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Abstract : In recent years, high-bandwidth and cost-effective wireless network technologies have emerged
as a competition factor in the process of forming its own infrastructure. On the other hand, today’s challenges of
designing an effective layout have become an important problem for public institutions and private companies
with increasing requests. There are some methods to solve this problem. In this study, a new approach based on
a genetic algorithm is proposed to solve the mentioned problem. A simulation is developed to test the success
of the algorithm. The most effective layout design of the access points is constituted by the distance between
the access points and the communication channels used in the developed simulation. The experimental results
obtained showed that the proposed algorithm successfully achieved the challenge of designing an access point
layout in terms of total coverage area and average bandwidth per user. We have obtained experimental results
that the maximum coverage area is 1181.1 m, 1183.6 m and 1148 m, and bandwidth usage is 11, 54 and 248
mbps for 802.11b, 802.11g and 802.11n standards, respectively.
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1 Introduction

Wireless network technologies such as IEEE 802.16 (WiMAX) and IEEE 802.11 (Wifi) are used commonly in almost every field
of life such as home, office, airport, and other open public spaces. These technologies are more popular than cabled technologies
in open public spaces [1]-[7]. Effective usage of wireless networks depends on the quality of a given network service. One of
the most important factors that affect the service quality is a layout of access points to an area in which network service will
be given. While mentioned layouts are relatively easy in case of less access points, the most effective layouts are considerable
difficult where there is a need of many access points like corporations and institutions. For this reason, today’s complex and
difficult conditions cause new solution methods that give fast and easy solutions for the problems.

In literature, genetic algorithms have been used in many studies to solve problems in wired and wireless network
technologies. Lee et al. studied access point allocation optimization for smart home systems by using a genetic algorithm
[1], [8]. They have revealed the impact of access point allocation on overall wireless system performance regardless of channel
conflict challenge. However, the issue is quite a component which impacts on the quality of wireless services. Yoshino and
Ohtomo [9] conducted a study about effective channel assignment methods for mobile communication systems by using genetic
algorithms whereas we focus on wireless network systems and their issues. Therefore, their study cannot directly adapt to
wireless infrastructure because of different technologies.

Funabiki et al. [10] studied the subject that allocates an optimal access point for a wireless infrastructure mesh network.
Turgut et al. [11] studied clustering algorithm optimization on mobile Ad Hoc networks by using a genetic algorithm approach.
Singh and Bhukya suggested a solution based on a hybrid genetic algorithm that can be a candidate to solve the problem of the
minimum energy usage on wireless ad-hoc networks. The suggested hybrid approach was compared with the known intuitional
approaches to solve this problem [12]. These studies attempt to solve issues about the allocation of access points for mesh
networks, mobile ad-hoc networks, and energy efficiency problems for ad-hoc networks, respectively. Our study differs from
them in terms of using wireless technology. Agustin-Blas et al. suggested a hybrid genetic algorithm application to solve the
problem regarding the determination of access points places needed to be distributed for constituting wireless networks. The

Volume 12, 2025 153



ECJSE

Ramazan Kocagolu, M. Hanefi Calp et al.

Table 1: The Comparison of the related studies

Related Studies Network Type Optimization Problem  Optimization Algorithm
T. Scully and K.N. Brown [2] Wireless Load Balancing GA
W. Yan et al. [3] Wireless Bandwidth GA
J. H. Lee et al. 8] Wireless Location GA
J. Yoshino and I. Ohtomo [9] GSM Channel Assignment Hybrid
Funabiki et al. [10] Mesh Location GA
Turgut et al. [11] Ad Hoc Clustering Hybrid
Singh and Bhukya [12] Ad Hoc Energy Consumption Hybrid
Agustin-Blas et al. [13] Wireless Load Balancing Hybrid
El-Alfy [14] MPLS Minimum Cost GA
Calvo et al. [15] Ethernet Dividing GA
Zhang and Zhang [16] Ethernet Dividing GA
Sanzetal. [17] Ethernet Switch Layout Hybrid
Singh et al. [18] WSN Sink Location GA
Quyang et al. [19] Wireless AP Location Hybrid
Hanh et al. [20] WSN Coverage Hybrid
V. Bertolini et al. [22] Wireless Charging  Energy Consumption Hybrid
Y. E. M. Hamouda [23] WSN Sink Location Hybrid
L. V. Quan [24] WSN Sink Location GA
D. J. Bahadur et al. [26] WSN Energy Consumption Hybrid
X. Gong et al. [27] WSN Energy Consumption GA

proposed algorithm aimed to determine a cost-effective network topology for this problem. Performance and effectiveness of
the algorithm were tested by constituting a topology determined by two different 1000 and 2000 users randomly [13]. They
focus on the load balancing problem while we consider the channel conflict issue.

