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1. INTRODUCTION 

Utilizing onboard smartphones wireless chipsets and 

sensors provide a huge number of services and/or 

applications. The health care services, billing, 

navigations, shopping recommendations, advertisements, 

and sport activities, news and weather predictions are the 

most famous applications of the smartphone holders (Ali 

et al., 2019a). The main unique feature of these services is 

utilizing smartphone’s position information. Further, 

since the people’s life is spent indoors more, the demand 

of using location-based services (LBS) by smartphone 

holders for indoors has been increased day-by-day (Ninh 

et al., 2020). To run these services, many smartphones 

technologies and techniques have been used. For example, 

fingerprinting positioning technique with Bluetooth and 

Wi-Fi RSS values, triangulation via cellular signals, dead- 

reckoning by using inertial sensor measurements, and 

trilateration via GNSS. 

Furthermore, the positioning solutions based on RSS 

values can be divided into two classes: 1) distance-based 

technique which is based on RSS propagation model and 

2) fingerprinting based technique. The distance-based 

technique needs the path loss calculation and the location 

information of each Wi-Fi access points (WAPs). While, 

the fingerprint positioning technique doesn’t need such 

information, it only needs the survey of the area/buildings 

to construct dataset positioning. Also, when the 

fingerprint technique is applied, smartphone position can 

be calculated by implementing a matching 

 

 

 
When smartphone holders are entering to the urbane area or indoors, the performance of GPS service will 
be degraded or sometime cannot retrieve location information due to blocking the GPS signals through the 
roofs or walls of the buildings. Beside this, many onboard smartphones wireless chipsets or sensors’ 
readings can be used as alternate technologies to provide location information including Wi-Fi, Bluetooth, 
cellular, and inertial sensors. However, these technologies during positioning process will faced its own 
limitations such as: none-line-of-sight signals, multipath signals, and sensor drift or accumulated error. For 
these reasons, it is very difficult to provide a good positioning accuracy, when only a single technology is 
utilized alone. The aforementioned limitation of positioning technologies motivated us to propose a new 
positioning solution based on hybridize two different technologies measurements including received signal 
strength (RSS) of the Wi-Fi access points and onboard smartphone magnetometer readings within 
fingerprinting positioning technique. The hybridization of these technologies is based on taking their 
advantaged and mitigating their drawbacks. In addition to that, this study also provided an improved 
version of matching algorithm of the fingerprinting technique by applying the concept of boosting-dataset 
records. A set of real trial experiments are conducted to prove the validity of the proposed solution. The 
obtained results of the experiments show that the proposed positioning solution can provide an enough 
positioning accuracy, up to 0.13 meter. 
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algorithm between current RSS values and the stored 

RSS values in the constructed dataset (Mendoza- 

Silva et al., 2018). 

Basically, the fingerprint positioning technique is 

implemented by applying both offline and online 

stages (Ashraf et al., 2019). With the offline stage, 

the area of the buildings is surveyed by collecting 

WAPs RSS values and storing this information as a 

record in the dataset. Each record of the RSS values 

contains the RSS values of the WAPs in the vicinity 

and the corresponding location coordinates of each 

fingerprint. While with the online stage, the current 

RSS values of the WAPs are compared with the pre- 

stored RSS values via implementing the matching 

algorithms (Ali et al., 2019b). However, the accuracy 

of the fingerprint positioning technique is relying on 

the quality and stability of the measured RSS values. 

This is due to the fact that when indoors, scattering, 

absorption, and diffraction events will have an 

impact on the RSS values as they propagate through 

the buildings. Additionally, when RSS values are 

used with fingerprinting technique, 1) the coverage 

of WAP signals, 2) the instability of calculating RSS 

values via onboard smartphone chipsets within 4 

dBm, and 3) WAPs signal interference with other 

wireless technologies within the same frequency 

channels are another drawback (Hosseini et al., 

2021). Therefore, relying solely on RSS data for 

positioning solutions won't result in good positioning 

accuracy. 

