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The smart grid is an electric grid that can deliver electricity in a controlled and two- 

way smart connection from points of generation to active consumers. A communication 
infrastructure is an essential part to the success of the emerging smart grid. A scalable 
and pervasive communication infrastructure is crucial in both construction and operation 
of a smart grid. To deal with the communication problem of smart grids, specifically in-
creasing the speed of data flow, mobile data offloading technique can be used. Perfor-
mance of mobile data offloading depends on the sites of deployed access points. In this 
paper, a novel genetic algorithm with ability to deal with premature convergence to in-
crease the performance of data offloading is presented.      
 
Keywords: smart grids, communication infrastructure, mobile data offloading, genetic al- 
gorithm (GA), fitness function 
 
 

1. INTRODUCTION 
 

New facilities like monitoring devices and communication equipment introduce a 
new generation of distributing systems entitled smart grids. This is an evolution that al-
lows the application of intelligent methods for new functions such as primary feeder re-
configuration, system self-healing, management of different power sources, real-time 
pricing monitoring, demand-side management, power quality improvement [1]. Research 
on smart grid spans a wide spectrum: from technology [2] to economy, marketing, policy 
and legal issues [3]; from power generation, transmission, distribution [4], to load man-
agement, failure diagnosis and recovery [5], and also to the smart meter implementation 
and communications [6]. 

Due to the importance of data flow in smart grids, communication infrastructure can 
be considered as an important part of the smart grid. In fact, a smart grid is characterized 
by the bidirectional connection of electricity and information flows to create an auto-
mated and widely distributed delivery network. In this communication, electricity should 
be transmitted from suppliers to final consumers and data of consumer’s consumption 
has to be gathered and being sent to control unit. It incorporates the legacy of electricity 
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point, otherwise it was unhappy. When a node was unhappy, one unhappy request was 
added to the list of unhappy requests at that point. After finding the number of requests at 
each candidate point, access points were placed in some of candidate points based on 
considered threshold level. Bulut et al. [13] introduced a greedy algorithm to find appro-
priate places for access point’s deployment. They divided workplace into some grids and 
placed access points in grids with highest requests from users. Moreover, they solved a 
sub-problem like the main one at each grid to find the best place in each grid for deploy-
ing an access point. They selected some candidate points at each grid and evaluated 
which point is the best one to deploy the access point. Kim et al. [15] focused on finding 
the minimum number of needed access points in overlay networks. To achieve their aim, 
firstly, they set the target average per-user throughput and then they found a minimum 
number of access points based on a mathematical model. 

3. DESCRIPTION OF THE PROBLEM AND THE PROPOSED METHOD 

Section 3.1 describes the main problem of this paper and a novel genetic algorithm 
(MRGA) is proposed in section 3.2 to solve the problem. 

3.1 Problem Definition  

The problem which we are concerned can be described as follows: there is a work-
place with a predefined number of data collectors and some potential places for deploy-
ing access points which are distributed throughout the workplace. Also, there are differ-
ent types of access points with different coverage ranges and costs. Different access 
points can be deployed to each potential place without any restriction. Finding the best 
places for deploying access points is the main goal of this paper. Deploying access points 
to the best places will lead to highest possible coverage rate along with the lowest possi-
ble cost. So to evaluate the answers, two factors should be considered; Cost and Cover. 
 
 Cost: Different types of access point (AP) with different cover ranges are used in this 

research. Obviously, the access points with higher coverage ranges are more expensive 
than access points with lower coverage ranges. The factor determines the total costs of 
all hired access points in the workplace. 

 Cover: This factor calculates the number of data collectors that are in range of at least 
one access point. The value of the factor would be the ideal if we be able to cover all 
data collectors. 

 
There are two important restrictions on this problem. Firstly, it has to be considered 

that at most one access point can be deployed at each potential place. It means, we can 
deploy one access point in a potential place or leave it empty. Secondly, overlap has to be 
removed in Cover calculation. It means that, data collectors which are covered by differ-
ent access points have to be counted only one time. 

