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Abstract— The indoor positioning system (IPS) has generated a considerable amount of interest in recent times, 
and the prosperity of the system's development is heavily reliant on its ability to accurately locate objects. The 
performance measure is significantly impacted by the location of access points (APs). However, the bulk of 
previous studies have tended to overlook the matter of optimal AP placement and efficient design for IPS due to 
the dependence on pre-existing installed APs, which were chiefly formulated for coverage objectives. In this 
investigation, an optimal placement function - which is reliant on mean and variance - has been developed using 
received signal strength (RSS) measurements data. The performance evaluation in this research is based on 
experimentation and compared with currently employed placement methods. The results indicate that the most 
optimal function value for the suggested method is 1.5714, which is substantially smaller than the values for 
rectangular, triangular, and triangular II, which are 12.468, 5.5364, and 8.5147, respectively. When the 
recommended placement strategy is employed instead of the existing ones, the weighted K-nearest algorithm 
(WKNN) for location error, using average RSS as the fingerprint radio map database, yielded a heightened degree 
of precision. 
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1. INTRODUCTION  

The growing interest in wireless technologies has brought Indoor Positioning Systems 

(IPS) to the forefront as a noteworthy area of investigation [1], which represents a significant 

advancement in current wireless technologies. As a result, there has been a heightened focus 

on analyzing the propagation characteristics of indoor and outdoor wireless network 

environments [2, 3]. In situations when global positioning system (GPS) signals are difficult to 

reach receivers within buildings, IPS that employ radio frequency (RF) waves for indoor 

wireless systems are often recommended as viable replacements. [4, 5]. However, it's crucial 

to keep in mind that, in contrast to outside situations, indoor conditions frequently prohibit 

line-of-sight connection among the reference nodes and receivers. As a result, the effect of 

multipath and attenuation of various barriers have a substantial impact on radio signal 

transmission within indoor environments. These factors could potentially lead to the 

degradation of indoor positioning systems' accuracy [6, 7], which presents significant design 

challenges for these systems. 

The location fingerprinting technique is the easiest strategy among the several 

approaches that use radio frequency for indoor positioning, such as Angle-of-Arrival (AOA) 

and Time-of-Arrival (TOA) measurement. This technique is based on the assumption of a 

substantial relationship amongst received signal strength (RSS) variations and their 
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corresponding locations [8]. It is appealing because practically all wireless transceivers are 

capable of measuring RSS, eliminating the requirement for specialized devices for mobile 

users. In design, obtaining or computing location information is critical. 

The remainder of this article is organized as follows. The second section includes an 

overview of important studies. Section 3 describes the technique of the experiment, while 

Section 4 gives the results and discussion. Section 5 concludes with a quick overview of the 

research. 

2. RELATED WORK 

Initial design of Wi-Fi networks did not prioritize the implementation of locating services, 

leading to a decline in localization accuracy. The use of triangulation has become a common 

method for locating mobile devices; however, this technique requires a strong signal from three 

reference Access Points (APs), which are generally unavailable in Wi-Fi networks [2, 3]. In the 

context of location sensing, the precision of position calculation is impacted by the quantity and 

placement of reference sites [9]. This necessitates a revaluation of Wi-Fi installation strategies 

to enhance IPS accuracy. 

It is pertinent to note that the number and location of APs have a significant influence on 

the accuracy of IPSs utilizing wireless networks [10, 11]. Previous initiatives [12-14] have 

primarily focused on optimizing Wireless Local Area Network (WLAN) performance through 

AP location for data services. However, this paper specifically addresses the deployment of 

APs for indoor positioning. Our study proposes a method for enhancing Wi-Fi AP placement 

to increase IPS accuracy. 

In [15] a simulated annealing approach in determining the optimal configuration of Wi-

Fi access points for IPS was proposed. The proposed framework entails the placement of an 

access point (AP) at every intersection of the finite grid that covers the territory map. Utilizing 

models of wireless signal propagation, the coverage area of each Access Point (AP) is 

determined. The optimization of AP placement is achieved by approximating the total number 

of APs that are expected to be in close proximity to a given mobile terminal location. It should 

be noted, however, that the technique may not be suitable for real-time applications due to its 

computational requirements and it is based on the presumption that the environment is stable 

and unchanging., without taking into account dynamic barriers or interference on Wi-Fi signal 

transmission. Additionally, prior knowledge of the environment is required, rendering it 

infeasible for situations that are unknown or constantly changing. 