In another vain, many positioning solutions have 

been proposed based on using magnetic field via 

magnetometer measurements instead of using WAPs 

RSS values. Note, due to having different values of 

magnetic field at each point in the buildings, such 

information can be used to identifying location 

information for each fingerprint in the indoors 

(Kuang et al., 2021). However, indoor structures and 

materials like steels or noisy objects will have an 

impact on the magnetic field (Yeh et al., 2019). The 

advantages of RSS and magnetic measurements 

might be used to integrate or hybridize the RSS data 

and magnetic fields within the fingerprint positioning 

technique as a viable remedy for these restrictions 

(Hanley et al., 2021). 

Therefore, in this work, the advantages of both 

technologies have been taken and the weaknesses are 

mitigated via combing their measurements in the 

fingerprint technique. The key contributions of this 

work are: 

 A comparison of the advantages of hybrid 

magnetometer sensor measurements and Wi- 

Fi RSS values for positioning with the 

fingerprint technique. 

 Improving the fingerprinting technique by 

applying statistical equation and dataset 

record-Boosting concept. Further, statistical 

approach is to apply the mean values of the 

WAPs RSS and magnetometer measurement 

records as extra records into the collected. 

The next section of this article are structured as the 

following, section 2 surveyed on the current indoors 

positioning solution based on fingerprinting 

technique and investigate the weaknesses of the 

current solutions. The details of the proposed 

approach is explained in section 3. While section 4 

demonstrated how the dataset is constructed as well 

as the conducted real trial experiments with the 

obtained result is explained in section 5 and section 

6. At the end, section 7 concluded the contributions 

and the achievements of the proposed approach. 

 

2. Related Works 

Thanks for existing other wireless technologies such 

as Wi-Fi signals and onboard smartphone sensor 

including inertial sensors which can be utilized for 

indoor positioning. However, most of the available 

positioning suffers from positioning accuracy. For 

example, RSS-based techniques provide unstable 

positioning accuracy due to existing of interference 

issue, multipath/non-line-of-sight signals, and 

obstacle reflection. Also, inertial sensor 

measurements, such as magnetometer sensor, are 

learning by fluctuation and drift experiences. 

Therefore, in this section some recent solutions 

related to indoor positioning based on RSS 

(specifically via fingerprinting technique) and 

magnetometer measurements are investigated. 

Wi-Fi fingerprint localization methods based on 

important access points (IAP) have piqued the 

interest of certain researchers who want to develop a 

dataset of location fingerprints and estimate location 

interior placement (Dari et al., 2018).The IAP is the 

Wi-Fi access point with the strongest received signal 

(RSS). The positioning algorithms were presented to 

improve positioning accuracy by determining 

location. However, the average positioning 

inaccuracy was larger than 2 m in the testing findings 
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of positioning algorithms. 

Authors in (Keser et al., 2018) proposed an F-score- 

weighted indoor location technique that incorporated 

Wi-Fi-RSS and Magnetic field (MF) fingerprints. 

Note, the MF has been converted to world coordinate 

phase in combined with accelerometer and gyroscope 

measurements and then to calculate smartphone 

rotation with the north-pole. In the offline phase, the 

recommended solution was to generate an IPS 

training dataset based on Wi-Fi-RSS and MF 

fingerprints values at each RP location. The F-score 

weighted indoor positioning technique was utilized 

to estimate the indoor positioning outcome in the 

online phase. However, their experimental data 

showed that in the best scenarios 91% of the average 

placement error was less than 3 m. 

There are still some concerns with the aforesaid 

research projects, as follows: To begin with, it is 

unable to handle Wi-Fi signal errors while collecting 

data in the offline mode. Second, calculating 

placement in the online phase takes far too long 

(Pérez-Navarro et al., 2019). While Magnetic-field 

changes and abnormalities inside buildings have a 

big impact on compass readings, which are one of the 

most basic navigation tools (Ashraf et al., 2020). For 

example, in (Gozick et al., 2011) authors created 

maps for indoor navigation using mobile phones with 

built-in magnetometers. The maps show landmarks 

and guideposts, as well as several floors of a 

building's hallways. Different phones with different 

sensitivity rates were utilized to achieve similar 

findings. This method is effective for creating maps 

based on magnetic fields. Unfortunately, the 

accuracy of its location results has not been 

investigated. 