El-Alfy suggested a design method based on a genetic algorithm to find the topological structure of networks based on MPLS
which supplies the minimum cost. With this technology, designing an ISP backbone with the most effective and minimum cost
emerged as a problem. An approach based on a genetic algorithm was suggested to solve this problem [14]. Calvo et al. suggested
a new genetic algorithm to solve the problem of dividing traditional ethernet networks into parts. The performance of the
suggested genetic algorithm was tested in various simulations. When it is compared with previous genetic algorithm approaches,
it can be said that the suggested approach can produce faster and more productive solutions [15]. Zhang and Zhang analyzed the
problem of dividing the network into parts in industrial key ethernet technology. The genetic algorithm was suggested to solve
the problem of dividing networks into parts [16]. Sanz et al. suggested a model based on hybrid genetic algorithm that supplies
switches to place into the optimum points in a network to achieve the most efficient performance. They tested the approach that
suggested a switch layout problem on network architecture in Madrid, Spain. Obtained experimental results showed that the
hybrid genetic algorithm method obtained the best performance in solving the switch layout problem [17]. These studies are
related to some challenges of wired technology such as MPLS, switches, and ISP infrastructure whereas our study attempts to
cope with challenges such as efficiency access point allocation and channel conflict for traditional wireless networks.

Singh et al. suggested a Genetic Algorithm (GA) based sink mobility technique for WSN. The GA process determines
the optimal sink locations on the trajectory for each cluster. In addition, a network energy consumption model is proposed
that implements the fitness evaluation operator of the GA process. Obtained experimental results showed that GA based sink
mobility provides increase in network lifetime than other protocols [18]. Ouyang et al. suggested a model adaptive genetic
algorithm (IAGA) to handle the localization problem of wireless networks and a modified evaluation function to reduce the error
of distance measurement in a topological structure [19]. Hanh et al. proposed a novel and efficient metaheuristic in the form of
a genetic algorithm. The proposed genetic algorithm includes a heuristic population initialization procedure and the proposed
exact integral area calculation for the fitness function. Obtained experimental results showed that the algorithm delivers the best
performance in terms of solution quality and stability on a majority of the tested instances [20].

In this study, a genetic algorithm, which makes access point layout optimization regarding problem of crossing channels
between access points, is proposed. The rest of the paper is prepared as follows. In section 2, the problem is defined, and limits
in the real world are mentioned that need to be taken into consideration in the solution of the problem. In section 3, the design
of the developed algorithm is mentioned in detail. Tests and obtained experimental results are presented in section 4. Section 5
concludes the paper with some further discussions.

2 Problem Definition

Some challenges should be solved to use wireless networks in a more effective way after these networks have become
widespread. While the institutional wireless network is taken into consideration, there are some problems that affect the overall
performance of the network. The design, which is made by regarding these problems, is important because of achieving real-like
results. Developed methods and algorithms need to solve these problems within the existing limits. The problems and limits
considered by GA design in this article are as below:

o Each access point serving from 2.4 GHz frequency uses a wireless channel between 1 and 13 to give service. Channel
154 ECJSE Volume 12, 2025
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Figure 1: Channel conflict problem

conflict means that access points, which have the same SSID and the same channel, are neighbors that they enter into
each other’s coverage area. The users of wireless service expose to channel conflict have a serious lack of many services.
A channel conflict, which can occur with two access points, as shown in Figure 1. The wireless user is at the junction
point of coverage areas of two access points that use the same channel. In this situation, critical problems in the user’s
connection can be encountered. As a conclusion, the neighbor access points should not use the same channel. In other
words, access points which use the same channel should not be near to each other. Suggested GA design determines
the place of access points by regarding this problem. This means that it appoints different channels to neighbor access
points.

« One of the most important elements that affect the efficiency and coverage area of wireless communication in a building
is walls. The proposed algorithm places access points regarding this situation.

e Making optimization considering 802.11 b/g/n wireless network standards is an acceptable solution that is similar to
the real world’s problem. Accordingly, the designing of access point allocation is made based on network standards
determined by the user while specifying the most suitable place for them.