The improvement of an IPS's overall performance was pursued through the introduction 

of a novel optimization approach in [16], which aimed to place reference nodes (RNs) in the 

best possible location. The method puts forth an arithmetical problem that formulates the 

placement of RNs, with the objective of reducing the number RNs and locating them within the 

IPS. Binary integer linear programming (BILP) is used to solve this problem. To gauge the 

effectiveness and efficiency of this strategy, an extensive simulation model comparison was 

conducted, inclusive of node placements from additional research and ideal node placement 

methods from the optimal process. It is crucial to point out that the simulation model used in 

the study was unable to precisely recreate the variety of real-world indoor situations, which 

may have implications for the generalizability and application of the results. 
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In [17], the author developed a three-dimensional (3D) coverage location model for         

Wi-Fi access APs in indoor environments that incorporates a generic radio propagation model 

and considers normal building obstructions included in the typical coverage framework. The 

proposed methodology utilized 3D Euclidean distance to characterize radio signal penetration 

and create an effective AP placement strategy for a multi-story structure on a university 

campus. The study's empirical findings included 3D renderings of options for multi-floor Wi-

Fi AP placement, expected to offer a helpful modeling framework for merging facility location 

models with wireless network architecture in a 3D environment. However, it should be noted 

that the model may not apply to other types of buildings or environments, as this was not 

explicitly addressed in the study. Moreover, the lack of comparison of the proposed model with 

other existing models or tools for Wi-Fi access point planning is a potential avenue for future 

research. 

In [18], a Genetic Algorithm technique was proposed to improve the quality of IPS by 

carefully altering the placements of the access points. The goal of this modification is to ensure 

that the combination of received signal intensities in each set area block is distinct, 

accomplished using a Fitness Function that considers the observable changes in signatures 

across neighbor blocks. The log-normal shadowing path loss model was used in each block to 

estimate the values of the Received Signal Strength Indicator (RSSI). However, it must be noted 

that this technique may not be universally applicable to all indoor environments, as the results 

may depend on the structure of the building and the number of access points employed. 

A system was presented by [19] for a managerial device that can proficiently employ the 

positions of both the indoor positioning monitor device and the Wi-Fi access node (WFAN) in 

an experimental setting. The system was meticulously designed to incorporate BLE beacons for 

indoor positioning, while the mobile device carries the WFAN to suitable locations within the 

indoor environment. The results obtained from experimentation revealed that the estimated 

position and the actual position of the managerial device had a mean difference of only 0.807 

m. This observation indicates that the proposed system has the potential to significantly 

enhance wireless access quality by relocating the WFAN to optimal positions in the indoor 

environment relative to other environment devices. Notably, the experiments were conducted 

in a limited area. 

Researchers in [20] have developed an innovative approach to enhance the performance 

of Wi-Fi APs for indoor location. The method, named Fast Water-filling algorithm Group Power 

Constraint (FWA-GPC), takes into account the critical issue of power consumption during AP 

optimization, which is particularly significant in large indoor spaces where signal coverage is 

required. Unlike the conventional practice of assigning a single AP to each potential AP site, 

FWA-GPC enhances scalability by considering spare APs when existing APs fail. To 

demonstrate the scalability of the recommended technique, the same experimental procedure 

was replicated in a different location, measuring 57 m by 25 m, on the same level of a building. 

The results indicate that the proposed strategy outperforms conventional methods in terms of 

localization precision and power consumption. Despite these advantages, it is important to 

acknowledge the limitations of this proposed method. Specifically, it may not be feasible to set 

the entire number of APs at each potential site to an integer, as required by the recommended 

technique, leading to potential localization errors. Furthermore, the research lacks a 

comprehensive comparison with other indoor locating methods. A more in-depth evaluation 
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of the benefits and drawbacks of the suggested methodology can be achieved by comparing it 

to existing methods. Nonetheless, this approach shows great potential for enhancing the 

precision and scalability of indoor positioning systems. 