In other vain, authors in (Shahidi and Valaee, 2015) 

propose a geomagnetic indoor positioning system for 

smartphones (GIPS), a new infrastructure-free 

method based on magnetic pattern matching using 

smartphone sensors (accelerometer, gyroscope, and 

magnetic field sensor). The method was put to the 

test in real-world circumstances, and it was able to 

achieve a median error distance of less than 2.5 

meters. Indoor positioning, on the other hand, 

sometimes necessitates a higher level of precision in 

order to deliver more powerful applications. 

As it can be noticed, that the main challenges of 

indoor positioning solutions are either they needed 

extra-hardware and incurs huge cost or they provided 

low positioning accuracy. Therefore, according to 

our knowledge, till now there is no a good solution to 

provide low cost and accurate positioning solution. 

To tackle this issues, this article proposed a hybrid 

positioning solution to provide accurate positioning 

solution and low cost via integrating features from 

both Wi-Fi RSS values and magnetometer sensor 

measurements. 

 

3. THE PROPOSED ALGORITHM 

 

This article proposed a new solution by hybridization 

of WAPs RSS values and magnetic field sensor 

measurements within fingerprint positioning 

technique. The general procedure of how the 

proposed solution is working, is shown in Figure 1. 

As it can be seen, the procedure includes two main 

stages which are offline stage and online stage. With 

offline stage, the WAPs RSS values and the onboard 

smartphone magnetic field of all three directions are 

surveyed along the area (or test-bed) and stored them 

in a dataset-map. This means, the RSS values of the 

WAPs in the vicinity and the magnetometer sensor 

measurements are used as features with its 

corresponding location information (i.e. x and y 

coordinates). The same application is used to read 

and collect the values, and the same environment is 

used as a testbed during the offline and online stage. 

A snapshot of the stored record features during 

collecting the WAPs RSS values and the magnetic 

field values are expressed in equation (1). 

 
𝑟𝑒𝑐𝑓𝑒𝑎 (𝑥𝑐𝑜𝑟 , 𝑦𝑐𝑜𝑟 , 𝑅𝑆𝑆𝑤𝑎𝑝1, 𝑅𝑆𝑆𝑤𝑎𝑝2, … . . 𝑅𝑆𝑆𝑤𝑎𝑝𝑛, 𝑀𝑎𝑔𝑥 , 𝑀𝑎𝑔𝑦, 𝑀𝑎𝑔𝑧) 

(1) 

Where 𝑥𝑐𝑜𝑟 𝑎𝑛𝑑 𝑦𝑐𝑜𝑟 are the coordinate information 

at the fingerprint survey, 

𝑅𝑆𝑆𝑤𝑎𝑝1, 𝑅𝑆𝑆𝑤𝑎𝑝2, … . . 𝑅𝑆𝑆𝑤𝑎𝑝𝑛are the WAPs RSS 

values in the vicinity, and finally the 

𝑀𝑎𝑔𝑥, 𝑀𝑎𝑔𝑦, 𝑀𝑎𝑔𝑧 are the three axis magnetic 

field values. 
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Figure 1. Diagram of Proposed Approach 
 

While with the online stage, the process of matching 

between the current WAPs RSS values and magnetic 

field values with the pre-stored records in the dataset 

will be started via using proposed boosting Wk-NN 

algorithm. The boosting algorithm is the matching 

algorithm to make a comparison between the current 

RSS and magnetic field features with the previous 

stored features. The comparison is made based on 

calculating the distance  or similarity between the 

online/current features and store features. Note, the 

Euclidean distance method is used to calculate the 

distance, as expressed in equation (2). 
 

 

𝑑𝑖 = √(𝑂𝑁_𝑅𝑆𝑆_𝑀𝑎𝑔 − 𝑂𝐹_𝑅𝑆𝑆_𝑀𝑎𝑔𝑖)2 
(2) 

 

Where 𝑑𝑖𝑗 is the similarity/distance between the 

online and offline features for the ith record, 
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𝒌 𝟏 

𝑂𝑁_𝑅𝑆𝑆_𝑀𝑎𝑔 is the online record features and 

𝑂𝐹_𝑅𝑆𝑆𝑖_𝑀𝑎𝑔𝑖   is the offline features at ith record. 

