
     International Journal of Engineering and Advanced Technology (IJEAT) 
 ISSN: 2249-8958 (Online), Volume-10 Issue-4, April 2021 

 

59 

 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  
© Copyright: All Rights Reserved 

Retrieval Number: 100.1/ijeat.D23550410421 
DOI:10.35940/ijeat.D2355.0410421  
Journal Website: www.ijeat.org 
 

 
    Abstract: The problem of planning local wireless network IEEE 
802.11g consists of automatically positioning and setting up 
wireless access points (APs) in order to provide access to the local 
network with the desired coverage and the required quality of 
service (QOS).In addition to the complexity of predicting the 
Quality of Service (QoS) of a network from the variables of the 
problem (positions, parameters and frequency of the APs), the 
planning of WLAN networks faces several difficulties. In 
particular, the location of APs and the allocation of frequencies. 
There is no single model to solve the problem of designing wireless 
local networks. Depending on the situations and the hypotheses 
studied, different criteria can be considered and expressed in 
terms of constraints to be observed or in terms of objectives to be 
optimized. The first distinction is to separate the financial criteria 
from the network quality criteria. The nature of these two criteria 
being fundamentally different. Then there are a variety of service 
quality criteria, but we can still group them into three main 
categories: coverage criteria, interference criteria and capacity 
criteria.. In this article, we will use an optimization method based 
on an algorithm of stochastic optimization, which is also based on 
the mechanisms of natural selection and of genetic. It is genetic 
algorithm. Our goal consist of minimizing the total interaction 
between the APs to perform the good choices when deploying a 
network 802.11g in a way that gives users signal-to-interference 
ratios (SIR) greater than the required threshold ß. 

Keywords: Access point, optimization, genetic algorithm, 
frequency assignment, power management, load balancing, and 
signal-to-interference ratio 

I. INTRODUCTION 

WLANs don’t consist a new concept, they have existed 

since 1997. In the beginning, the 802.11 networks offer an 
internet speed lower than 1 Mbps. The adoption of 802.11b in 
1999 pushed the limit to11 Mbps, it made it in a competition 
with wired Ethernet that offers 10 Mbps [1]. However, 
802.11a and 802.11g offer an internet speed that can reach a 
54 Mbps [2], a threat for Fast wired Ethernet.  
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Even though wireless networks under the norm of 802.11 
have a LAN topology, technicians will have to face a new 
problem of planning and optimization whose variables are the 
set of possible configurations of access points (APs) 
(frequency, power and load balancing) [3]. The first problem 
that was encountered and dealt with is the assignment of 
frequency which means the attribution of frequencies  of all 
APs while minimizing interference between them, as well as 
providing users with signal-to-interference ratios (SIR) higher 
than the required threshold ß [4]. This planning problem is 
formulated within the framework of integer linear 
programming (ILP) [5]. In this research, We have extended 
the work presented of (Haidar 2008 and Boulmalf 2009) 
[6][7] proposing a stochastic optimization method  which 
assigns channels to the AP based on minimizing total 
interference between APs, while maintaining the SIR superior 
a certain threshold β. This article is organized as follows; 

we’re discussing the interferences of channels in IEEE 802.11 

in chapter 2 and 3. Then, we will present the attribution model 
of frequencies. Our optimization method is discussed in 
section 4. In section 5, we will present the problem of 
optimization and its mathematical formula, we will analyze 
and discuss the results obtained on a proposed scenario in 
section 6. Finally, in section 7, we will shortly present our 
future work.  

II.  INTERFERENCES IN IEEE 802.11 

The research lead by (Henty 2001) [8] have shown that the 
speed changes when access points or the users are located 
near a transmitter, which causes interferences (problems of 
site planning). Data rate may also be limited due to a number 
of specific factors, especially: the distance between WLAN 
adapters: APs and network interference cards (NIC), 
transmission power level and waveguide effect [9]. 
Therefore, even if the new available products 802.11g are 
able to assure a signal rate of 54 Mbps, in practice, the actual 
speed is more likely to be much lower (in the range of 10 to 12 
Mbps). In the results given by (Boulmalf 2008) [7] we see that 
the interference of Co-channel causes a weakening in TCP 
throughput in the order of 9Mbps to 2 Mbps and UDP from 
9.7 Mbps to 8.6 Mbps.  

