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This paper presents the bio-inspired algorithms for decisioning wireless
access point (AP) installation. In order to achieve the desired coverage
capability of APs, the bio-inspired algorithms are applied for robust
competition and optimization. The main objective is to determine the
optimal number of APs with the high coverage capability in the concerning
area using the genetic and ant colony optimization algorithms. Received
signal strength indicator (RSSI) and line-of-sight (LoS) gradient approach
are the most important parameters for AP installation depending on the AP
signal strength. Practical experiments are tested on the embedded system
using Xilinx Kria KR260 and Raspberry Pi Zero 2W boards at the tested
room size about 16 m wide and 40 m long inside the building. Xilinx Kria
KR260 board is used to calculate the number of AP installation and
localization compared to Xcode. Then, Raspberry Pi Zero 2W board is the
representation of wireless AP for measuring the signal in the testing area.

Experiment results show that maximum received signals strength is equal to
-35 dBm at 6 m and there are six APs installation with high coverage area
and maximum received signal strength at the area of 16x40 m?2.
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1. INTRODUCTION

Bio-inspired approach is an optimization approach based on the biological evolution as genetic
algorithm (GA) and ant colony optimization (ACO) [1]. A GA [2] is a metaheuristic method that optimizes
problems using a process inspired by starting with a random population of solution, evaluates each solution
using a fitness function, then uses the crossover and mutation method to create a new generation. The process
will repeat until reach at satisfactory. An ACO [3] algorithm is a metaheuristic method using swarm
intelligence based on the ant behavior with the virtual ants searching a path determined by probability rule
and leaving a pheromone trail as memory. The concentration of pheromone on trail also influences other
ants’ decisions.

There are many algorithms for wireless networks such as coverage planning [4] and indoor
optimization [5]. Several methods to optimize wireless coverage planning including deep learning assisted
[6], graph-theoretical [7], and access points (AP) optimization [8]. The various wireless approaches based
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indoor localization consists of the fusion framework for multiple sensors [9], and a 2D surface correlation for
location accuracy improvement [10].

Other research focuses on improving the accuracy of smartphone-based indoor tracking and
localization by integrating Wi-Fi fingerprinting and pedestrian dead reckoning (PDR) techniques [11]. Some
studies aim to maximize the line-of-sight (LoS) coverage for multiple access point (multi-AP)
millimeter-wave wireless local area network (WLAN) [12], AP placement method [13], and the
sensor/access-point coverage area [14]. The optimization AP placement in wireless communication networks
is also explored including with the methods for maximizing the average throughput [15], minimizing
inter-cell interference [16], enhancing indoor localization reliability [17], and optimizing WLAN systems in
the indoor environments [18]. Optimization algorithms are applied to APs in places such as the indoor room
[19], [20]. There are studies on AP management algorithms in [21], [22]. Other research also covers AP
enhancement including [23]-[25]. Artificial intelligence (Al) service deployment is presented in a multi-
access edge intelligent system aiming to minimize computing time and energy consumption while
maximizing inference accuracy [26]. Another study deals with defeating jamming attacks in an uplink
pairwise non-orthogonal multiple access (NOMA) scenario using a mobile AP by jointly optimizing power
allocation and AP placement [27]. The small-cell uplink AP placement problem is studied in terms of optimal
throughput and inter-cell interference [16].

The contribution of this paper is to deploy two bio-inspired algorithms as a GA and an ACO and to
compute these bio-inspired algorithms on the Xilinx Kria KR260 board compared with Xcode in C/C++
programming for decisioning AP installation. Raspberry Pi Zero 2W board represents as an AP to measure
the received signal strength. The organization of this paper is as: section 2 describes the received signal
strength indicator (RSSI) and localization algorithm. In section 3, the bio-inspired algorithms are explained,
and practical results are presented in sections 4 and 5 summaries this work.

2. RECEIVED SIGNAL STRENGTH AND LOCALIZATION ALGORITHM

Positioning refers to the process determining the object location in the physical space, which is used
in a wide range of applications. The AP localization algorithm utilizes the information from surrounding APs
to estimate the device’s location. Additionally, the LoS gradient calculation determines the slope of the
terrain between two points that is crucial in the communication systems, navigation, and terrain analysis.