In the next step, the calculated similarities are sorted 

in ascending order. This means that the most similar 

records have the nearest probabilities. In this work, 

different k values (i.e. to select k values in Wk-NN 

algorithm) k=1, k=2, k=3 are tested and the results 

that the k=3 is much better than the k=1 and k=2 in 

terms of positioning error. Therefore, three most 

similar records are selected, i.e. the value k is equal 

to 3. However, with this study, this phenomenon of 

Wk-NN is improved and modified. The improvement 

is to select the best k value dynamically based on the 

boosting records. The best k value selection is relied 

on two different empirical-thresholds. The thresholds 

are calculated, via a set of experiments, and results 

database features exceeds 10, then the other next two 

records will be re-added into the main dataset 

(boosting concept records). Else, if the minimum 

similarity between online features and database 

features exceeds 5, then only the next first record will 

be re-added into the main dataset. Thus a new dataset 

will be generated and it is called dynamic dataset (or 

boosted dataset). 

In the next step, each record should have its own 

weight. The weight values are calculated based on the 

inverse of similarity divided by the sum of all the 

three similarity records (since initially the k values 

equal to 3) the proposed algorithm is shown in figure 

2. The method of calculating weights is illustrated in 

equation (3). 
𝟏 

 

showed that the threshold should be equal to 10 and 

second threshold will be 5. Through this threshold, if 

the minimum similarity between online features and 

𝑊𝒊 = 𝒅𝒊𝒔(𝒊)  

𝒋=𝟏𝒅𝒊𝒔(𝒋) 

(3) 

 
 

Figure 2. Flowchart of the Boosting WkNN Algorithm (The Proposed Algorithm) 

∑ 
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4. Dataset Construction and Experiments 

 
The other uniqueness of this study is to having new 

and real dataset to prove the performance of  the 

proposed solution. The dataset is created via the 

survey in Koya Private Institute for Computer 

science building (only first floor). Figure 3 shows an 

image from the building during the work. 

 
 

Figure 3. Snapshoot of The Survey at Koya PICS Building. 
 

The surveyed floor is 33 meter by 6 meter, also 8 

WAPs are used in the testbed environment during the 

survey. At nearly each 8 meter one WAP is installed 

and established to get WAPs RSS values through the 

smartphone. The whole area is divided into one meter 

squares (i.e fingerprints). Therefore, the number of 

the fingerprints of this study is equal to 198 samples. 

However, to ensure that the dataset has the ability of 

holding instability RSS values and magnetic field 

values, at each fingerprint, the WAPs RSS values and 

magnetic fields are collected three time. Thus, the 

number recorded features, at offline stage, will be 

198 multiply by 3 (594) records. An example of a 

collected features is shown in equation (1). For 

collecting the RSS values and magnetic fields, the 

onboard smartphone WiFi chipset and the 

magnetometer sensor are utilized. Amon the 

smartphones, android-based smartphone is used. A 

snapshot of the Android-based application is shown 

in figure 4. Note, the Android-based smartphone is 

used. This is because the Android is powerful, 

portable, free to do the modifications and its source 

code is fully available. In addition to that, the 

collected RSS values and the magnetic fields are then 

stored in a CSV file. This file, then will be used 

during the testing of the proposed solution as the 

dataset. 
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A set of experiments are carried out via the packaged 

to show the validity of the dataset. For example, first, 

Figure 5 shows a MATLAB-based graph of the 

surveyed floor via the real-collected location 

coordinates (i.e. truth fingerprints). 
 

 

 

 

 

 

 

 

(𝑋𝑝𝑟𝑒𝑑, 
 
 

 
 
 
 
 
 
 
 
 

Figure 4. Snapshoot of Android Application. 
 

Furthermore, MATLAB packages are used to 

evaluate the performance of the proposed approach. 

Figure 5. Simulated-MATLAB Graph of The Real Survey for the 

Koya-PICS Building. 
 