« It makes layouts to the specific places such as corners and edges of the walls while locating the places of access points.
It means that access point cannot be placed any desired area in order to approximate the real environment.

o The proposed algorithm determines optimal places of access points considering the 3D environment.

3 A Genetic Algorithm for Access Point Layout with Channel Conflict Detection

A genetic algorithm is an algorithm that can successfully solve critical problems like the deployment of devices on
communication networks in urban planning. It is a technique that codes feasible solutions to solve an existing problem inspiring
an evolutionary process. The most important point should be taken into consideration in GA design is that coding the problem
and defining the fitness function that impact on directly solution of the problem. While the coding of the problem draws limits
of search space GA works on, the fitness function determines the suitability of achieved solutions [12], [13], [14], [15], [16],
[17], [18], [19], [20], [21], [22], [23], [24], [25], [26], [27].

Nowadays, there are different wireless network standards to be used for wireless communication. Although there are some
distinctions that separate these standards, the most remarkable difference is the distance of coverage area technology provides.
In this paper, a genetic algorithm has been designed to place access points to the most efficient places inside buildings so that it
can achieve overall coverage area at the top level, and prevent channel conflict by considering 802,11b, 802,11g, and 802,11n
wireless network standards.

3.1 Problem Encoding

GA is a selection algorithm based on natural selection and the evolution mind. Generally, there are four fundamental steps in
the GA optimization procedure. These are selection, crossing, mutation, and evaluation. GA optimization procedure practices
repeated selection strategy applies crossing and mutation, and then evaluates the suitability of chromosomes. The structure of a
chromosome in the proposed GA is seen in Figure 2. Each access point is represented as a chromosome and a set of chromosomes
is represented as a population. In other words, population is expressed as a candidate solution that contains a set of access points.
An access point consists of some units such as X, Y, and Z coordinates, channel, and cost calculated according to the position
of other access points in the population. Each unit is called a gene in the chromosome as shown in Figure 2.

Figure 3 shows structure of population in the proposed algorithm and possible layout in the real world.
ECJSE Volume 12, 2025 155
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Figure 2: Structure of the AP encoding in GA
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Figure 3: Population and its Allocation in a Reel Network Environment

Consequently, each population is a candidate solution that represents the allocation of access point in real environment as
shown in Figure 3. The most important challenge is to discover the optimal allocation of access points by considering used
channel of them. The population can include inefficient layout the distance between access points is either too close or too far.

3.2 Initialization of the Algorithm
Each chromosome in the population is randomly generated at the beginning of algorithm as following.

« Firstly, all coordinates where access points can be placed are discovered. Specific points where access points will
be placed are randomly selected between these coordinates. These selected coordinates are transferred to genes that
constitute the X, y, and z coordinates of chromosomes.

o Each access point serving from 2.4 GHz frequency selects randomly a wireless channel between 1 and 13 to serve
network services for wireless users. Channel conflict is not taken into consideration at this state and is not make any
operation to detect it. Besides, each access point serving from the 5 GHz frequency wireless standard selects randomly
an available wireless channel.

« While generating the initial population, a O value is appointed to cost the gene of all chromosomes.

The process of generating the initial population continues to reach a determined iteration number. All state of the proposed
optimization procedure is shown in Figure 4.

3.3 Selection Operator

In this section, a rank-based wheel selection mechanism, as described in [9] is used. Therefore, the individuals are sorted in a
list based on their efficiency. The position of the individuals within the list is sorted by comparing cost which is a gene defined
in our study. Efficiency of fitness function, the most important section of genetic algorithm, impacts directly on efficiency
of the algorithm. The fitness function considers the distance between access points and channel conflict. It gives a point that
implies the possibility of passing the next generation to individuals according to the distance between two access points and the
used channel. The point is the saved cost gene in each chromosome. The total of these points is used to determine whether the

individuals in the population pass to the next generation or not.
156 ECJSE Volume 12, 2025
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Figure 4: The General Flow Diagram of the Algorithm

We suggest that the coverage areas of neighbor access points should overlap at the rate of % 25 because a wireless user
to pass between access points without interrupt of any services. Figure 5 shows the optimum layout of access points in space.
Consequently, if the radius of the access point’s coverage area is t, the distance between two access points (1) is calculated as
below:

roTr
Ds=2r—7 = 6]
W = Number of Wall x (3 2
7
Dy =Ds—W=-""—W 3)