The received visible light power is proportional to the distance called the received signal strength
(RSS). Visible light signal form the reference node and transmitter are attenuated by increasing distance.
Other works about RSS-based localization and positioning approaches are presented by using an optimal
propagation model to compute the distance [18], [19]. These advantages of RSS-based methods are to
perform high accuracy in LoS short-range environments without the hardware installation requirement at the
target nodes and synchronization time between nodes [20].

RSSI is defined from power of received signal in unit of dBm. The AP-received signal strength Pap
at a given distance dap is another critical parameter that affects the quality and reliability of the wireless link,
and its expression is derived using propagation models that consider various factors such as path loss,
antenna gain, and environmental factors. Precise measurement and analysis of RSSI and Pap values are
essential for optimizing the performance of wireless networks, as they can be used to estimate the range of
the AP. It can be expressed as [4].

d
Pyp =PUE_10€log(ﬁ+nJm) 1)

where Pye is defined from the UE-measured signal strength of user equipment (UE) at a reference distance
due. Random variables &, is added with the zero-mean Gaussian distribution. The path loss exponent ¢ is set
at 2 and due=1 m in the indoor environment [4]. The distance dap is given by (2), (3):
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The overlapping area between two APs is a constraint that can be minimized by (4):

APoverlapped area < 20% (4)
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where APoverlapped area denotes the percentage of AP overlapped coverage between AP cells [4]. As noted that,
the AP overlapped coverage between AP cells is an important condition for designing the AP layout network.
The overlapping area is computed as (5)

Area = 2 (nRszn-o - %stin(360" : Pmm,)) (5)

where R is the radius of AP coverage, and Praio is the percentage of the overlapped ratio.

3. PROPOSED BIO-INSPIRED ALGORITHMS

The proposed bio-inspired algorithm includes GA and ACO designed to identify the optimal
location for the AP. Output must cover at least 80% of the specified area size and randomly generated AP
locations. These algorithms will be tested on a 16-inch MacBookPro and a Xilinx Kria KR260 board to
evaluate the computational speed shown in Figure 1.

Initial - Experiment & Implement
- Width x Length of Room
- Random Access Point Prop(lased Sof
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Figure 1. Proposed system

3.1. Design of decisioning system using genetic algorithm

GA is applied to an automatic AP decision indoor localization method to the different selection
method as shown in Table 1, where the roulette wheel and tournament selection method are compared with
the random sampling. We start at the given number of iterations and population size and then build the
random width, length, and number of AP distributed in the center of random area. These conditions are used
in the proposed decisioning system as: i) to consider the ratio of AP coverage and the actual area in square
meters and ii) to compute the suitable difference between the AP coverage and actual area. Later, we apply
the result for searching fitness value to pick up the appropriate chromosomes, select the crossover and
mutation, respectively.

The pseudocode of bio-inspired decision system using GA is detailed in Table 1 above. Line 1-4
shows initialize variables for width, length, population, number of iterations and loop counters. Line 5
declares several functions that will be used in the program. The evpop function initializes the population. The
cost function calculates the cost of a given chromosome. Line 6 shows the loop for number of iterations.
Line 7 presents the copy current population to next population. Line 8 initializes the popcurrent array using
the evpop function. Line 9 depicts the pickchroms function selects the best chromosomes for reproduction.
Line 10 shows the crossover function combines the chromosomes to create new ones. Line 11 presents the
mutation function introduces random changes (mutations) to the chromosomes with a low probability.
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Line 12-13 shows updates the popcurrent array with the new population stored in popnext. Line 14 indicates
that the result of the program will be the number of APs placed, their fitness, and their coordinates in the
room.

Table 1. The pseudocode of proposed AP-decisioning system using GA
Decisioning System of AP Algorithm Using GA
1. Initial: Width, Length, Population
2. Input: number of iterations,
3. popcurrent=array of Pop_size “chrom” structures
4. popnext=array of Pop_size “chrom” structures
5. evpop(popcurrent)
6. for i=0 to num:

7. for j=0 to Pop_size:

8. popnext[jl=popcurrent([j]
9. pickchroms(popnext)

10. crossover(popnext)

11. mutation(popnext)

12. for j=0 to Pop_size:

13 popcurrent[j]=popnext[j]

14. Result: Number of AP, fitness,
Coordinate AP in room

3.2. Design of decisioning system using ant colony optimization

ACO is modified for finding an automatic AP-distributed indoor localization with the different
selection method as described in Table 2. The cost function of ACO is set similarly to the conditions of GA.
Then, the results from iterations are applied for updating the population and pheromone used.