The next experiment is to show how the WAPs RSS 

values are recorded in terms of the fluctuations 

during the entire surveying. Figure 6 shows the 

recorded WAPs RSS values, as it can be seen, eight 

different graph lines are depicted with different 

colors. Further, each graph line is labeled with its 

WAPs name. 

 
 

 
 

 
Figure 6. Eight WAPs RSS Values Along the Survey Path 

 

. Also, to further understanding on how the proposed 
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solution is working, three trail experiments or 

scenarios are applied. The first scenario is conducted 

to show how Wk-NN is accurate when only the 

WAPs RSS values is used. The second scenario is to 

show how the Wk-NN is accurate when only 

magnetic field values of the collected dataset is used. 

Finally, the third scenario is the hybrid of WAPs RSS 

values and magnetic field values and to show the Wk- 

NN is working. Basically, the last scenario is to prove 

the validity of the proposed solution. Note, as it is 

mentioned before, Wk-NN is used as a matching 

algorithm in the fingerprinting technique. Further, 

regarding the proposed solution, the Wk-NN is 

modified based on the boosting dataset concept. 

Finally, the smartphone’s positon is normally 

calculated via the equation (4). 

 

 
Where 𝑋𝑝𝑟𝑒𝑑, 𝑌𝑝𝑟𝑒𝑑 are the predicted x-y 

coordinated of each unknown fingerprint during 

online stage, and 𝑊𝑖 is the weight of ith selected 

record, and 𝑋𝑖. 𝑌𝑖 are the true coordinates of the 

nearest/selected records of the known fingerprints. 

Note, simply to evaluate the proposed solution, the 

root mean square error (RMSE) is used as a 

positioning accuracy. Since, as a fact, the positioning 

accuracy has been used as a positioning performance 

evaluation. The formula of the RMSE is expressed in 

equation (5). 

 
5. Experiments Setup and Results Without 

Adding Extra Mean Records 

Each technology (including Wi-Fi and 

magnetometer) has its own strengths and limitations 

based on its own qualities for the execution of the 

proposed integration. For instance, location 

information based on various positioning algorithms 

can be obtained from magnetometer measurements 

and WAPs signal readings. However, the issue of 

interference induced by building structures or steel 

barriers is the main difficulty with employing 

magnetometer sensor data in indoor contexts. 

Additionally, complicated indoor structures like 

thick walls, doors, and ceilings will interfere with 

WAP signals. Furthermore, the WAP signal will be 

impacted by moving objects, including nearby 

humans. By incorporating the technology 

measurements into the fingerprinting technique 

based on their attributes, it may take advantage of 

their strengths in contrast to the limits of a single 

technology-based localization system. This study 

will first go over how each technological 

measurement in the suggested positioning strategy 

delivers positioning accuracy as well as how the 

suggested algorithm influences the system's 

accuracy. 

According to the trials, using eight WAPs RSS data 

from eight access points, the WAPs RSS-based 

𝑝𝑜𝑠 = √
1 

(𝑋 − 𝑋 )2 + (𝑌 − 𝑌 )2 (5) fingerprint technique may estimate the location of a 
𝑒𝑟𝑟 2 𝑒𝑠 𝑡 𝑒𝑠 𝑡 smartphone. While using the closest neighbor (NN) 

Where 𝑝𝑜𝑠𝑒𝑟𝑟 is the positioning accuracy, 𝑋𝑒𝑠 and 

𝑌𝑒𝑠 are the estimated X and Y location coordinates, 

and 𝑋𝑡 𝑎𝑛𝑑 𝑌𝑡are truth values of X and Y location 

coordinates respectively. 

However, the another metric to evaluate the 

performance of the positioning algorithm is the 

precision of the positioning. Therefore, in this study, 

the positioning precision is also used. The position 

precision is determined through below equation 6: 
 

 ∑𝑁(𝑥𝑖−𝑥−)2 

matching algorithm, there is an average placement 

error of 1.64 meters and a precision of 2.05 meters. 

When the k-NN (k=3) method is tested, the average 

positioning error and precision are 1.59 meters and 

1.45 meters, respectively. The positioning error is 

slightly improved (minimized) by providing 1.54 

meters and the position precision was 1.47 meters 

after weights were added to the k-NN algorithm. The 

accuracy of the system significantly increased and 

positioning error of all technologies dramatically 

Poss.= √ 1 
 

𝑁−1 
(6) decreased when the improved algorithm (i.e. 