3.2 Proposed Genetic Algorithm 

Even though, genetic algorithm can be used to solve the problem, this algorithm 
needs to be modified for the better performance due to classic drawbacks of the algo-
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and a predefined threshold, selection operator is divided into two sections. Algorithm 1 
shows the proposed selection operator. 
 
 Selection 1: if the variance value of population is less than predefined parameter  and 

also iteration number is less than 75% of total iterations, the population has a great 
chance to trap in convergence because the diversity of the population is low and the 
population is filled by similar chromosomes. In this case, we do not run selection be-
cause using selection strategies based on fitness values can easily lead to premature 
convergence. So, selected population is current population. 

 Selection 2: when the variance of the population is not less than α or iteration number 
is more than 75% of all iterations, we use Roulette wheel selection strategy. In Roulette 
wheel strategy, a value as the selection probability is given to each chromosome ac-
cording to Eq. (2) and chromosomes will be selected based on selection probability. 

1

( )
 ( ) i

i N

j
j

Fitness CH
Selection probability CH

CH





    (2) 

Algorithm 1: Selection 
Begin 

 = predefined threshold 
M = total iteration number 
Compute variance of chromosomes fitness 
if (variance < ) and (iteration number < 3/4M) then 

  Do not change population; 
else 
    Compute selection probability; 
    Use roulette wheel strategy; 

end if 
End 
 
(D) Crossover 

The goal of the crossover is to obtain better offspring by making use of the parental 
information. We use two-point crossover strategy in the proposed method. In this strate-
gy, two points of the parents will be selected in a random way and then the values of 
genes between these two points will be substituted in two parents and two children will 
be made. Crossover operation will be done on two parents by considering the probability 
Pc. 

 
(E) Mutation 

The mutation operator further carries out some adjustments for a parent’s individual 
and gets an offspring. It can increase the diversity of the population and is helpful to 
jump out local optimal solutions. To increase the performance of mutation, we define 
mutation distance (MD) as a new criterion in mutation operator. The definition of muta-
tion distance for chromosome CHi is presented in Eq. (3).  

( _ )i iMD fitt muted CH average      (3) 
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best chromosome in the last generation. 
 
(C) Framework of MRGA 

We proposed our new genetic algorithm based on defined operators. The process of 
the proposed genetic algorithm, MRGA, is shown in algorithm 2. According to the prob-
lem complexity, occurrence of the cited conditions in selection 1 is one of the most pos-
sible cases. If it happens, we need more diversity in the population. So, in MRGA, we 
use mutation 2 without considering selection, crossover, and Pm. We expect that omitting 
Pm to bring us an improvement in diversity of population. 

 

Algorithm 2: MRGA 
Begin 
   M = total iteration number 
   Pc = Crossover probability 
   Pm = Mutation probability 
    = Number of candidates in mutation 
    = predefined threshold 
   Generate initial population randomly; 
   j = 1; 

while j < M do 
 Evaluate fitness value of chromosomes; 
 Compute variance of fitness values; 

         if (variance < ) and (j < 3/4M) then 
Use selection 1;  
Use mutation 2 based on ; 
 j = j+1; 

else 
Use selection 2;   
Use crossover based on Pc; 
Use mutation 1 based on Pm and µ; 
Use replacement strategy;  
j = j+1;  

end if 
end while 

End 
 

Premature convergence is an abnormal state that can happen for genetic algorithm 
during iterations. We suggest a practical way to tackle this problem. However, in the 
normal conditions, the proposed genetic algorithm works based on the classic version 
with new designed mutation strategy. 

4. EXPERIMENTAL RESULTS 

In this paper, a new genetic algorithm to increase quality of data flow in smart grids 
is designed. To evaluate the performance of the proposed approach, this method is im-
plemented in Matlab on a computer with 2.00 GHz Intel core i7 CPU. Two groups of 
parameters, namely public and genetic have to be defined for implementation.   
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