The optimum distance (3) between two access points can be found by subtracting the loss of (2) because of the existing walls
in (1) distance. (2) is calculated by multiplying the number of walls the in-coverage area and the 3 constant. 5 represents the
loss of signal noise because of the existing wall in the area. It is assumed 1,5 meters. (3) distance between each neighbor area
is the optimal location where the access point can be placed. Let AP, and AP5 be neighbor access points. We denote that AP ¢
and AP5¢ are channels used by AP; and AP, respectively. « is the fitness function of the proposed GA. Let x be the distance
between AP and AP5. The fitness value is calculated as below.
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Figure 5: Optimal Allocation Between Neighbor Access Points

Algorithm 1 Fitness function

ifAP]_C ==APy¢ then

a+ —500

else
if ¥ < 20 then
a+ —100
end if
if 20-(2) < x £30-(2) then
a0
else if 30 - (2) < x <40 - (2) then
a+ —20
else if 40 - (2) < x < 50 - (2) then
a + —50
else if 50 - (2) < x <55 - (2) then
a+ =70
else if 55 - (2) < x <59 -(2) then
a+ —90
else if 59 - (2) < y < 62 - (2) then
a +— =100
else if 62 - (2) < y < 66 - (2) then
a+— —90
else if 66 - (2) < x < 70 - (2) then
a+ =70
else if 70 - (2) < x < 80 - (2) then
a « =30
else if 80 - (2) < x <90 - (2) then
a+— —20
else if 90 - (2) < x < 100 - (2) then
a+— —10
else
a « —100
end if

end if=0

The fitness value is equal to O at the start of the process. A chromosome with the maximum fitness value means that it
is the optimal solution for the problem. Initially, this value will be decremented by 500 for each neighbor APs that uses the
same channel in order to prevent channel conflict. Additionally, fitness value will be increase or decrease by distance between

158
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Figure 6: Position of Neighbor Access Points With Each Other
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Figure 7: Example of Crossover Process in GA

neighbor access points. While the fitness value is 100 for the optimum distance between neighbor APs, it is decremented far or
near this distance. The fitness function catches the best value by considering the distance according to 802.11 standards and then
sends it to the next population. Figure 6 shows the position of two access points is how to influence each other. The optimum
position of neighbor access points is the green field. Consequently, being far from or too near each other of access points are
unsuited solution. In addition, access points can be placed only at the edge, or corners of walls. Other places apart from these
points are not accepted as solutions.

After arraying of individuals in each population according to the cost gene in chromosome, % 30 of individuals which have
the best location of access point pass directly to the next generation by elitism. As a result of tests, when the rate of elitism is
% 30, the best result is achieved. Therefore, the rate of elitism is selected as % 30. Other individuals are transferred to the next
generation after selecting randomly from the population and applying crossing and mutation.

3.4 Crossover and Mutation Operators

The crossover and mutation operators implemented in the proposed algorithm are based on those used in [9], [12]. The process
for performing the crossover is the following: We consider a special crossover operator in which two parents produce one
child. Two individuals are selected; one will be named father, and the other mother. Only one offspring individual will be
generated from these two individuals. The parents are randomly chosen among the individuals in the population that have not
been discarded. The two parents are coupled and a crossover point is randomly selected. Figure 7 shows the process of producing
anew individual from the two parents. There are three crossover points in each individual. These points are used for the crossover
operator. For example, point 2 is randomly selected by a proposed genetic algorithm in order to produce a new child. After this
operation, population diversity is ensured by producing new individuals.

After the crossover operator, a mutation operator is applied so as to generate more diversity in the population. A swap-
type operator is used. Two parents are coupled at random, and two genes of each parent are swapped to generate two mutated
individuals. The mutation is used to avoid that the algorithm remains stuck in the local minimums of the fitness function. Figure
8 shows an example of the process of mutation for coordinate genes. If the channel gene is selected for mutation, the swap-type
operator is not used. See Figure 9 as an example. A number is randomly produced between 1 and 13. This number is swapped
to the existing channel number. Therefore, a new individual with a different channel number is produced after the mutation
operator.

ECJSE Volume 12, 2025 159
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Figure 8: Example of Crossover Process for Coordination in GA
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Figure 9: Example of Crossover Process for Channel in GA

4 Simulation

In this section, we have simulated the proposed GA optimization model in Visual Studio with the parameter lists in Table 2.
The simulation has been performed on an Intel Core 2 Duo CPU 2.53 GHz with 4 GB RAM. The proposed GA attempts to
discover optimal places of access points on the used building in the simulation taking into consideration the wireless standards
and channel conflict.

