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Abstract- The accuracy of indoor positioning based on wireless local area network (WLAN) fingerprints depends on the 
algorithms used. Choice of which algorithm to use in positioning is a challenge. This study aims to compare the Euclidian 
distance (deterministic algorithm) and probability density function (probabilistic algorithm) in their accuracy. The signal 
samples were collected from the modelled study area using android mobile phone.  Then, the samples were analyzed to compare 
their performance in a specific environment. Comparisons were made with respect to the number of access points, number of 
reference points and number of samples. The experimental results show that, the probabilistic method has higher accuracy when 
adopting the signal relation than deterministic algorithm. 
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I. INTRODUCTION 
ocalization services (LS) depends on the choice of adequate algorithm to provide estimated accuracy in the region of 

localization. The Global Positioning System (GPS) can provide sufficient localization services in large cases. Unfortunately 

GPS suffers in indoor localization due to severe multipath and barrier attenuation [1]. As an alternative answer for indoor 

solution, [2],[3] recommended localization move towards using received signal strength indication (RSSI) in WLAN. The reality 

behind, is due to the growing availability of open and private WLAN and increasing demand of indoor localization[1]. 

 

Localization system for the indoor positioning should be adequate and realistic to various algorithms with measurable localization 

accuracy. The essential problem that affects the accuracy of the RSSI based localization system is the choice of algorithm to be 

used to calculate position from fingerprint database [1].  The localization accuracy necessary in mobile devices like smart phone 

relies greatly on the algorithm used during position calculation stage. If the sufficient algorithm is used in positioning stage, the 

position accuracy increases also. This implies that, the positioning system is affected by positioning algorithm. Currently, there is 

a conflict concerning the choice of algorithm which can be used for RSSI fingerprint database [4]. Subsequently, there are many 

algorithms with various considerations and more algorithms will be established consistently. Thus, it is important to understand 

how algorithm affects the indoor positioning accuracy.  

 

The understanding of accuracy relying on algorithm is important for location determination [5]. The particular algorithm is 

currently used to determine the location. However, the considerable study in [1] revealed that, the different algorithm may change 

localization system accuracy. On the other side, most existing data were collected and analyzed by considering one algorithm in 

position calculation stage. The same number of samples, reference point and access points (APs) can be used in offline and online 

phase. However accuracy varies as the algorithm changed. Thus, the different positioning algorithm would affect the indoor 
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localization application. The study results are evidently shown in section 4. This has motivated the current study in performance 

analysis of fingerprinting algorithms used in WLAN positioning system. 

 

The paper consists four sections. Subsequently after this brief introduction, Section 2 presents the measurement setup and 

positioning algorithm. Section 3 presents the related work. Section 4 investigates the performance of the algorithms on indoor 

positioning accuracy while section 5 concludes the paper. 

 

II. EXPERIMENT SETUP 
The examination was conveyed basing on precise measurements of the WLAN RSSI using Android smart phones and Wi-Fi 

detection software. One Android smart phone namely; HUAWEI Y330-U11 equipped with one RSSI collecting application 

software was used to collect samples of RSSI information from APs at the Computer laboratory room in the Institute of Science 

and Technology, Mbeya University of Science and Technology (MUST). The dimension of the room is nearly 8 m × 5 m. Four 

wireless APs located at height of 2.0 m above the floor was deployed as shown in Fig. 1. The four APs have the same models and 

of the same vendor. As appeared in Fig. 1, a small area is defined as a grid of 6 points (the solid red dots in Fig. 1). The minimum 

distance between two successive reference points known as grid spacing was estimated at a distance of 0.5 to 1 meter. Six 

estimation places as appeared in Fig. 1 meant as 1, 2, 3, 4, 5, and 6 were gathered the RSSI information. The 1, 2, 3, 4 up to 6 represent 

point 1, point 2 up to point 6 respectively. 

 

Figure 1: Location of four APs and the measurement points in the Computer laboratory room 

III. POSITIONING ALGORITHMS 

A. Deterministic technique 
The use of nearest neighbour techniques is quite common with WLAN fingerprinting systems. Essentially, the idea is to calculate the 
distance in signal space between pre-gathered, locations tagged fingerprints in a database and a runtime fingerprint to find the closest 
match. Different NN techniques differ in the distance computation methods used. Three representative methods are outlined 
hereunder. 
 
Euclidean Distance: This method used in [6] and other Wi-Fi location fingerprinting systems uses equation 1 to compute from the 
database the distance between fingerprints, each with an associated location and denoted by L, with a runtime fingerprint M. In 
equation 1, n is the number of APs considered in the fingerprints. In our study, this is the total number of APs in the area with the 
default unique fingerprint definition. And li is the mean RSSI value of AP i in the fingerprint from the database, whereas mi is the AP 
i’s mean RSSI in the runtime fingerprint. 
 
 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸(𝐿𝐿,𝑀𝑀) = �∑ (𝐿𝐿𝑖𝑖 − 𝑀𝑀𝑖𝑖)2𝑛𝑛

𝑖𝑖=1                                                                      (1) 
 
Manhattan Distance: Manhattan distance, which is also cited in [6], is another well- known NN method. It is defined as the sum of 
the absolute differences of values between fingerprint from database and runtime fingerprint as indicated in equation 2. 
 