The Wireless Optimization Algorithm for Indoor Placement (WOAIP) is a multi-level 

optimization technique that is based on Binary Particle Swarm Optimization (BPSO) and was 

presented in [21]. The primary aim of this algorithm is to efficiently distribute APs across 

multiple floors, resulting in a seamless coverage that maintains Quality of Service (QoS) while 

being cost-effective. To evaluate the effectiveness of the complete network, five RSS criteria 

were defined: the total number of APs, the overall percentage of TPs covered, the coverage 

ratio, the fitness of the coverage, and the fitness of the AP location. The algorithm was subjected 

to extensive testing by comparing the data obtained by Wireless In-Site (WI) software to the 

current wireless simulated actual AP installation of the chosen building. The test findings 

indicate that the WOAIP performed exceptionally well in terms of AP placement and 

optimization, increasing the wireless coverage ratio from 58.5% of existing AP coverage to 

92.93%. Furthermore, it was demonstrated that the quantity of AP devices required is directly 

related to the RSS signal level. It is worth noting that the suggested technique was specifically 

evaluated in a building in University of Baghdad; therefore, the findings may not be 

generalizable to other structures or situations. 

This particular study propose a flexible and cost-effective approach to augment the 

precision of indoor positioning, through the utilization of Wi-Fi infrastructure. Further, the 

proposed scheme can be implemented in various indoor areas, subject to their complexity and 

dimensions, thereby rendering it a versatile option for diverse applications. Experiments 

conducted in a real-world setting were employed to evaluate the efficacy of the suggested 

technique 

3. METHODOLOGY 

3.1. The Proposed Optimal Access Point Placement 

This section presents the optimal APs placement based on the summation of variance 

and mean of the most optimal configuration. Fig. 1 is the framework of the proposed 

placement. 

In order to determine the optimal locations for Wi-Fi access points (APs) within an 

indoor environment, it is imperative to partition the space into square blocks. These blocks are 

demarcated by up to eight adjacent cells, a method employed to optimize computations and 

ensure uniformity in size. Additionally, each cell is denoted by a unique received signal 

strength indicator (RSSI) signature, which is a vector consistently indicating the RSSI values 

of all Wi-Fi APs. The principal objective of this research is to identify the most advantageous 

positions for Wi-Fi APs to minimize the number of cells with distinct signatures, or at the very 

least, guarantee that neighboring cells possess dissimilar signatures. These will ensure the IPS 

precisely locates the device or detect its movement between different cells. The point of 

intersection of each cell is labelled as Reference Point (RP). 

𝑅𝑃𝑗 = (𝑥𝑗 , 𝑦𝑗)        𝑗 = 1, ⋯ , 𝑁            (1)  

where (xj, yj) are the coordinate points of the RPs and N is the total number of RPs. 
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AP is placed at any desirable point and the initial received signal strength (RSS) called 𝑃𝑓 is 

computed as shown in Eq. (2) 

           𝑃𝑓 = [
𝜑𝑖  

⋮
𝜑𝑁

]               (2) 

Two state threshold “λ” is defined to convert Eq. (2) into a new matrix of zeroes and 

ones. 

 𝜑𝑖 = {
1,    𝑖𝑓 − 55 𝑑𝐵𝑀 ≥ 𝑃𝐴𝑃1 ≥ −60 𝑑𝐵𝑀 𝑎𝑛𝑑 𝑃𝐷 ≤ 10 𝑚

0,     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                         
         (3) 

where 𝜑𝑖 is the RSS value at each RP, 𝑃𝐴𝑃1 stand for RSS of AP1 and 𝑃𝐷 is the distance of AP1 

from RPs; Eq. (3) is the “λ” condition in terms of RSS and distance.   

 If the value of  𝑃𝑓(i) is equal to zero, it can be considered logically false, and as a result, 

the RSS for all index i fails to meet the th condition. Conversely, if the value is equivalent to 

one, it can be deemed as logically true, thereby indicating that the RSS satisfies the condition. 

The deployment algorithm in Fig. 2 is then used on every point that satisfies the condition. 

𝐴(𝑖) = [

𝑥𝑖 𝑦𝑖

⋮ ⋮
𝑥𝑙 𝑦𝑙

]              (4) 

where 𝐴(𝑖) is the number data base recorded at each increment of AP as deployed in the 

experiment. The optimal access point selection criteria are formulated as follows. Recall that the 

inverse square power law states that the characteristics of the received signal intensity are 

inversely proportional to the distance separation. 

 

 

Fig. 1. Framework of the proposed optimal placement of APS. 