Table 2. The pseudocode of proposed AP-decisioning system using ACO
Decisioning System of AP Algorithm Using ACO
1. Define the cost function
2. Set the number of decision variable
3. Set the ACOSM parameters: number of iterations, population size, sample
size, intensification factor, and deviation-distance ratio
4. Get the selection method (roulette wheel, tournament, random)
5. Initialize the population matrix
6. Start the ACOSM loop for the specified number of iterations
a. Select a sample of solutions using the specified selection method
b. Construct a new solution using the selected sample
¢. Update the population matrix and pheromone matrix
7. Return the best solution
8. Result: Number of AP, fitness, Coordinate AP in room

The pseudocode of bio-inspired decision system using ACO algorithm is shown in Table 2 as
follows. Line 1 sets the cost function, which is the function that measures the fitness of a given solution.
Line 2 specifies the number of decision variables, which in this case would correspond to the number of APs
in the indoor space. Line 3 defines the ACO with selection methods (ACOSM) parameters including the
number of iterations, the population size, and sample size. Line 4 gets the selection methods (roulette wheel,
tournament, random sampling). This line specifies the method used to select candidate solutions for the
optimization process. Line 5 creates the initial population of candidate solutions which are used to start the
process. Line 6 begins the optimization process using the ACOSM algorithm, which will iterate over the
specified number of iterations to identify the best solution. Line 7 returns the best solution found during the
optimization process, typically the solution with the highest fitness score. Line 8 specifies the result of the
optimization process, which typically includes the number and location of APs, the fitness score of the
solution, and the coordinates of each AP in the indoor space.

4. EXPERIMENTS

This section presents the simulation and experimental results of the proposed algorithm. The GA
and ACO algorithms can manipulate the location of APs to provide wireless signal coverage to the target
area. This section is divided into 3 subsections consisting of i) system implementation, ii) experiment setting,
and iii) experimental results. The details are as follows.
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4.1. System implementation

In the tested area, the 16x40 m? room at the 3™ floor library building with multipurpose space room
is investigated. Experiments are measured the signal from the wireless emitter, starting with only one AP
installation in the room for the worst installation possibilities. Next, it will be tested by using the results from
GA and ACO installing them and testing the signals.

Implementation of proposed AP-based capacity planning algorithm is detailed in Table 3.
Line 1 shows the initial inputs as the width and length of the room, and radius is an AP coverage,
respectively. Line 2-4 increase the coordinates of width and length. Line 5 shows to terminate the unused AP
coordinates. Line 6 is used to increase the index.

Table 3. The pseudocode of proposed AP decisioning system
Decisioning System of AP Algorithm
1. Data: Input room dimensions and AP radius
2. Initialize Coordinate AP matrix and index
3. | for (int x=0; x<=width; x++)
4
5

O for (int y=0; y<=length; y++)
] if (y+radius =0 && x+radius !=0 && y
+radius !=length && x+radius '=width)

6. | Coordinate AP[index][0]=x+radius,
Coordinate AP[index++][1]=y+radius;

7. | else

8. | printf(“Error: AP on room boundary\n”);

9. | index=index+1;

10. | End

11. | End

12. Result: Output Coordinate AP matrix

4.2. Experiment setting
Defines the Raspberry Pi Zero 2W board as a wireless transmitting device. Set the AP mode and set
the frequency at 2.4 GHz. The GA and ACO algorithms are used to manipulate the location of the device.

4.2.1. Simulation of indoor localization using genetic and ant colony optimization algorithm

For simulation of the proposed indoor localization system using GA and ACO, we set the initial
parameters as: 100 populations, 5% of mutation rate, and 100 iterations. The actual area following [4] is of
40 and 16 m shown in Figure 2, where the maximum random number of AP of random sampling is at 100.
The radius of AP coverage is about 6 m.

The cost function is computed using two parameters, the ratio of the area covered by the access
points APs to the total area being considered, and the optimal area which is determined by the difference
between the area covered by the Aps. And the total area is being considered. The optimal area parameter is
then used to calculate the fitness of each generation of the population, which is essential for determining the
optimal solution. The cost function of proposed algorithm can be evaluated by (7), (8):

. _ AP coper
ratiogp,,,, = ==, @)
optimal g,oq = AP.pper — Area, (8)

where the optimalarea is used to find the fitness of each generation of the population.