4.1 Assumptions and Parameters
In Turkey, city hospitals have begun to be built in various cities of Turkey within the scope of public-private partnerships. Kayseri
City Hospital is one of these hospitals and was opened in 2018. It has a bed capacity of 1583 and a closed area of 300,000 m?.
It consists of 4 blocks that are architecturally similar to each other, a central hospital connecting these blocks, and 1 physical
therapy rehabilitation center. It will serve approximately 5,000 wireless network users daily. Determining where access points
will be positioned in such large structures is a very difficult process. Access points must use appropriate channels so as not
to cause channel conflict. In addition, the number of access points must be at an optimal level. Using too many access points
increases both the cost and the possibility of channel conflict. The building architecture of Kayseri City Hospital is shown in
Figure 10.

One of the buildings with the same architecture is a cardiovascular hospital. Therefore, the developed algorithm was applied

Figure 10: Kayseri City Hospital Building Plan
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Table 2: Simulation Parameters
Parameters Values
The signalling range of access point with 802.11.b  35(m)
The signalling range of access point with 802.11.g  35(m)
The signalling range of access point with 802.11.n  70(m)

The number of access points with 802.11b 55
The number of access points with 802.11g 55
The number of access points with 802.11n 33

The number of wireless users 800

Figure 11: Kayseri City Hospital Used in the Simulation

in the cardiovascular hospital. In addition, it was tested in a physical therapy rehabilitation center.

4.2 Simulation Results

In this section, we present the impact of the proposed GA scheme on the maximum coverage area and average bandwidth per
user.

4.2.1 Maximum Coverage Area

Firstly, we examine the maximum coverage area. 802.11 standards have different signaling range. For example, in the building,
802.11b, 802.11g, and 802.11n wireless standards cover the area about 35, 35, and 70 meter diameter area, respectively [15].
We employ 25, 25 and 50 access points for 802.11b, 802.11g and 802.11n standards, respectively. Therefore, we can simply
calculate maximum coverage area for space environment as multiplying number of access point and signaling range of wireless
standard. Thus, maximum coverage area is 1750 m for all wireless standards in the simulation. However, it is expected the
maximum coverage area is considerably shorter than 1750 m in simulation because existing walls in the building causes signal
noise. We have obtained experimental results that maximum coverage area is 1181.1 m, 1183.6 m and 1148 m and average
coverage area of each access point is 23.62 m, 23.67 m and 45.92 m for 802.11b, 802.11g and 802.11n standards, respectively.
X, Y, Z coordinates, channels, and coverage area of each access point are detail shown in Table 3. Figure 12, 13 and 14 depict
that proposed GA allocates access points on building shown figure 11 according to 802.11b, 802.11g and 802.11n, respectively.
We calculate the fitness function as mentioned in section 3.3. When the optimal distance between access points is obtained,
the fitness function achieves 100 award points. Obviously, the optimal layout for 50 access points should have 5000 points
according to proposed algorithm. Similarly, it should have 2500 points for 25 access points. Figure 15 shows that the algorithm
reached a maximum point after 5000 iterations according to 802.11b and 802.11g standards, and after 3000 iterations according
to 802.11n standards. The population size is determined as p,= 200, the rate of crossing was p,=0,7, and the rate of mutation was
pwm= 0,1, and the rate of elitism was p,= %30 in the simulation. 802.11b and 802.11g standards have the same signaling range
of access points. The curve of the two technologies in the graphic overlaps because the fitness function makes optimization by
considering the distance between access points.
ECJSE Volume 12, 2025 161
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Table 3: Coordinate, Channels and Coverage Area of Access Points in the Building