III. CHANNEL OVERLAPPING IN IEEE 802.11G 

In IEEE 802.11g standard there are 13 channels [10]. As 
illustrated in figure 1, channels 1, 6 and 11 do not interfere, 
nevertheless,  
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channel 1 which has a band of 2,402 GHz à 2,424 GHz 
crosses from channel 2 to 5. Each channel has a bandwidth of 
22 MHz. If this bandwidth is used with other access points, an 
overlap of frequencies then creates disturbances [11][12]. 

 
Fig. 1. channels in IEEE 802.11g 

The center of two frequencies of two adjacent channels is only 
separated by a distance of 5 MHz. The interference 
coefficient is given by the following formula: 
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If Cj where the channel is attributed at APJ, Ck is the affected 
channel at APk, n is the non-accumulation of the two parts of 
the adjacent channels and is equal to 5.The propagation model 
used in our study is as follows, (Julian 2002): 
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Where Pr is the received power, P is the transmitted power, d  
is the distance between the transmitter and receiver, d0 is the 
reference distance for far-field antennas, often taken to ensure 

that the normalization constant K (d0)
  is equal to 1. On the 

other hand the exponent of path loss γ is generally between 2 

and 6, for the majority of interior and exterior environments. 
Model (2) was modified by (Aouam 2009) [22] so that it takes 
into consideration the interference coefficient a . 
                                                    (3) 
Such as :   
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is the interference degree between two APs:   j and k. 

so



 jk  0,1,2,3,4,5 , 0 means no interference and 5 refers 

to the bigger interference degree. If two APs use the same 
channel (co_channel) Cj equal Ck, 



 jk  = 5 . 

IV. FREQUENCY ASSIGNMENT PROBLEM 

The problem of channel assignment that we are going to 
study consists of choosing an optimal assignment of APs 
frequencies in a way that the total interference between the 
APs is reduced to a minimum, while ensuring that for each 
user, SIR should be greater than a preselected threshold which 
reflects good quality of service in the network. 
The problem of optimal assignment of channels can be settled 
in the following mathematical formula: 
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Such as: 
C = { C1, C2 ,……………….Ck} 

                   k is the set of Aps 
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Such as : 
I : objective function of total interference. 
Ijk: interference between APj and APk 

PJK: power transmitted by APk. 

djk : distance between APj and APk 
NAP : number of access points to be installed 
α : interference coefficient between APj and APk 

    Such as :  α = 5*max (0,1- )
5

CkCj 
 

C : set of Cj channels such as: 
     j= {1, 2,3,……, NAP}       
Cj : assigned channel to APj 
β: The minimal threshold of SIR required 
The inequalities (5) assure that, for each user i, the SIR either 
greater than at the constant β. 
j in equation (5) refers to the AP and the i to the user who is 
connected to the APj.. 

V. GENETIC ALGORITHMS 

A. Principle of the genetic algorithms 

Genetic algorithms are stochastic optimization methods 
defined by J. HOLLAND and his colleagues in  
1975 [15]. They are based on natural and biological process:  
The evolution of living species. This evolves thanks to two 
mechanisms: natural selection and reproduction. Genetic 
algorithms search for the extremum or the extrema of a 
function defined by a given space [13][14]. To use them, we 
must have the following five elements: 
    A basis of population element coding. This step 

associates to each point in the state space a data structure. 
    A mechanism for generating the initial population. This 

mechanism should be able to produce a population of 
inhomogenous individuals that will 
serve as a base for future 
generations.   
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    The choice of the people is important because it makes 
the convergence   towards the global optimum more or 
less rapid.  

   A function to be optimized, called fitness function or 
individual evaluation function. 

   Operators making it possible to diversify the population 
over the generations and to explore the research space. 

   Sizing parameters: people’s number, total number of 

generations, probabilities of application of genetic 
operators. 

Each individual presents a point in the set of research space to 
which we associate the value of the criterion to be optimized 
[16]. We generate a population of individuals randomly for 
which the genetic algorithm attempts to select the best 
individuals while ensuring an efficient exploration of the 
research space. After the random selection of the two parents 
P1 and P2, we randomly apply the crossover operator with a 
probability Pc that generates two children C1 and C2 (Fig.1).  
We then modify certain genes of C1 and C2 by applying the 
mutation operator Pm, which produces two new individuals 
C1' and C2 ' (Fig.2) for which we assess the level of 
adaptation before inserting them into the new population. 
Unlike reproduction and crossbreeding promotes 
intensification, the mutation operator promotes the 
diversification of individuals [17]. We reiterates the selection, 
crossover and mutation operators in order to complete a new 
population, this completes the process of developing a 
generation. We redo again the previous operations till a stop 
criterion is met. 