Figure 2(a) shows the fitness from GA versus the number of iterations at 100 populations that the
experimental result is shown the best answer about 30 iterations with all methods. Figure 2(b) shows the
comparison of the computational results a decision-making system using ACO with the random sampling,
roulette wheel method, tournament methods to sample the population. Figure 2(b) yields the results of the
answers chosen for the tournament method in 15, 24 and 25 iterations with the random and the roulette wheel
methods, respectively.

4.2.2. Simulation of indoor localization using GA and ACO via Xilinx Kria KR260

In this section, we describe the evaluation of the proposed GA and ACO through tests conducted on
two different hardware platforms. The first platform used the Xilinx Kria KR260 board in running Ubuntu
20.04 LTS with the GCC compiler, and the second platform was a MacBookPro-16inch running MacOS
Monterey 12.6.1 with the Xcode compiler. These platforms were chosen to represent common computing
environments in which the GA and ACO might be employed.
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The performance evaluation of the algorithm uses standard C/C++ language functions for execution
timing. We recorded the time it took to execute this starting from 100 iterations, increments of 100, up to
1,000 on each platform. Several experimental results were collected to calculate the average.

The purpose of testing is to identify differences or limitations in algorithm performance in different
computing environments. By testing GA and ACO on two different platforms, we aim to provide information
to developers and users of these algorithms who may consider implementing them in a variety of contexts.

The 2019 MacBookPro features a 2.3 GHz 8-core Intel Core i9 and 16 GB of 2,666 MHz DDR4 memory.
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Figure 2. Entry tracking of the calculation of the number of AP installed in the building with (a) genetic
algorithm and (b) ant colony optimization

The Xilinx Kria KR260 board is an affordable and compact robotic development platform that
incorporates a Xilinx Zyng system-on-chip (SoC) as illustrated in Figure 3(a). This SoC integrates two ARM
Cortex processors with a field programmable gate array (FPGA) fabric. ARM Cortex processors consist of
the 1.5 GHz of Cortex-A53 quad-core processor and 600 MHz of Cortex-R5 dual-core processor. The
platform features are 4 GB of DDR4 RAM, 16 GB of eMMC flash storage, and supports C/C++ and Python
programming languages. Additionally, Figure 3(b) shows the Raspberry Pi Zero 2W board as AP [4], with

dimension sizes of 65x30 mm. The Raspberry Pi Zero 2W board is powered by a 1 GHz of quad-core ARM
Cortex-A53 processor and 512 MB of LPDDR4 SDRAM.

resisne

(b)
Figure 3. The simulation on two hardwares (a) Xilinx Kria KR260 board and (b) Raspberry Pi Zero 2W board

Figure 4 illustrates the indoor localization using GA and ACO via MacBookPro and Xilinx Kria

KR260 board. It is measured in execution time (seconds) of two algorithms. Overall, it can be seen that four
increased as an execution time of two algorithms, but ACO via MacBookPro is the lowest. The GA running
on embedded platforms takes 2.2 times less execution time than the ACO for 1,000 iterations. Because the
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ACO algorithm does not use parallel processing application programming interfaces (APIs) to divide the
work among multi-cores in the processor.

4.3. Experimental results

The best results obtained from calculations with GA and ACO algorithms are used in the multi-AP
installation point decision-making process. Proposed algorithms and measure signal strength at different
designated points are shown in Figure 5. When AP is Raspberry Pi Zero 2W board and UE as user
equipment.
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Figure 4. Indoor localization using GA and ACO via MacBookPro and Xilinx Kria KR260
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Figure 5. Design of AP position by proposed algorithms for 3™ floor the library size 16x40 m?

The experimental results demonstrate the system’s ability to an investigation on the quality of the
wireless signal distribution in an indoor environment using GA and ACO algorithms. The results showed that
the measured signals had high overall quality, as demonstrated in Figure 6, and that the signal strength was
excellent at 11 measurement points, with values below -40 dBm. This level of signal strength was deemed
sufficient for knowledge discovery. However, the study also found that some areas had weaker signal
strength, such as UE; and UE,, from Figure 5 and compare with result in Figure 6 due to the presence of
obstacles such as concrete walls and signal-blocking materials in the construction. These results provide
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valuable insights into the challenges of indoor wireless communication and can be used to optimize the
placement of APs for better signal distribution in similar environments.
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Figure 6. RSSI of UE, measured by Raspberry Pi Zero 2W as a wireless AP, where n=1, 2, ..., 16