AP 802.11b 802.11¢g 802.11n
X Y Z | Ch | Cvr X Y Z | Ch | Cvr X Y Z | Ch | Cvr

1 103 | 144 | 10 | 10 | 20,8 | 10,5 | 14,1 | 10 | 11 | 20.8 | 24,1 | 23,5 | 10 | 13 | 438
2 342 | 129 | 10 2 213 | 34,1 | 133 | 10 4 213 | 473 | 233 | 10 4 45
3 584 | 12,5 | 10 6 21,5 | 58,7 | 12,3 | 10 6 215 | 71,1 | 16,3 | 10 7 47,5
4 80,7 | 10,1 | 10 | 12 | 21,3 | 80,9 | 10,1 | 10 9 21,3 | 26,9 | 51,5 | 10 9 43,8
5 943 | 15,6 | 10 1 225 | 94,7 | 153 | 10 | 10 | 21,3 | 759 | 47,5 | 10 1 45
6 12,5 | 38,1 | 10 5 26,5 | 12,7 | 38,3 | 10 8 26,5 | 13,1 | 77,3 | 10 5 46,3
7 373 | 339 | 10 | 13 | 23,8 | 37,1 | 33,7 | 10 3 23,8 | 37,9 | 74,7 | 10 | 12 | 475
8 60,9 | 30,2 | 10 9 21,3 | 60,7 | 30,7 | 10 | 12 | 21,3 | 78,7 | 74,7 | 10 3 50
9 85,1 | 29,8 | 10 4 25 85,5 | 29,7 | 10 5 25 20,7 | 18,77 | 30 | 10 | 42,5
10 73 | 552 | 10 3 20 7,1 55,5 | 10 2 21,3 | 49,5 | 20,3 | 30 2 43,8

11 35,6 | 54,4 | 10 | 10 | 263 | 353 | 54,7 | 10 | 7 26,3 | 75,1 | 169 | 30 | 8 47,5

12 | 61,8 | 57,7 | 10 | 1 225 |1 619 | 573 | 10 | 1 225 | 18,1 | 46,3 | 30 | 4 41,3

13 86,3 | 554 | 10 | 12 | 25,8 | 86,1 | 559 | 10 | 4 258 | 50,3 | 47,3 | 30 | 11 | 43,8

14 10,9 | 855 | 10 | 8 26,8 | 10,7 | 853 | 10 | 9 26,8 | 789 | 48,1 | 30 | 5 45

15 375 | 79,6 | 10 | 11 | 25 373 1 795 | 10 | 11 | 263 | 189 | 793 | 30 | 7 46,3

16 | 59,7 | 79,1 | 10 | 3 25 593 1 793 | 10 | 3 25 455 | 75,1 | 30 | 13 | 475

17 84,4 | 80,9 | 10 | 7 263 | 84 80,7 | 10 | 6 263 | 787 | 749 | 30 | 1 48,8

18 144 | 154 | 30 | 9 213 | 145 | 153 | 30 | 1 21,3 1 20,5 | 243 | 50 | 9 43,8

19 | 40,9 | 152 | 30 | 3 23,8 | 40,7 | 15,1 | 30 | 8 23,8 | 47,1 | 263 | 50 | 3 45

20 | 65,1 | 16,6 | 30 | 5 23,8 | 655 | 16,5 | 30 | 4 238 | 73,5 | 233 | 50 | 12 | 50

21 88,6 | 13,7 | 30 | 13 | 25 88,3 | 13,9 | 30 | 7 25 26,7 | 53,3 | 50 | 4 43,8

22 159 | 425 | 30 | 6 23,8 | 15,7 | 429 | 30 | 2 22,5 | 757 | 539 | 50 | 6 45

23 | 429 | 428 | 30 | 8 23,8 | 429 | 42,7 | 30 | 6 238 | 19,1 | 81,5 | 50 | 2 47,5

24 | 67,7 | 40,3 | 30 | 10 | 25 67,9 | 40,1 | 30 | 13 | 25 40,3 | 76,5 | 50 | 8 47,5

25 91,5 | 39,8 | 30 | 2 233 | 91,1 | 399 | 30 | 11 | 233 | 745 | 71,9 | 50 | 10 | 50