 
Fig. 2. Crossover and mutation operations 

B. Organizational Chart of Genetic Algorithms 

This organization chart explains all the steps to resolve the 
problem of frequency assignment. The Genetic Algorithm 
starts off with an initial population and it is followed by 
Selection, Crossover and Mutation processes. 

 
 
 
 
 

 

 
Fig. 3. Steps followed  to resolve the FAP 

C. Penalty Function 

We will use the penalty method [20] to transform the 
original constrained problem into an unconstrained auxiliary 
problem where the minimum is the same in both cases [21]. 
The basic principle consists of modifying the criterion by 
adding a penalization function while using method 4 proposed 
by [Michalewicz and Attia 1994] 
The new objective function is as follows: 
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With: 
R = Penalty coefficient fixed at a constant value 0.2  
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D. Coding Individuals 

In our work we used binary coding. We code the variables 
Cj with binary strings of 4 bits as follows: 
The string 0001 code min Cj=1 
The string 1101 code max Cj=13 
The transformation of a binary string to an integer can be 
executed as follows:  

Cj = 
i

i
ia 



 4
4

1

2     

With: 
     αi = the bit at position i 
E. Algorithm 
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Based on the diagram above related to genetic algorithm, 
we propose an algorithmic approach to solve this 
optimization problem. 
Step 1: initialization  
A uniform distribution of a number of users and an initial 
configuration of APs with power 100mW and random 
frequency assignment 
Step 2: frequency assignment 
Attribution of C Frequencies to the set of APs while 
minimizing interference. 
Step3: power management 
Supposing that the assignment of frequencies is optimal, the 
problem of power management (PMP) will be managed by 
assigning different power levels to the APs. 

VI. ILLUSTRATION  

 Scenario N°1 
Let us consider the802.11g network with 3APs as shown in 

the figure bellow: 

 

Fig. 4. Scenario1: Network with 3 APs  

We can see that the method GA chose the optimal solution 
(C1, C12, C6) with a total of interferences between the 3 APs 
which is zero. 

 Scenario N°2 
We consider the 802.11g network, made of 8 Aps  and we 

limit the set of channels on the three optimal channels (C1, 
C6, C11). 

 
Fig. 5. Scenario2: Network with 8 APs  

In the table below, we present the results of GA compared 
with (Aouam 2009) [22]. 

Table- I: Scenario2 results of GA compared with 

(Aouam 2009) 
AP coordinates (x, y)  
x and y are in meters 

Channel 
(Aouam 2009) 

Channel 

AP1(0,0) C6 C6 
AP2(100,0) C6 C6 

AP3(70,0) C1 C11 

AP4(100,70) C1 C1 

AP5(20,30) C11 C6 

AP6(40, 50) C6 C1 

AP7(65,15) C1 C1 

AP8(80,70) C11 C6 

The assignment of optimal frequency found does not include 
the interference between the channels. In addition, the verage 
SIR is equal to 38 dB with total interferences between APs 
equal to -24,81dBm which reflects a very good quality of 
service, in average. All the users have a SIR higher than10 dB.   

 Scenario N°3 

We consider the 802.11g network with 80 users and 8 APs 
with the set of channels from 1 to 13. 

 
Fig. 6. Scenario 3: Network with 8 APs and 80 users 

The power transmitted by each PA was fixed at 20 dBm (100 
mW). The threshold β is fixed at 10 dB. 

The control of the parameters of the genetic algorithm is 
defined as follows: The initial population is composed of 30 
individuals, the probabilities of crossover and mutation are 
respectively 0.6 and 0.01. Generation number is 300.In the 
table below, we present the results of  AG compared with 
(Aouam 2009) in case of scenario 3. 