5. CONCLUSION

In this study, we proposed bio-inspired algorithms for WLAN indoor decision-making systems,
which included GA and ACO. The results showed that the proposed algorithms were effective in determining
the optimal number and position of APs installation for effective signal distribution through the designated
area. Notably, the GA processed 2.2 times faster on the Xilinx Kria KR260 board than the ACO for
1,000-iteration. The experimental results demonstrated that the system provided excellent signal strength in
the investigated scenarios with a maximum capacity of 10 to 20 users per AP. This research has significant
implications for indoor wireless communication and can be applied in a range of settings, such as educational
institutions, office buildings, and public spaces. Overall, the proposed system represents a promising solution
for optimizing WLAN indoor communication and signal distribution. Further research could investigate the
scalability of the proposed system for larger areas and higher user capacities.

ACKNOWLEDGEMENTS

The authors would like to extend their sincere appreciation to Assoc. Prof. Dr. Theerayod
Wiangtong at King Mongkut’s Institute of Technology Ladkrabang and Asst. Prof. Dr. Chairat
Aupathamguagoon at King Mongkut’s University of Technology North Bangkok for thier support and
suggestion in this research.

REFERENCES

[1] R. Kumar, S. K. Khatri, and M. J. Divén, “Optimization of power consumption in data centers using machine learning based
approaches: a review,” International Journal of Electrical and Computer Engineering (IJECE), vol. 12, no. 3, pp. 3192-3203,
Jun. 2022, doi: 10.11591/ijece.v12i3.pp3192-3203.

[2]  S. Prongnuch, S. Sitjongsataporn, and T. Wiangtong, “A heuristic approach for scheduling in heterogeneous distributed embedded
systems,” International Journal of Intelligent Engineering and Systems, vol. 13, no. 1, pp. 135-145, Feb. 2020, doi:
10.22266/ijies2020.0229.13.

[3] M. I A. Zamri, M. S. Hadi, A. N. S. Shaari, and N. M. Mokhtar, “Proportional integral derivative controller based on ant colony
optimization for vibration cancellation of horizontal flexible plate structure,” International Journal of Electrical and Computer
Engineering (IJECE), vol. 12, no. 4, pp. 3583-3594, Aug. 2022, doi: 10.11591/ijece.v12i4.pp3583-3594.

[4] A. Thitinaruemit, S. Sitjongsataporn, and S. Prongnuch, “Design and implementation of decisioning system for Wi-Fi access
point installation using genetic algorithm,” in 2022 International Electrical Engineering Congress (iEECON), Mar. 2022, pp. 1-4,
doi: 10.1109/iEECON53204.2022.9741593.

[5] Y. Chen,J. Wu, C. He, and S. Zhang, “Intelligent warehouse robot path planning based on improved ant colony algorithm,” IEEE
Access, vol. 11, pp. 12360-12367, 2023, doi: 10.1109/ACCESS.2023.3241960.

[6] Y. Chu, H. Ahmadi, D. Grace, and D. Burns, “Deep learning assisted fixed wireless access network coverage planning,” IEEE
Access, vol. 9, pp. 124530-124540, 2021, doi: 10.1109/ACCESS.2021.3108051.

Bio-inspired algorithm for decisioning wireless access point installation (Aphirak Thitinaruemit)



5004 O3 ISSN: 2088-8708

[71 V. Gadiraju, H.-C. Wu, C. Busch, P. Neupane, and S. Y. Chang, “Wireless sensor or access-point deployment using coverage-
area maximization over visibility graph,” in 2021 |IEEE International Symposium on Broadband Multimedia Systems and
Broadcasting (BMSB), Aug. 2021, pp. 1-7, doi: 10.1109/BMSB53066.2021.9547093.

[8] S. Chatterjee, M. J. Abdel-Rahman, and A. B. MacKenzie, “A joint optimization framework for network deployment and adaptive
user assignment in indoor millimeter wave networks,” IEEE Transactions on Wireless Communications, vol. 20, no. 11, pp.
75387554, Nov. 2021, doi: 10.1109/TWC.2021.3085563.

[91 D.-V. Nguyen, T.-K. Dao, E. Castelli, and F. Nashashibi, “A fusion method for localization of intelligent vehicles in carparks,”
IEEE Access, vol. 8, pp. 99729-99739, 2020, doi: 10.1109/ACCESS.2020.2995865.

