In the ABC algorithm, the employed bees explore the new food source and send the 

information to the onlooker bees, whereas the onlooker bees exploit the food sources 

which are explored by the employed bees. It is obvious that the employed bee stage 

represents the exploration ability and the onlooker bee stage represents the exploitation 

ability. The search equation of the ABC algorithm is good at the exploration but poor 

at exploitation. This certainly affects the convergence speed of the ABC algorithm. It 

is inspired by the particle swarm optimization (PSO) algorithm. The modified ABC 

algorithm is introduced for improving the exploitation of the ABC algorithm which is 

the combination between the ABC and PSO algorithms [16]. The PSO-ABC algorithm, 

called the modified ABC algorithm will take the advantages of the PSO’s search pro-

cess. Then the global best solution will be considered in the new search equation in the 

onlooker bee stage.  

The search is modified and re-written in the onlooker bee stage as follows: 

 ( )ijjijijij xyxv −+=   (12)   

 where 

yj: the jth parameter of the global best solution; 

ij: the uniformly distributed random number, ij  [0, 1.5].   

The modified ABC algorithm is proposed to estimate the asynchronous angle and locate 

the fault on the transmission line of the power system. 

4 Numerical Result 

The modified ABC algorithm is proposed to estimate the asynchronous angles and lo-

cate the various faults on the transmission line. The transmission line parameters are in 

Table 1 [17]. The faults are supposed at each 40-km of the transmission line length with 

the sample rate, 100 samples per cycle and the fault impedance, 15 . The L-L-L, L-

L-L-G, L-L, L-L-G, and L-G faults are assumed in this paper. The modified ABC al-

gorithm based fault location results are compared to other fault location results using 

the IBM and ABC algorithm to confirm the effectiveness of the proposal.  

Table 2 is the parameters of the ABC and modified ABC algorithms. The difference 

between these two algorithms is in the new search equation of the onlooker bee stage 

based on the PSO algorithm.  

Tables 3-7 show that the errors of the asynchronous angle and fault location via using 

the modified ABC algorithm are always smaller than those via using the IBM and ABC 

algorithm under the L-L-L, L-L-L-G, L-L, L-L-G, and L-G faults. The error percent-

ages of the asynchronous angle are always less than 0.2%. This results in the error per-

centages of the fault location which are always less than 0.02%. This error percentage 



6 

is equivalent to the distance, 40 m of the transmission line length, 200 km. It is obvious 

that the precise estimation result of the asynchronous angle has helped to improve the 

fault location result.       

Furthermore, Figures 4-8 and Table 8 show that the convergence value and iteration 

number of the modified ABC algorithm are always better than those of the ABC algo-

rithm. 

Table 1.  Transmission line parameters. 

Parameter l 

(km) 

V 

(kV) 

Z’
L1 

(/km) 

Z’
L0 

(/km) 

C’
L1 

(nF/km) 

C’
L0 

(nF/km) 

Value 200 500 0.01273+j0.3520 0.3864+j1.5557 12.74 7.751 

Table 2.  ABC and modified ABC algorithm parameters. 

Algorithm Parameter 

ABC 

- The population size, N = 50; 

- The maximum iteration number, Itermax = 500; 

- The search equation in the onlooker bee stage is the equation (9). 

Modified ABC 

- The population size, N = 50; 

- The maximum iteration number, Itermax = 500; 

- The search equation in the onlooker bee stage is the equation (12). 

Table 3.  Location result of L-L-L faults. 

L-L-L fault 

Scenario 
 (0) 20.00 15.00 10.00 5.00 

x (km) 40.00 80.00 120.00 160.00 

IBM 

 (0) 20.87 14.41 10.42 5.22 

 (%) 4.35 3.93 4.20 4.40 

x (km) 42.06 78.09 117.96 162.11 

x (%) 1.03 0.95 1.02 1.06 

ABC 

 (0) 20.29 15.26 10.18 5.07 

 (%) 1.45 1.73 1.80 1.40 

x (km) 40.95 79.15 118.80 161.36 

x (%) 0.48 0.42 0.60 0.68 

Modified ABC 

 (0) 19.96 14.95 10.05 4.98 

 (%) 0.20 0.33 0.50 0.40 

x (km) 40.12 79.97 120.08 160.06 

x (%) 0.06 0.02 0.04 0.03 
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Table 4.  Location result of L-L-L-G faults. 

L-L-L-G fault 

Scenario 
 (0) 20.00 15.00 10.00 5.00 

x (km) 40.00 80.00 120.00 160.00 

IBM 

 (0) 20.90 14.31 10.53 5.20 

 (%) 4.50 4.60 5.30 4.00 

x (km) 42.16 77.88 118.06 162.09 

x (%) 1.08 1.06 0.97 1.05 

ABC 

 (0) 20.37 15.29 10.19 5.08 

 (%) 1.85 1.93 1.90 1.60 

x (km) 40.89 79.18 119.02 161.16 

x (%) 0.45 0.41 0.49 0.58 

Modified ABC 

 (0) 19.91 14.93 9.96 5.02 

 (%) 0.45 0.47 0.40 0.40 

x (km) 39.88 79.89 119.89 159.96 

x (%) 0.06 0.05 0.05 0.02 

Table 5.  Location result of L-L faults. 