Boosting WkNN) is used for matching between 

Where poss is the position precision (Standard 

deviation equation) of the points, N is the number of 

data points, xi is each of the values of the data and x- 

is the mean value of the observed data. All of these 

calculation steps are done in the online stage of the 

proposed approach. 

online and offline stages. When WAP RSS data is 

used to test this improvement, the positioning error is 

decreased to 0.53 meter and precision is 1.22 meter. 

Additionally, Figure 7 displays the cumulative 

distribute functions (CDF) of the positioning 

accuracy (positioning error) attained, and Figure 8 



Polytechnic Journal ● Vol 13 ● No 1 ● 2023 
8 

 

 

C
D

F 
displays the positioning error at each fingerprint in 

the dataset.  
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algorithm. while the contribution of this study is used 

Figure 7. Cumulative Distributions Function of the Positioning Error 

When Only WAPs RSS Values is Used. 

 

 

Figure 8. Positioning Error for All the Fingerprints of the Dataset for 

Wk-NN When Only WAP RSS values is Used. 

 

 

 

When using the NN technique in the second scenario, 

the average error of the positioning accuracy is up to 

3.48 meters when only magnetometer measurements 

containing (x, y, and z) are employed. This indicates 

that utilizing WAPs RSS values to determine 

location is more accurate than using magnetometer 

measurements. Further, when k-NN technique is 

used as matching algorithm the positioning accuracy 

was 3.99 meters and standard deviation was 3.69 

meters, but these values are decreased to 3.76 for 

positioning accuracy and 3.73 meters for standard 

deviation when weights are added to the k-NN 

(Boosting Wk-NN), the positioning error of the 

system was 3.42 meters and position precision 

became 3.8 meters. Further, the cumulative distribute 

functions (CDF) of the achieved positioning 

accuracy (positioning error) and the positioning error 

at each fingerprint of the dataset are shown in figure 

9 and figure 10, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Cumulative Distributions Function of the Positioning Error 

When Only Magnetometer Values is Used. 
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In order to compare our proposed methods with the 

related methods in the literature we reimplemented 

two method proposed in (Yu et al., 2019) and 

(Hanley et al., 2021) based on our environments 

(dataset). Table 1 shows the results of two related 

methods and the proposed methods in this study. We 

can clearly note that the proposed methods provided 

significant results and outperform other related 

methods. 
 

 
 

 

 

Figure 10. Positioning Error for All the Fingerprints of the Dataset 

for Wk-NN When Only Magnetic Values is Used. 

 

 

 

The third scenario is to test the integration 

positioning approach by combining the two 

localization technologies measurements, as it is 

mentioned earlier. The integration is based on taking 

the advantages of both Wi-Fi technologies and 

magnetometer sensors measurements. In the first 

experiments NN is used as a matching algorithm for 

testing the system, the error positioning decreased 

0.75 meters and the precision of the system became 

1.29 meters. After that, the positioning error of the 

proposed approach is slightly increased when k-NN 

is used, that is up to 0.85 meter, but the precision is 

decreased to 0.89 meter compared to the NN 

algorithm. With adding weights to the k-NN 

technique, the accuracy of the positioning is 

somewhat better than k-NN, as the positioning error 

and precision are slightly decreased to 0.81 meter and 

0.85 meter, respectively. Figure 11 and figure 12 

shows the cumulative distribute functions (CDF) of 

the achieved positioning accuracy (positioning error) 

and the positioning error at each fingerprint of the 

dataset respectively. Table 1. shows the result of 

positioning accuracy and precision of all experiments 

and scenarios, in meters. 

 

 

 

 

 

 

 

 

 
 

 

 
Figure 11. Cumulative Distributions Function of the Positioning Error 

When Combination of WAPs RSS and Magnetometer sensor Values is 

Used. 