Table- 2 :Scenario3 results of GA compared with 
(aouam 2009) 

AP coordinates (x, y)  
x and y are in meters 

Channel 
(Aouam 2009) 

Channel 

AP1(0,0) C6 C4 
AP2(100,0) C6 C2 
AP3(70,0) C1 C11 
AP4(100,70) C1 C12 
AP5(20,30) C11 C8 
AP6(40, 50) C6 C3 
AP7(65,15) C1 C6 
AP8(80,70) C11 C7 
SIR(DB) 10 8.5 

Optimal frequencies assignment found does not include 
interferences between channels. In addition, the average SIR 
is equal to 38 dB with total interferences between APs equal 
to -24.81dBm which reflects a very good quality of service, in 
average all the users have a SIR higher than 8.5 dB. The 
results obtained show the efficiency of genetic algorithm and 
the method which allowed us to use all the available channels 
from 1 to 13 unlike (Aouam 2009), more than that AP3 and 
AP4 are close to each other (table 1), so we can't have the 
same channels (Aouam 2009). This proves the effectiveness 
of the method used. 

 Scenario N°4 

We consider 802.11g network with 80 users and 9 APs as 
shown in the figure below: 
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Fig. 7. Scenario 4: Network with 9 APs and 80 users 

In the table below, we present the results of AG compared 
with (Aouam 2009) in case of scenario 4. 

Table 3: Scenario4 results of GA compared with 
(aouam 2009) 

AP coordinates (x, y)  
x and y are in meters 

Channel 
(Aouam 2009) 

Channel 

AP1 (0, 0) C6 C5    

AP2 (10, 10) C1 C12 

AP3 (20, 0) C11 C1 

AP4 (30, 10) C6 C6 

AP5 (40, 0) C1 C13 

AP 6 (50, 10) C11 C2 

AP7 (60, 0) C6 C8 

AP8 (70, 10) C1 C12 

AP9(80, 0) C11 C1 

Table 3 show that the optimal frequency assignment found 
does not include the interference between the channels. In 
addition, the average SIR is equal to 35 dB with a total 
interference between the APs equal to -26,36dBm which 
reflects a very good quality of service. 

VII. POWER MANAGEMENT PROBLEM 

Supposing that the attribution of frequencies is optimal, the 
problem of power management (PMP) is managed by 
assigning five different power levels to APs, while reducing 
total network interference and ensuring that the required 
quality of service is achieved. In our case, we suggest five 

power levels in (mW)  25.6,5.12,25,50,100Power . 

  MATHEMATICAL FORMULA: 

            












j jk

jkk
jkdPP )7()()( 

 (6) 

Such as:  
I : total interference  
P : set of assigned powers :  
       APs {P1, P2,………....P k}  
        k : number of access points. 
The problem of power management (PMP) can be  
laid in the following form: 

 
                                                                       (7) 
 
With the constraint: 
 
                                             (8) 

Such as I1, it is the total interference found  in the first part of 
our planning (frequencies assignment) 
The new objective function with penalty is as follows: 
 

  
 
 

 
 

Method proposed by [Michalewicz and Attia 1994]. 
With : 
R = Fixed penalty coefficient has a constant value equal to 
0.2. 
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 Scenario N°5 
In this scenario we have fixed the frequencies found in 

scenario 3 with the same number of users. 
The table below shows the results 

Table 4: Scenario5 results  
AP coordinates (x, y)  
x and y are in meters 

Chanel Power (mW) 
 

AP1 (0, 0) C5    100 

AP2 (10, 10) C12 25 

AP3 (20, 0) C1 100 

AP4 (30, 10) C6 100 

AP5 (40, 0) C13 6.25 

AP 6 (50, 10) C2 100 

AP7 (60, 0) C8 25 

AP8 (70, 10) C12 100 

AP9(80, 0) C1 6.25 

Optimal power management reduced the total interference 
between APs. In addition, the average SIR is equal to 38 dB 
with a total of interferences between the APs that is equal to 
-23.81dBm which always reflects a very good quality of 
service.  In average, all users have a SIR that is higher than 8.5 
dB. The results obtained show the efficiency of genetic 
algorithm and the suggested method which allowed us to save 
almost 50% of power. 

VIII. CONCLUSION 

Resolving problems of optimization require strong, 
efficient and flexible methods. In order to overcome the 
complexity of the IEEE 802.11g wireless network planning 
problem, the results obtained in this work are promising and 
show the efficiency of the genetic algorithm , on the other 
hand this method has allows us to use all channels available 
from 1 to 13 and also save 50% of energy. 

 The study will not be completed until the resolution of two 
other issues related to the IEEE 802.11g wireless network 
planning:  
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The power management problem (PMP) and the problem 
of balancing of load (LBP). This issues will be handled during 
next works. 
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