Consequently, an optimal selection technique utilizing a diffusion approach is 

implemented. For the K number of AP located in an indoor environment, the received power 

Division of the location into grids 

Selection of the first location based on user 

Measurement of the RSS at each RPs 

Identification of the dead zones 

Deployment of the placement strategy algorithm 

Calculation of the optimal function 

Selection of the optimal configurations 
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is calculated by a situated path loss model. So, there will be k number of path loss. Eq. (5) is 

selection criteria and using a negative path loss value is undesirable, hence the need for an 

absolute version is depicted by the equation [22]. 

 |𝑝𝑚𝑛| =
𝑝𝑚𝑛−𝑝𝑚𝑖𝑛

𝑝𝑚𝑎𝑥−𝑝𝑚𝑖𝑛
             (5) 

Where 𝑝𝑚𝑛  is the power received at the location, 𝑝𝑚𝑎𝑥  is saturated power at the reference 

distance 𝑑𝑜  and 𝑝𝑚𝑖𝑛  is the minimum received power. The optimal selection function is 

derived from the average and variance of the RSS received from the access points. The mean 

and variance are computed with Eqs. (6) and (7) respectively. 

 𝑝𝑚𝑛 =
1

𝑁𝑇−1
∑ ∑ |𝑝𝑚𝑛|𝑁

𝑛=1
𝑀
𝑚=1             (6) 

 𝜎𝑚𝑛
2 =

1

𝑁𝑇−1
∑ ∑ (|𝑝𝑚𝑛| − 𝑝𝑚𝑛)2𝑁

𝑛=1
𝑀
𝑚=1            (7) 

 min 𝑂 = ∑ ∑ 𝑤1
𝑁
𝑛=1

1

𝑝𝑚𝑛
+ 𝑤2𝜎𝑚𝑛

2 + 𝐿𝑀
𝑚=1          (8) 

where 𝑁𝑇 is the total number of reference points, 𝑂 denotes the optimal selection function, 𝑤1 

and 𝑤2 are weighted variables and L is a No function to be accommodated in case of a dead 

zone where Wi-Fi RSS is not detected, if this happens, L will be assigned a big integer value, 

causing O to produce a large value, and so such a configuration will not be optimum.                       

w1 = 0.5w2 while w2 is inversely proportional to the number of APs. 

 

Algorithm: APs deployment technique 

Input: AP1 = (𝑥, 𝑦) & Total 𝐴𝑃𝑠 = 𝐴𝑃𝑇  

Output: All detected location A {1: Stop} 

i. Compute RSS at RPs from AP1 

ii. Perform the conditions 

iii. Save the detected locations in A{i) 

              LOOP Process 

iv. for i = 1 to 𝐴𝑃𝑇 – 2 do 

v. Acquire points from A{i} 

vi. Compute RSS 

vii. Perform the conditions 

viii. Save in A {I + 1} 

ix. end for 

              Stop LOOP Process 
 

Fig. 2. Optimum APs deployment algorithm. 

3.2. Evaluation of the Proposed Optimal Access Point Placement 

In this section, the measurement of positioning accuracy is conducted for the optimal 

placement configuration. The weighetd k nearest neigbor (WKNN) algorithm is utilized, 

where K RPs with the smallest values are selected in conjunction with a weighted average 

employing Eq (9). The rationale behind this selection is based on its superior positioning 

accuracy compared to k nearest neigbor (KNN), as well as its widespread adoption as a 

matching algorithm [23]. 

 𝑤𝑖𝑇 =

1

𝐷𝑖𝑇

∑
1

𝐷𝑖𝑇

𝐾
𝑖=1

              (9) 
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Where 

𝐷𝑖𝑇 = [
∑ (|𝑅𝑆𝑆𝑇

𝑗
−𝑅𝑆𝑆𝑖

𝑗
|)

𝑡
𝑚
𝑗=1

𝑚
]

𝑖

𝑡

, 𝑖 = 1,2,3, … , 𝑛         (10) 

 

From Eq. (10), 𝑅𝑆𝑆𝑇
𝑗
 is the measured RSS value from APs at TP; 𝑅𝑆𝑆𝑖

𝑗
 is the measured 

RSS value from the APs at the RPs, t is a distance form, if ‘t’ is one 𝐷𝑖𝑇  is Manhattan distance 

whereas if  ‘t’ is two 𝐷𝑖𝑇  is Euclidean distance and m denote the total number of APs.  

3.3. Experimental Setup 

A trial was conducted to examine the proposed arrangement on the second floor of the 

NLNG Building, situated within the Faculty of Engineering and Technology at the University 

of Ilorin, in Ilorin, Nigeria. The experimental setting, as depicted in Fig. 3, spanned 

approximately 42mx25m and featured laboratories, a lobby, sections of staircase, and a 

seminar area. Fig. 3 depicts the floor plan, while the corresponding of few of the real 

surroundings are shown in Fig. 4. 