[10] J. H. Lee, B. Shin, D. Shin, J. Kim, J. Park, and T. Lee, “Precise indoor localization: rapidly-converging 2D surface correlation-
based fingerprinting technology wusing LTE signal,” IEEE Access, vol. 8, pp. 172829-172838, 2020, doi:
10.1109/ACCESS.2020.3024933.

[11] T. D. Vy, T. L. N. Nguyen, and Y. Shin, “A precise tracking algorithm using PDR and Wi-Fi/iBeacon corrections for
smartphones,” IEEE Access, vol. 9, pp. 49522-49536, 2021, doi: 10.1109/ACCESS.2021.3069261.

[12] Y. Liu, Y. Jian, R. Sivakumar, and D. M. Blough, “Maximizing line-0f-sight coverage for mmwave wireless LANs with multiple
access points,” IEEE/ACM Transactions on Networking, vol. 30, no. 2, pp. 698-716, Apr. 2022, doi:
10.1109/TNET.2021.3122378.

[13] B. Zhou, W. Tu, K. Mai, W. Xue, W. Ma, and Q. Li, “A novel access point placement method for Wi-Fi fingerprinting
considering existing APs,” IEEE Wireless Communications Letters, vol. 9, no. 11, pp. 1799-1802, Nov. 2020, doi:
10.1109/LWC.2020.2981793.

[14] V. Gadiraju, H.-C. Wu, C. Busch, P. Neupane, S. Y. Chang, and S. C.-H. Huang, “Novel sensor/access-point coverage-area
maximization for arbitrary indoor polygonal geometries,” IEEE Wireless Communications Letters, vol. 10, no. 12, pp. 2767-2771,
Dec. 2021, doi: 10.1109/LWC.2021.3116561.

[15] M. A. Dastgheib, H. Beyranvand, and J. A. Salehi, “Optimal placement of access points in cellular visible light communication
networks: an adaptive gradient projection method,” IEEE Transactions on Wireless Communications, vol. 19, no. 10, pp. 6813—
6825, Oct. 2020, doi: 10.1109/TWC.2020.3006204.

[16] G. R. Gopal, E. Nayebi, G. P. Villardi, and B. D. Rao, “Modified vector quantization for small-cell access point placement with
inter-cell interference,” IEEE Transactions on Wireless Communications, vol. 21, no. 8, pp. 6387-6401, Aug. 2022, doi:
10.1109/TWC.2022.3148996.

[17] M. Jia, S. B. A. Khattak, Q. Guo, X. Gu, and Y. Lin, “Access point optimization for reliable indoor localization systems,” |IEEE
Transactions on Reliability, vol. 69, no. 4, pp. 1424-1436, Dec. 2020, doi: 10.1109/TR.2019.2955748.

[18] B. AL Maamari, “Measurement and optimisation of AP placement and channel assignment in wireless LAN,” International
Journal of Information Technology, Research and Applications, vol. 1, no. 3, pp. 29-43, 2022.

[19] M. P. Lima, R. H. C. Takahashi, M. A. M. Vieira, and E. G. Carrano, “Multiobjective planning of indoor wireless local area
networks using subpermutation-based hybrid algorithms,” Knowledge-Based Systems, vol. 263, Mar. 2023, doi:
10.1016/j.knosys.2023.110293.

[20] A. K. Anam and W. Sulistyo, “Optimization of access point arrangement and placement in the indoor room of SMP Negeri 6
Salatiga using genetic algorithm,” Jurnal Teknik Informatika (Jutif), vol. 3, no. 6, pp. 1765-1772, Dec. 2022, doi:
10.20884/1.jutif.2022.3.6.632.

[21] H. T. Malazi et al., “Dynamic service placement in multi-access edge computing: a systematic literature review,” IEEE Access,
vol. 10, pp. 32639-32688, 2022, doi: 10.1109/ACCESS.2022.3160738.

[22] S. M. Taleb, Y. Meraihi, A. B. Gabis, S. Mirjalili, and A. Ramdane-Cherif, “Nodes placement in wireless mesh networks using
optimization approaches: a survey,” Neural Computing and Applications, vol. 34, no. 7, pp. 5283-5319, Apr. 2022, doi:
10.1007/s00521-022-06941-y.

