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Electrical power network reconfiguration is an effective approach for enhancing power quality. The 
configuration of the electrical power network is a nonlinear and complicated optimization problem. With 
increasing the demand for electrical energy, many problems have emerged in electrical power network. The 
most important of these problems is a high level of power loss in transmission lines. In this paper, a smart 
technique based on a genetic algorithm is suggested to reduce the power loss in transmission lines. The 
proposed method uses a genetic algorithm to reconfigure the power network. This optimization problem has 
many constraints and limits that be satisfied during the optimization procedure. Also with finding the optimal 
configuration of the power network, the security of the network will be enhanced and the voltage profile will be 
improved significantly. The proposed method is tested on the standard IEEE 19- bus system. The simulation 
results demonstrate the powerfulness of the proposed method. 
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1. Introduction* 

The issue of electrical power network reconfiguration is a 
nonlinear and complicated mathematical problem. This problem 
has many limits and constraints that must be considered during 
the solution method. The best reconfiguration of system has 
many advantages such as power loss reduction, improvement of 
voltage profile and enhancement of power system security. Also 
the findings of optimal system configuration reduce the system 
price significantly. In the reconfiguration of power system, the 
feeder topology arrangement, the status of breakers (open or 
close) and switches status are modified. In majority of published 
papers the reduction of active power loss is considered as main 
target. But in these reported methods, the security of system is 
neglected and in some area the power is cancelled for final 
customer. The most important subject of power network 
companies is the power quality. Therefore the security of system 
during the system reconfiguration is vital subject (Chen et al., 
2015; Zhang et al., 2015).   

In previous works related to power network reconfiguration, 
the main target was power loss reduction and the problem was 
considered as multi objective issue. In modern electrical power 
networks there are many devices and sections such as 
generators, transformers, breakers, transmission lines, 
compensators, FACTS devices and many other devices. For this 
purpose the power network reconfiguration is high order 
mathematical problem and it is very nonlinear and complicated. 
For finding good solution for this nonlinear and complicated 
problem, one powerful solution method is needed. In some cases 
authors and researchers used heuristic techniques for 
reconfiguration of network (Baran and Wu, 1989; Guimaraes et 
al., 2010; Mendoza et al., 2006). The first heuristic method for 
solve the reconfiguration introduced in Baran and Wu (1989). 
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The proposed method in Baran and Wu (1989) started with 
meshed topology of power network. This algorithm and similar 
algorithms were not adequate solution for large power networks. 
These algorithms were adequate only for small and medium 
electrical power networks.  

In next year’s with developing the computer programming 
and algorithms, many new techniques proposed by researchers. 
The nature based optimization algorithms were efficient and 
effective in many fields. These algorithms inspired from the flock 
of animals in searching the food resource in nature. These 
algorithms have good ability in solving of nonlinear and 
complicated optimization problems. For this purpose application 
of this nature based optimization algorithm has been proposed 
by researchers in electrical power network reconfiguration 
(Ozturk et al., 2015).  

With development in computer capability in computing and 
solving nonlinear problem, the solution of this problem is come 
easier. In last decades the nature based optimization algorithms 
are emerged such as genetic algorithm (GA), particle swarm 
optimization (PSO) algorithm, bee's algorithm (BA), imperialist 
competitive algorithm (ICA) and cuckoo optimization algorithm 
(COA) (Liu et al., 2015). One of the most efficient and powerful of 
these algorithms is genetic algorithm. This optimization 
algorithm has many applications in many areas of industrials and 
sciences (Herath et al., 2015). In this paper an intelligent 
technique is proposed for reactive power variable setting.  In 
each optimization algorithm to features are essential: exploration 
and extraction. The exploration feature is the capability of finding 
the global solution's vicinity. The extraction feature is capability 
of optimization algorithm to find the global solution from this 
vicinity. The genetic algorithm has good exploration and 
extraction capability.  Therefore in this study exploration and 
extraction is selected as optimization algorithm.     

In this paper a smart system based on genetic algorithm (GA) 
is proposed for electrical power network reconfiguration. The 
genetic algorithm is an optimization system that models the 
human genetic process in the real world. This algorithm similar 
to other swarm intelligence optimization don’t need to gradient 
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based information. For this feature of nature based optimization 
algorithms, these algorithms are capable to solve nonlinear and 
complicated optimization and mathematical problems. More 
details about the GA are presented in next sections. Also more 
details the regarding the power network and reconfiguration 
concept can be found in Souza et al. (2015).  

2. Genetic algorithm 

In soft computing science, genetic algorithm is an 
optimization algorithm that models the process of natural 

selection in animals and human. The genetic algorithm is used for 
many optimization problems that are very complicated and 
nonlinear. Also genetic algorithm can be used for discrete 
optimization problem. The genetic algorithm is one of the 
evolutionary algorithms (EA) that generate random solutions to 
optimization problems that this procedure is based on natural 
events in human or animal’s life. The genetic algorithm has 
several main operators: elitism, crossover, mutation and roulette 
wheel. The flowchart of genetic algorithm is depicted in Fig. 1.    

 

Start

Generate initial 
population

Calculate fitness of 
individuals

Satisfy stop criterion

Roulette selection of 
parents

Crossover to produce 
children

Mutation of children

Calculate fitness of 
children

New generation by 
 Elitism End

 
 

Fig. 1. GA flowchart. 
 