 

 

 

 

 
   

   

     

    

    

   

 

 

 

 
Figure 12. Positioning Error for All the Fingerprints of the Dataset for 

Wk-NN When Combination of WAPS RSS and Magnetometer Values is 

Used. 

C
D

F 



Polytechnic Journal ● Vol 13 ● No 1 ● 2023 
10 

 

 

RSS_based with Extra mean Comulative 
1.2 
 

1 
 

0.8 
 

0.6 
 

0.4 
 

0.2 
 

0 

0 Po5sitioning Er1r0or 15 

Table 1. Result of all test Experiments (Positioning accuracy and standard deviation in meters). 

 
 

 
Approach 

NN kNN (k=3) WkNN (k=3) Boosting WkNN 
Position 

Error 

Position 

Precision 

Position 

Error 

Position 

Precision 

Position 

Error 

Position 

Precision 

Position 

Error 

Position 

Precision 

WAP_RSS Only(Yu 
et al., 2019) 

1.64 (2.05) 1.59 (1.45) 1.54 (1.47) 0.53 (1.22) 

MAG Only (Hanley 
et al., 2021) 

3.48 (4.84) 3.99 (3.69) 3.76 (3.73) 3.42 (3.8) 

WAP_RSS and 
MAG 

0.75 (1.29) 0.85 (0.89) 0. 81 (0.87) 0.29 (0.96) 

 

 

 

6. Experiments Setup and Results with Adding 

Extra Mean Records 

To improve the proposed algorithms, an extra mean 

value for 3 neighbor records (one after the other) of 

WAP RSS and magnetometer measurements of all 

records in the dataset is calculated. These records are 

added to the dataset as extra records. Extra mean- 

records have a high impact on the accuracy of the 

system. With the first scenario when the nearest 

neighbor (NN) algorithm is tested with these extra 

records, the experimental results shows that the 

accuracy (i.e. the positioning error) of the system is 

improved by providing 0.84 meters and the precision 

of the system became 1.62 meters. Furthermore, 

when k-NN algorithm is tested, the positioning error 

and precision of the system are 1.12 and 1.05 meters 

respectively. Moreover, these values are decreased to 

1.2 meter for positioning error with WkNN algorithm 

and precision enhance to 1.19 meter. After testing all 

the algorithms and presenting the results, then this 

study’s improvement is tested, the average 

positioning error decreased to 0.42 meter and 

standard deviation was 1.18 meter. As it is observed 

that the error rate is much lower than all other 

algorithms before. The CDF of this algorithms are 

depicted in figure 13 and the positioning error of 

weighted k-NN of WAP_RSS values is illustrated in 

figure 14. 
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Figure 13. Cumulative Distributions Function of the Positioning Error 

When Only WAPs RSS Values is Used. 

 

 

Figure 14. Positioning Error for All the Fingerprints of the Dataset for 

Wk-NN When Only WAPS RSS Values is Used. 
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With the second scenario, while only magnetometer- 

based measurement is tested, the positioning error of 

the proposed approach is 2.84 meters and the 

precision is 4.63 meters using NN algorithm. With k- 

NN algorithm, the positioning error is increased to 

3.33 meters and precision is 3.76 meters, while with 

adding weights to the k-NN algorithm, this value 

decreases to 3.18 meters for positioning accuracy and 

precision of the algorithm is 3.70 meters. When this 

improvement is tested the positioning error is 

decreased to 2.98 meters and precision is 3.72 meters 

this is still very low compared to other techniques. 

Further, the cumulative distribute functions (CDF) of 

the achieved positioning accuracy (positioning error) 

is showed in figure 15 and the positioning error at 

each fingerprint of the dataset is shown in figure 16. 
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Figure 15. Cumulative Distributions Function of the Positioning Error 

Only Magnetometer Sensor Values is Used. 

 
 

 

 

 
Figure 16. Positioning Error for All the Fingerprints of the Dataset for 

Wk-NN When Only Magnetometer Values is Used. 
 