L-L fault 

Scenario 
 (0) 20.00 15.00 10.00 5.00 

x (km) 40.00 80.00 120.00 160.00 

IBM 

 (0) 20.96 14.37 10.49 5.22 

 (%) 4.80 4.20 4.90 4.40 

x (km) 42.22 78.08 121.96 158.09 

x (%) 1.11 0.96 0.98 0.95 

ABC 

 (0) 20.20 15.19 10.11 4.95 

 (%) 1.00 1.27 1.10 1.00 

x (km) 40.90 80.85 121.02 159.02 

x (%) 0.45 0.42 0.51 0.49 

Modified ABC 

 (0) 20.11 14.91 9.94 4.98 

 (%) 0.55 0.60 0.60 0.40 

x (km) 39.91 80.12 119.92 160.11 

x (%) 0.05 0.06 0.04 0.06 
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Table 6.  Location result of L-L-G faults. 

L-L-G fault 

Scenario 
 (0) 20.00 15.00 10.00 5.00 

x (km) 40.00 80.00 120.00 160.00 

IBM 

 (0) 21.01 14.20 9.45 4.73 

 (%) 5.05 5.33 5.50 5.40 

x (km) 38.01 77.89 122.06 161.95 

x (%) 1.00 1.06 1.03 0.97 

ABC 

 (0) 19.78 14.86 10.12 5.05 

 (%) 1.10 0.93 1.20 1.00 

x (km) 41.09 79.02 119.05 161.20 

x (%) 0.55 0.49 0.48 0.60 

Modified ABC 

 (0) 19.91 15.06 10.05 5.02 

 (%) 0.45 0.40 0.50 0.40 

x (km) 40.08 79.88 120.10 159.91 

x (%) 0.04 0.06 0.05 0.05 

Table 7.  Location result of L-G faults. 

L-G fault 

Scenario 
 (0) 20.00 15.00 10.00 5.00 

x (km) 40.00 80.00 120.00 160.00 

IBM 

 (0) 18.89 15.79 10.52 5.27 

 (%) 5.55 5.27 5.20 5.40 

x (km) 42.06 77.91 118.12 157.98 

x (%) 1.03 1.05 0.94 1.01 

ABC 

 (0) 20.21 15.16 9.89 5.05 

 (%) 1.05 1.07 1.10 1.00 

x (km) 39.12 80.79 120.97 159.13 

x (%) 0.44 0.40 0.48 0.44 

Modified ABC 

 (0) 20.10 15.09 9.95 4.98 

 (%) 0.50 0.60 0.50 0.40 

x (km) 39.90 80.12 119.96 160.06 

x (%) 0.05 0.06 0.02 0.03 

Table 8.  Convergence value and iteration number of the ABC and modified ABC algorithms 

for the location of the L-L-L, L-L-L-G, L-L, L-L-G and L-G faults. 

Fault type 

ABC Modified ABC 

Convergence 

value 

Convergence 

iteration 

number 

Convergence 

value 

 

Convergence 

iteration 

number 

L-L-L 0.049 282 0.00012 123 

L-L-L-G 0.053 321 0.00026 143 

L-L 0.030 268 0.00023 137 

L-L-G 0.054 286 0.00051 138 

L-G 0.036 263 0.00035 141 
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Fig. 3.  Flowchart of the ABC algorithm. 

Initialize food sources, xij 
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Are food sources 
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Yes 
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Yes Generate new food sources to replace 

the blocked ones 

Evaluate the best food source 
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food source 
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No 

Yes 

Stop 

No 

Start 
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Fig. 4.  Convergence characteristics of the ABC and modified ABC algorithms for the L-L-L 

fault location at x = 40 km and  = 200. 

 

Fig. 5.  Convergence characteristics of the ABC and modified ABC algorithms for the L-L-L-G 

fault location at x = 40 km and  = 200. 

 

Fig. 6.  Convergence characteristics of the ABC and modified ABC algorithms for the L-L fault 

location at x = 40 km and  = 200. 
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Fig. 7.  Convergence characteristics of the ABC and modified ABC algorithms for the L-L-G 

fault location at x = 40 km and  = 200. 

 

Fig. 8.  Convergence characteristics of the ABC and modified ABC algorithms for the L-G 

fault location at x = 40 km and  = 200. 

5 Conclusion 

This paper proposed the novel application of the modified ABC algorithm for the fault 

location of the transmission line of the power system with the L-L-L, L-L-L-G, L-L, L-

L-G and L-G faults. The modified ABC algorithm is a variant of the ABC algorithm 

being a combination of the ABC algorithm and PSO algorithm.  

The asynchronous angle of the sampled data is estimated for the input of the fault loca-

tion by using the modified ABC algorithm. Then it is based on the asynchronous angle, 

the fault is located on the transmission line of the power system. Obviously, this pro-

posed procedure has not required the synchronizer as well as helped to improve the 

accuracy of the fault location result. 

The results obtained confirm the validity of the proposed application. The achieved 

results by using the modified ABC algorithm are always better than those by using the 

ABC algorithm. It is obvious that the modified ABC algorithm based fault location 

approach had the smallest error percentages compared with the IBM and ABC algo-

rithm. 
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