[23] P.-Q. Huang, Y. Zhou, K. Wang, and B.-C. Wang, “Placement optimization for multi-IRS-aided wireless communications: an
adaptive differential evolution algorithm,” IEEE Wireless Communications Letters, vol. 11, no. 5, pp. 942-946, May 2022, doi:
10.1109/LWC.2022.3151074.

[24] A. Famili and A. Stavrou, “Eternal flying: optimal placement of wireless chargers for nonstop drone flights,” in 2022
International Conference on Electrical, Computer and Energy Technologies (ICECET), Jul. 2022, pp. 1-6, doi:
10.1109/ICECET55527.2022.9873507.

[25] F. A. Karima and A. M. Shiddigi, “Optimization of access point positioning on Wi-Fi networks using the k-means clustering
method,” IPTEK The Journal for Technology and Science, vol. 33, no. 1, May 2022, doi: 10.12962/j20882033.v33i1.12402.

[26] J.Li, F.Lin, L. Yang, and D. Huang, “Al service placement for multi-access edge intelligence systems in 6G,” IEEE Transactions
on Network Science and Engineering, vol. 10, no. 3, pp. 1405-1416, May 2023, doi: 10.1109/TNSE.2022.3228815.

[27] V.-L. Dao, L.-N. Hoang, S. Girs, and E. Uhlemann, “Defeating jamming using outage performance aware joint power allocation
and access point placement in uplink pairwise NOMA,” IEEE Open Journal of the Communications Society, vol. 2, pp. 1957—
1979, 2021, doi: 10.1109/0JCOMS.2021.3103540.

BIOGRAPHIES OF AUTHORS

Aphirak Thitinaruemit 4 B8 © received his B.S. Tech. Ed. degree in telecomunication
engineering from the King’s Mongkut University of Technology North Bangkok, Thailand in
2007, and the M.Eng. degrees in Telecomunication Engineering from the Mahanakorn
University of Technology in Bangkok, Thailand in 2010. Currently, he is pursuing the D.Eng.
degree in Electrical Engineering (Telecommunications) in the Mahanakorn University of

— Technology. His research interests include internet of things and radio control, embedded
=) system and robotics. He can be contacted at email: thi.aphirak@gmail.com.
\~
[

Int J Elec & Comp Eng, Vol. 13, No. 5, October 2023: 4996-5005


https://orcid.org/0000-0003-4392-7757
https://scholar.google.com/citations?hl=th&user=s_ArV2gAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=56466078100
https://www.webofscience.com/wos/author/record/2127866

IntJ Elec & Comp Eng ISSN: 2088-8708 O 5005

Suchada Sitjongsataporn £ B8  received the B.Eng. (First-class honours) and D.Eng.
degrees in electronic engineering from Mahanakorn University of Technology, Bangkok,
Thailand in 2002 and 2009. She has worked as lecturer at department of electronic
engineering, Mahanakorn University of Technology since 2002. Currently, she is an Associate
Professor in electronic engineering and the Assistant President for Research in Mahanakorn
University of Technology. Her research interests are mathematical and statistical models in the
area of adaptive signal processing for communications, networking, embedded system, image
and video processing. She can be contacted at email: ssuchada@mut.ac.th.

Sethakarn Prongnuch £ B8 > received his B.Eng. degree in computer engineering from
the Rajamangala University of Technology Phra Nakhon in Bangkok, Thailand in 2011, and
the M.Eng. and D.Eng. degrees in computer engineering from the Mahanakorn University of
Technology in Bangkok, Thailand in 2013 and 2019, respectively. He has been an Assistant
Professor of Computer Engineering with Suan Sunandha Rajabhat University, since 2020. He
is currently the Head of Robotics Engineerig Department at Faculty of Industrial Technology,
Suan Sunandha Rajabhat University in Bangkok, Thailand. His research interests include
computer architectures and systems, embedded system, FPGAs, heterogeneous system and
robotics. He can be contacted at email: sethakarn.pr@ssru.ac.th.

Bio-inspired algorithm for decisioning wireless access point installation (Aphirak Thitinaruemit)


https://orcid.org/0000-0002-2357-2365
https://scholar.google.com/citations?hl=en&user=EQ8Pr28AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=21834573500
https://www.webofscience.com/wos/author/record/2119734
https://orcid.org/0000-0002-4950-7078
https://scholar.google.com/citations?user=rRPkIuwAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=55368030600
https://www.webofscience.com/wos/author/record/264430