In the genetic algorithm like other nature based optimization 
algorithms, initial random population is generated. The each 
candidate in initial random population is called chromosome. 
These chromosomes are like particle in particle swarm 
optimization algorithm, bee in bee’s algorithm or countries in 
imperialist competitive algorithm. The chromosomes must be 
generated in predetermined search space. The low boundary and 
maximum boundary of each problem is unique. The optimization 
process starts with initial random population, and in each 
iteration or generation, the fitness function is calculated. Based 

on the evaluated fitness function for each chromosome, the 
elitism and crossover is performed. The chromosomes with high 
level of fitness are randomly chosen from the existing population, 
and each chromosome is modified by crossover operator. The 
new generated population is used in following iteration. The 
same procedure is performed iteratively. In any iteration the 
stopping criteria must be checked. If the stopping criteria are 
satisfied, the algorithm will stop the searching procedure. Fig. 2 
shows the crossover operation. Also Fig. 3 shows the mutation 
operation. Fig. 4 shows the pseudo code of GA.     

http://en.wikipedia.org/wiki/Evolutionary_algorithm
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Fig. 2. Crossover operation. 

 
 

 
Fig. 3. Mutation operation. 

 
 

 
Fig. 4. The pseudo code of GA algorithm. 
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3. Proposed method and simulation results 

In this section the proposed method and obtained computer 
simulation results is presented. All the computer simulations are 
performed in MATLAB software. In the proposed an intelligent 
technique is introduced based on GA to enhance the power 
network by reconfiguration of its topology. The state of 
sectionalizing and tie switches (open/close) are the vital 
parameters in optimization procedure. The optimization 
algorithm must determine the state of these devices. In this 
respect every chromosome is composed of zero and one arrays. 
The number of each chromosome arrays is equal to the number 
of sectionalizing and tie switches in the power system. The 
important issue in this technique is the check of limits and 
constraints. In each proposed random chromosome, the radial 
configuration of system must be satisfied.   

The proposed method is tested on real IEEE standard 19-bus 
system. This system has 25 independent transmission branches, 
18 sectionalizing switches device and 4 tie switches sections. In 
the original power system and without reconfiguration in its 
topology, the real power loss is about 159.3 KW. For reducing the 
amount of real power loss, GA is applied to reconfigure the power 
network topology. In the genetic algorithm the control 
parameters have very vital role in its speed and convergence. For 
this purpose we must select these parameters by accuracy. In GA 
the number of chromosome (n) is indicates the number of all the 
particles that spread in search space in first step. If the value of n 
will be high, then the simulation time will be high. Also if the 
value of n is low, then the probability the convergence of 
optimization algorithm will be low. Thus we will select the n by 
accuracy. Table 1 shows the GA parameters.  

 
Table 1 
GA parameters. 

Parameter Value 
Number of chromosome 30 
Crossover rate 0.75 
Mutation rate 0.25 
Number of iterations 100 

 
Table 2 shows the obtained results from proposed method. 

The obtained results show that the reconfiguration of network 
reduces the power loss significantly. The power loss after 
optimization is 126.2 KW. Also the minimum and maximum 
voltage of two networks is calculated through the simulations. 
The listed results in Table 2 show that the proposed method 

improves voltage profile significantly. Also in Table 3, the voltage 
of all terminals are listed.  

 
Table 2 
Obtained results from proposed method. 

Method 
Power loss 

(KW) 𝑉min 𝑉max 

Original system 159.3 0.91 P.U 1.1 P.U 
GA 126.2 0.989P.U 1.009 P.U 

 

 
Table 3 
The voltage before and after optimization. 

Row Voltage of original system 
Voltage of nodes after 

optimization 

1 𝑉𝑛1 0.921 𝑉𝑛1 0.996 

2 𝑉𝑛2 0.913 𝑉𝑛2 1.003 

3 𝑉𝑛3 0.916 𝑉𝑛3 0.989 

4 𝑉𝑛4 0.911 𝑉𝑛4 0.995 

5 𝑉𝑛5 0.910 𝑉𝑛5 0.991 

6 𝑉𝑛6 0.911 𝑉𝑛6 0.994 

7 𝑉𝑛7 0.921 𝑉𝑛7 1.005 

8 𝑉𝑛8 0.912 𝑉𝑛8 1.002 

9 𝑉𝑛9 0.942 𝑉𝑛9 0.996 

10 𝑉𝑛10 0.926 𝑉𝑛10 0.993 

11 𝑉𝑛11 0.939 𝑉𝑛11 1.009 

12 𝑉𝑛12 0.913 𝑉𝑛12 1.008 

13 𝑉𝑛13 0.925 𝑉𝑛13 0.998 

14 𝑉𝑛14 0.911 𝑉𝑛14 0.993 

15 𝑉𝑛15 0.927 𝑉𝑛15 0.997 

16 𝑉𝑛16 0.905 𝑉𝑛16 0.993 

17 𝑉𝑛17 0.909 𝑉𝑛17 1.001 

18 𝑉𝑛18 0.903 𝑉𝑛18 1.002 

19 𝑉𝑛19 0.918 𝑉𝑛19 1.009 
 

 
In Fig. 5, the bus voltages before and after optimization is 

plotted. It can be seen that the genetic algorithm can improve the 
voltage profile significantly. 

 

 
Fig. 5. Bus voltages before and after optimization. 
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4. Conclusion 

In this paper an intelligent technique based on nature based 
optimization algorithms for power network reconfiguration is 
proposed. The power network reconfiguration can reduce the 
real power loss and enhance the voltage profile. Also power 
network reconfiguration improves the system security. For this 
purpose GA is chosen as optimization algorithm. In each 
optimization algorithm, two main criteria are important: The 
finding of global solution vicinity or exploration and the main 
global solution finding exactly or extraction. The simulation 
results show that the GA has good convergence speed and 
accuracy. The obtained results show that the power network 
reconfiguration using GA has good effects on power loss and 
voltage profile. 
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