 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀(𝐿𝐿,𝑀𝑀) = ∑ |𝐿𝐿𝑖𝑖 − 𝑀𝑀𝑖𝑖|𝑛𝑛

𝑖𝑖=1                                                                     (2) 
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Mahalanobis Distance: Mahalanobis distance is also another NN method considered in the WLAN fingerprinting literature [7]. It is 
more sophisticated compared to the previous two methods and accounts for correlations between compared vectors. An interesting 
feature of Mahalanobis distance is that it is based on assumptions of stable patterns of RSSI distributions and it also puts into 
consideration variance in RSSI as done in probabilistic techniques [8], [9]. Mathematically, Mahalanobis distance calculation is shown 
by equation 3 where L is the covariance matrix of L and M of the same distribution. 
 
 𝑀𝑀𝑀𝑀ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝐿𝐿,𝑀𝑀) = �(𝐿𝐿 −𝑀𝑀)𝑇𝑇𝐿𝐿−1(𝐿𝐿 −𝑀𝑀)                                                          (3) 
 
Localization deterministic approach utilized as part of our experiment relies on Euclidian NN technique. It is mobile supported 
solution, which implies that versatile station gives measured information to the server, which processes its position.  Equation 1 is the 
Euclidean distance mathematical formulae utilized for this study. The location of the mobile user is estimated by averaging the 
coordinates of the minimum Euclidean distance as it is shown in equation 1. 

B. Probabilistic method 
The method commonly considers positioning as a classification problem. Assuming that there are n reference points: L1, L2 L3...Ln 
and S is the examined signal strength vector. Define P((Li|s �)) as the probability of the user in location Li , the decision rule can be 
obtained: 
Choose L1, if  P((Li|S �))> P((Lj|S �)), for j = 1,2…,n, j≠ i                                                          (4)  
According to Bayes rule, it is known that P((Li|S�))= P((S�Lj

�)) P(S) / P(Lj). If assuming all the test points have equal probability to be 
accessed and there is no prior knowledge about whether they are available P(Li)= P(Lj) for i, j = 1, 2,3,..n), the decision rule can be 
transformed to:  
Choose Li , if P((S|Li

�))> P((S�Lj
�)),  > , for j = 1,2…,n, j≠ I                                                                            (5) 

Localization probabilistic approach utilized as part of our experiment relies on normal difference probability density function (PDF). It 
calculates probability density function values of each common relation that is found between user retrieved beacons and database 
beacons. Then for every position, it sums up that probability density function values and divides it with the amount of relations with 
respect of discarding positions that have fewer relations compared to receive signal. The resultant value is not the probability per se, 
because in continuous normal distribution, probability of a single point is zero. Equation 6 and 7 demonstrates probabilistic 
mathematical formulae utilized for this study.  
 

𝐹𝐹(𝑧𝑧) = 𝑒𝑒
(−
�𝑧𝑧−�µ𝑥𝑥−µ𝑦𝑦 ��

2

2�𝛿𝛿𝑥𝑥2−𝛿𝛿𝑦𝑦2 �
)

�2𝜋𝜋�𝛿𝛿𝑥𝑥2−𝛿𝛿𝑦𝑦2�
                                               (6) 

  
 𝑃𝑃(𝐿𝐿) = ∑ 𝐹𝐹(𝑧𝑧𝑖𝑖)

𝑛𝑛
𝑖𝑖=1

𝑛𝑛
                                                              (7) 

 
 

IV. RELATED WORK 
The study was focusing on the comparison of two fingerprint algorithms (deterministic and probabilistic) to compare their 
performance accuracy. However the same work was done by [10], although they didn’t consider the signal relations. Their 
consideration was just the smoothing histogram by utilizing the nearby histogram. Nevertheless, they fail to explain how they 
overcome the problem of signal with low relation in probabilistic algorithm. Another study was done by [11] considering 
comparison of deterministic based on NN and probabilistic PDF with the mean standard deviation of RSSI samples to determine 
the accuracy. However, in [11] the evaluation criteria were emphasising in reducing error during offline phase only.  Also [11] 
failed to explain how they overcome signal with low relation for probabilistic algorithm. On the contrary, the test results in [12] 
demonstrated that the accuracy of the two algorithms were same. 
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V. ANALYSIS OF THE RESULTS 
The experiment aims to compare performance accuracy between two fingerprint algorithms (deterministic and probabilistic). 
It is necessary to note that the set up was the same between offline and online phase. This comparison was examined 
histogramically and statistically.  In the experiment, radio map was created by using four (4) APs. Results of the experiment 
are shown in Table 1and Figure 2. 
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Table 1: Estimated results for Euclidian (NN) versus Probabilistic (PDF) algorithm 

 

 
Figure 2: Accuracy comparison of Euclidian (NN) versus Probabilistic (PDF) 

From Figure 2 it can be seen clearly that, the probabilistic (PDF) has small error compared Euclidian (NN).  Both algorithms have 
shown lower localization error in reference point 4. Though, it is clear that lower localization error in probabilistic was obtained at the 
point with the higher probability of being selected as the correct location. Achieved estimated results are shown in Tab. 1. 
 

VI. CONCLUSION 
This paper examines the effect of algorithm in fingerprinting based localization. It is apparent that positioning error significantly 
depends on algorithm utilized in fingerprint positioning systems. Therefore, the algorithm utilized in fingerprinting localization has 
serious impact on positioning accuracy. In general, the probabilistic method has the higher accuracy when adopting the signal relation 
than deterministic algorithm. 
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To future, it is important to find the best among deterministic algorithms for proper accuracy comparison with probabilistic algorithm. 
Such setup will help to come up with the best fingerprint positioning algorithm. Other objective is to propose distribution of radio 
guide points, which can help to minimize localization error. 
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