The heterogeneity of the structures of various devices resulted in varying signals 

received from a singular access point. To address this concern, a single type of smartphone 

(Tecno Camon 18P) was utilized in the measurement process. The sampling rate was fixed at 

2 s. To minimize any potential orientation bias, the smartphone was positioned randomly and 

stabilized on a tripod. 

  

Fig. 3. Floor plan of the study location. 

4. RESULT AND DISCUSSIONS 

In this section, the result of the outcome and experimentation of the proposed optimal 

Access Point (AP) placement has been analyzed. The proposed technique is calculated on the 

RSS measurement based on the procedures accentuated in Section 3. Fig. 5 shows all the six 

optimal placement with the star symbol depicting the AP locations and the optimal placement 

function of the six derived configurations, including the mean, variance optimal function, and 

the number of dead zones, is tabulated in Table 1. Placement 5 has been selected as the optimal 

since it has a zero number of dead zones and yields the lowest optimal function.  
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Fig. 4. Sample of selected view of the study environment. 

 

 

Fig. 5. Optimal AP placement locations 

Placement I Placement II 

Placement III Placement IV 

Placement V Placement VI 
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Table 1: Optimal function of the placement results. 

Placement 
Mean 

[ 𝑝𝑚𝑛] 

Variance 

[𝜎𝑚𝑛
2 ] 

Optimal 

function, O 

Number of dead 

zone 

I 0.1820 0.0401 1.6463 1 

II 0.1786 0.0322 1.6605 2 

III 0.1038 0.0243 2.2516 3 

IV 0.2007 0.0360 1.6080 1 

V 0.2041 0.0322 1.5714 0 

VI 0.1846 0.0254 1.6263 1 

 

Table 2 displays a comprehensive comparison amongst various pre-existing deployment 

patterns. The symmetrical placement was implemented and the optimal placement was 

calculated for each pattern utilizing Eq. (10). Any location experiencing an RSS value 

exceeding -120 dBm is considered to be a dead zone, because some of the areas such in the top 

left and right rooms have fairly low coverage signals, roughly at about ≤−120 dBm. This poor 

signal may result from the thickness of the surrounding walls, which absorb about 14 dBm of 

transmitted signal [24]. The method introduced in this study shows a mean value of 0.2041 

and a variance value of 0.0322, thus generating an optimal function of 1.5714 and providing a 

coverage of 45% compared to the pre-existing placement. Additionally, it guarantees complete 

Wi-Fi signal coverage in all areas of the study location, as it is devoid of any dead zones. 

 
Table 2: Comparison between proposed optimal placement with pre-existing deployment patterns. 

Placement 
Mean 

[pmn] 

Variance 

[σmn
2 ] 

Optimal 

function, O 

Number of 

dead zone 

Proposed 0.2041 0.0322 1.5714 0 

Rectangular 1.2078 0.0544 12.468 13 

Triangular 0.9658 0.0187 5.5364 0 

Triangular II 1.0072 0.0183 8.5147 15 

 

Fig. 6 presents the boxplots of the position errors for the four placements, (proposed, 

rectangular, triangular, and triangular II placement). The boxplots incorporate various metrics 

such as the 90th, 75th, mean, 25th, and 10th percentile errors. The results indicate that the mean 

position error for the proposed placement is 2.50 m, which is superior to the 2.80 m for the 

rectangular placement, 2.73 m for the triangular placement, and 2.59 m for the triangular II 

placement technique. This superiority can be attributed to the proposed placement's ability to 

amplify the identification of the nearest high-quality RPs' point, thereby enhancing the IPS's 

positioning accuracy. 
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Fig. 6: Comparison of the position accuracy in terms of placement techniques by boxplots. 

 

5. CONCLUSION 

The accuracy of indoor positioning technologies is heavily influenced by the placement 

of access points. In this article, we have undertaken an investigation into the most effective 

methods for positioning access points for IPS. Specifically, we have explored approaches for 

positioning access points that will enable the signal to be obtained from the best reference APs 

within an indoor environment, while minimizing the number of APs required. Through the 

computation of the mean and variance, we have established an optimal placement function, 

which has been subjected to experimental verification. The results of this experiment 

demonstrate that our proposed strategy - which employs the WKNN algorithm and has a 

mean error of 2.50 m - offers the lowest optimal function and 45% coverage when compared 

to existing placement strategies. As compared to traditional methods of uniformly distributing 

Wi-Fi access points, the outcomes of this methodology reveal a significant enhancement in the 

precision of indoor positioning.  
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