26 134 | 66,6 | 30 | 12 | 20 13,1 | 66,5 | 30 | 1 20 - - - - -

27 | 374 | 685 | 30 | 1 238 | 37,5 | 68,1 | 30 | 5 225 | - - - - -

28 | 619 | 688 | 30 | 11 | 21,3 | 61,7 | 689 | 30 | 9 213 | - - - - -

29 87,5 | 63,7 | 30 | 5 25 87,5 | 63,9 | 30 | 4 25 - - - - -

30 13,7 | 858 | 30 | 7 263 | 13,3 | 85,7 | 30 | 12 | 26,3 | - - - - -

31 35,5 | 86,7 | 30 | 4 23,8 | 357 | 86,9 | 30 | 3 238 | - - - - -

32 | 539 | 86,9 | 30 | 13 | 23,8 | 53,9 | 87,1 | 30 | 8 25 - - - - -

33 854 | 87,9 | 30 | 2 263 | 855 | 87,7 | 30 | 5 26,3 | - - - - -

34 10,7 | 17,5 | 50 | 11 | 20,8 | 109 | 17,3 | 50 | 10 | 20,8 | - - - - -

35 36,1 | 152 | 50 | 4 213 | 36,1 | 15,1 | 50 | 2 213 | - - - - -

36 | 55,1 | 16,6 | 50 | 6 20,3 | 55,1 | 16,7 | 50 | 6 20,3 | - - - - -

37 | 749 | 173 | 50 | 9 213 | 747 | 17,1 | 50 | 12 | 21,3 | - - - - -

38 884 | 164 | 50 | 10 | 22,5 | 88,5 | 16,5 | 50 | 1 238 | - - - - -

39 13,6 | 39,6 | 50 | 8 26,5 | 133 1395 | 50 | 5 26,5 | - - - - -

40 | 399 | 338 | 50 | 3 23,8 | 39,7 | 33,77 | 50 | 13 | 23,8 | - - - - -

41 63,2 | 334 | 50 | 12 | 21,3 | 63,1 | 33,1 | 50 | 9 21,3 | - - - - -

42 |1 899 | 32,7 | 50 | 5 238 | 89,7 | 325 | 50 | 4 238 | - - - - -

43 11,6 | 56,7 | 50 | 2 213 | 11,3 | 56,1 | 50 | 3 22,5 | - - - - -

44 | 372 | 573 | 50 | 7 26,3 | 37,7 | 57,1 | 50 | 10 | 26,3 | - - - - -

45 64,1 | 57,6 | 50 | 1 225 | 64,7 | 57,3 | 50 | 1 225 | - - - - -

46 | 89,8 | 54,8 | 50 | 4 258 | 89,5 | 549 | 50 | 12 | 258 | - - - - -

47 10,7 | 80,9 | 50 | 9 28 10,9 | 80,7 | 50 | 8 28 - - - - -

48 | 37,8 | 82,6 | 50 | 11 | 238 | 379 | 829 | 50 | 11 | 23,8 | - - - - -

49 |1 61,8 | 814 | 50 | 3 25 619 | 81,3 | 50 | 3 25 - - - - -

50 | 835 | 84,7 | 50 | 6 25 83,9 | 84,3 | 50 | 7 25 - - - - -
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Figure 16: Average Bandwidth Per User with Generation Number

4.2.2 Average bandwidth per user

We investigate the sharing of bandwidth to wireless users. They are randomly located in the simulation to show how to effect on
amount of bandwidth. 802.11b, 802.11g, and 802.11n network standards have 11, 54 and 248 mbps bandwidth respectively [15].
The bandwidth per user changes according to the number of users because wireless network architecture is the sharing network.
In addition, the distance between a user and the access point affects directly on the amount of bandwidth. In other words, if the
distance between the user and the access point increases, the bandwidth per user decreases. Consequently, the position of access
points is a milestone for service quality. The bandwidth per user according to the optimal access point is calculated according
to network standards. Figure 16 show the amount of average bandwidth per user according to generation number.

The bandwidth per user reached the top level after 5000 generations for 802.11b and 802.11g, and 3000 generations for
802.11n as in Figure 2. As it is seen from these two graphics, there is a parallel between the layout of access points and the
average bandwidth per user. Optimal allocation of access points provides the best service quality because of average bandwidth
apart from the maximum coverage area. Finally, the experimental results obtained show that the proposed algorithm successfully
discovered the optimal layout of the access point on the building in simulation.

5 Conclusion and Future Work

In this paper, we have presented an optimal access point layout based on GA with channel conflict detection. The proposed
algorithm optimizes parameters such as coverage area and channel conflict to provide service quality for wireless users in
building environments. We have implemented the proposed GA method and then simulated it to demonstrate the impact of the
proposed algorithm on overall system performance in terms of maximum coverage area and average bandwidth per user. Based
on simulation results, the proposed GA method provides an acceptable solution and stable performance. In the future, we would
like to improve the GA code implemented for real-world conditions such as the types of materials used for walls in the building
due to the effect on signal quality. We also consider conducting field tests to validate the simulation results and explore the
adaptability of the algorithm to different wireless standards and environments. The finding of optimal AP location will also be
evaluated with other optimization algorithms in the future.
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