With adding extra mean values to the integration of 

RSS values and magnetometer measurements (third 

scenario), the accuracy of all the techniques is 

improved significantly and the positioning error of 

the techniques is decreased to 0.25 meter for using 

the nearest neighbor NN algorithm, while for using 

k-NN algorithm, the average positioning error is 0.52 

meter and the standard deviation is 0.72 meter, but 

with using the WkNN algorithm, these values 

decreased to 0.47 meter for positioning error and 0.71 

meter for standard deviation. Applying the Boosting 

weight k-NN to the combination of technologies 

(WAP_RSS and magnetometer) caused the accuracy 

of the system to increase significantly, and 

positioning errors have a minimum value of 0.13 

meters, while the precision of the system is 

maximized when standard deviation is 0.62 meters. 

CDF and positioning error of this scenario is showed 

in figure 17 and 18 respectively. 

It is clear that the integration of two technologies 

(WAPs RSS and magnetometer sensor) has a 

significant impact on system performance. The 

results of applying all of the previously utilized 

algorithms for indoor positioning shows that 

combining these two technologies has a favorable 

impact on estimating smartphone locations. During 

testing, the proposed Boosting WkNN algorithm 

resulted in significantly lower positioning error and 

increased positioning precision in all three scenarios, 

particularly in the third scenario, which is a 

combination of both technologies, the system's 

performance is higher than in the other two scenarios. 

Table 2 shows the results of two related methods and 

the proposed methods in this study after adding extra 

mean record to the dataset and developing a dynamic 

dataset. We can clearly note that the proposed 

methods with extra mean records to the dataset 

provided significant results and outperform other 

related methods. 
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Figure 17. Cumulative Distributions Function of the Positioning Error 

When Combination of WAPs RSS and Magnetometer sensor Values is 

Used 

Figure 18. Positioning Error for All the Fingerprints of the Dataset for 

Wk-NN When Combination of WAPS RSS and Magnetometer Values is 

Used. 

 

 

 

Table 2. Result of all test Experiments (Positioning accuracy and standard deviation with extra mean records). 

 

 

Approach 

NN kNN (k=3) WkNN (k=3) Boosting WkNN 

Position 

Error 

Position 

Precision 

Position 

Error 

Position 

Precision 

Position 

Error 

Position 

Precision 

Position 

Error 

Position 

Precision 

WAP_RSS Only 

(Yu et al., 

2019) 

0.84 1.62 1.12 1.2 1.05 1.19 0.40 1.18 

MAG Only 

(Hanley et al., 

2021) 

2.84 4.63 3.33 3.67 3.18 3.70 2.98 3.72 

WAP_RSS and 

MAG 
0.25 0.86 0.52 0.73 0.47 0.71 0.13 0.62 

 

 
7. Conclusions 

In this article, a hybrid indoors positioning solution 

is proposed via using WAPs RSS values and 

magnetometer measurement within the 

fingerprinting technique. The solution is to provide 

better positioning accuracy and provide low cost 

solution, since the solution doesn’t need extra- 

hardware. To prove the validity of the proposed 

solution, the fingerprint technique is implemented in 

three different ways, when only Wi-Fi RSS values is 

used, only magnetometer measurements is used, and 

both Wi-Fi RSS values and magnetometer. In all 

ways, the extra-hardware or any additional 

infrastructure doesn’t need. Further, a set of real trial 

experiments with different scenarios are conducted. 

Moreover, an improved boosting WkNN algorithm, 

as a matching algorithm, is modified for 
 

improving the fingerprint techniques. The obtained 

results from the conducted experimental showed that 

the positioning accuracy is up to 1.6 meters when 

only Wi-Fi RSS values is used alone; and positioning 

accuracy is up to 3.74 meters when only 

magnetometer sensors alone is utilized. While, when 

the hybrid of Wi-Fi RSS values and magnetic 

measurements as well as when the proposed 

Boosting Wk-NN algorithm (as an improved 

matching algorithm) is applied, the obtained 

positioning accuracy is up to 0.13 meter. 

Future work of this article could be based on 

modifying the threshold values to automatically 

select the best values which increase the accuracy of 

the system. Also, it is targeted to test and modify the 

proposed algorithm  to be robust  when  it  will be 

Combination of RSS and 
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running in harsh environments or in complex indoors 

structure. This means, the algorithm will be modified 

to be adopted with the multi-path and NLOS 

environment. 
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