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Abstract. The systems for localization of resources in indoor environments based on Received 

Signal Strength Indicator (RSSI) are widely used today. Since satellite navigation systems, 

such as GPS or GLONASS, have certain difficulties in the indoor environments, the signals of 

deployed wireless devices, such as sensor nodes, access points etc, are used for localization 

instead. Those systems are known as Indoor Positioning System (IPS). Those systems are used 

for resource tracking and positioning in places such as airports, railway stations, shopping 

malls, warehouses, production facilities, construction sites, and healthcare institutions. The 

Bluetooth Low Energy is one of the wireless technologies that can be used with great 

efficiency for indoor localization. It offers easy and economic implementation on mobile 

devices such as smart phones and tablets. There are many techniques used for determination of 

position. In a number of methods, such as ROCRSSI or MinMax, the distance from the 

wireless nodes is used for calculating the location. In those systems the main challenge is to 

accurately estimate distance from the device based on signal strength. In this paper, usability of 

various software tools for modelling the distance estimation based on RSSI is discussed. Those 

software tools are Microsoft Access, R Studio, Octave, and Python.  

1. Introduction 

Localization in indoor environments requires a different approach comparing to the outdoor 

positioning systems. The reason is that satellite navigation systems, such as GPS or GLONASS, 

require line of sight and in covered areas can have weakened or no signal which results with 

inaccurate operation. In Indoor Positioning System (IPS) signals from various wireless devices such as 

wireless access points or wireless sensor nodes are used to determine the location. There are a number 

of techniques for localization, such as: Time of Arrival (ToA) or Time Difference of Arrival (TDoA), 

and Angle of Arrival (AoA) or Direction of Arrival (DoA) [1, 2], Time of Flight (ToF), Roundtrip 

Time of Flight (RToF), Phase of Arrival (PoA), and Phase Difference of Arrival  (PDoA) [3, 4, 5].  

Some techniques use Received Signal Strength Indicator (RSSI) for localization. The RSSI based 

localization techniques are ROCRSSI [6] and MinMax [7] among the others.   

In [8] is presented an overview of techniques that can be used for localization in wireless sensor 

networks (WSN). Sensor networks vary significantly from traditional cellular networks to Wi-Fi. 

Generally speaking, the most common technologies that can be used in these systems are Wi-Fi and 

Bluetooth Low Energy (BLE). In IPS systems the main challenge is to accurately estimate distance 

from the device based on RSSI. The IPS systems has its appliance in airports, railway stations, 
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shopping malls, production facilities, construction sites, warehouses, hospitals, and other healthcare 

institutions, etc. Those systems can be used to track human and material resources, e.g. employees, 

patients, healthcare workers or vehicles such as forklifts in large warehouses.      

In this paper the authors discuss about usability of various software tools for modelling the distance 

estimation based on RSSI. Those software tools are: Microsoft Access, R Studio, Octave, and Python. 

Although, there is a number of other tools that can be used with the similar efficiency for the given 

tasks such as MathCAD, Statistica, etc., for this research four enlisted tools are selected. Microsoft 

Excel is chosen because of the large base of potential users and the simplicity of the fitting tools. GNU 

Octave is popular in academic community and Python is popular both in academic and commercial 

programming community. Both tools are part of the several courses in the curricula at our institution, 

and both stuff and students are familiar with their usage. R is chosen, despite its recent lost of 

popularity in the favour of Python, because it still has a large developing community and because of 

large quantity of available examples of various curve fitting models. For the model design and for its 

evaluation the real data from field measurement are used. The system used for data collection is based 

on open-source hardware and Bluetooth Low Energy (BLE) technology.  

The paper is structured as follows. After the introduction and the brief explanation of IPS usage 

and related work, the experiment and data sets collection are described. Next, the software tools used 

for curve fitting, distance estimation model, its evaluation and analyses are presented. Finally, the 

findings and further research directions are discussed. 

2. Related work 

2.1. Appliance of indoor positioning systems 

The appliance of indoor positioning systems can be very wide. In the research [9] is introduced a new 

prototype framework for automated tracking of construction materials on the job site. A hybrid sensor 

network based on ZigBee technology with mesh network topology can increase location accuracy by 

eliminating multipath property of radio signal propagation and can be suitable for implementation in 

complex construction sites in an energy-efficient way [9].  

Nowadays, very popular implementation of localisation systems is in healthcare, especially in the 

time of ongoing pandemics. Bluetooth based approach for tracking healthcare providers in the 

emergency room is described in [10]. The goal of this research was to provide an approach for reliably 

collecting the door to physician (DPT) time automatically with accurate usage of sensor-based 

technology. Since emergency rooms are commonly crowded, performance measures are needed to 

gauge the efficiency, The usage of proposed solution can lead to improvements in clinical workflow, 

including staff reorganization, reduce ED crowding and improve patient safety in the long run. 

Monitoring the locations and paths that individual’s traverse in an indoor environment has become 

an important element for analysing the workflow in a clinical environment and for modelling the 

spread of infectious diseases/hospital acquired-infections [11]. In this research is presented a novel 

method to detect the location of a moving user in indoor and dynamic environments. The received 

number of signals indicator (RNSI) is introduced as a new measurement and a practical method for 

removing signals that could lead to incorrect location prediction is presented.  

In [12] is presented the use of wearable proximity sensors to measure the numbers and durations of 

contacts between individuals in an acute care geriatric unit at university hospital. The system is used to 

document the individuals with a high number of contacts, who could be considered as potential super-

spreaders of infections. In that way systems can be used in prevention and control of hospital-acquired 

infections. 

2.2. Bluetooth Low Energy used for indoor localization 

Since this paper is focused on the usage of Bluetooth Low Energy (BLE) technology, the various 

implementation of indoor positioning systems based on BLE will be presented in this subsection. The 

research presented in [13] describes indoor localization based on BLE devices deployed under the 

WLAN (Wireless LAN) environment. In [14] the extensive set of experiments to quantify the impact 

of various indoor obstacles on the BLE signal variance is made. It is shown that different iBeacon 



 
 
 
 
 
 

devices from different vendors along with the paired mobile device platform (e.g., iOS or Android) 

can give significant impact on the RSSI measurements. This complicates the process of designing a 

generally acceptable distance/location estimation model. Furthermore, practical factors such as the 

deployment height or environmental factors also introduce a significant amount of impact on the RSSI 

values to introduce an additional level of complexity in designing highly accurate location estimation 

systems using iBeacons. The other approach in achieving localization using smartphone sensors is 

based on Pedestrian Dead Reckoning (PDR) [15]. The basic idea presented in this paper is to derive 

the current location based on the previous location, the current walking length and walking direction. 

This paper presents a new framework of combining PDR and iBeacon. The iBeacon technique is built 

upon Bluetooth Low Energy (BLE) version 4.0, thus, it is very energy efficient and can be utilized for 

localization based on Received Signal Strength (RSSI) of BLE devices such as smartphone. 

The focus of the paper [16] is a iBeacon technology which provides a higher level of location 

awareness in indoor positioning. It is a built-in, cross-platform technology for Android and iOS 

devices, which utilizes Bluetooth Low Energy (BLE) as technology with significant advantages 

compared to other types of indoor positioning technologies. These advantages are less expensive 

hardware, less energy consumption, needless to internet connection, and capability of receiving 

notifications in background. Another research with similar focus is presented in [17] where the 

localisation system based on iBeacon technology is presented. 

2.3. Distance estimation based on RSSI  

In order to estimate distances based on RSSI values, RF propagation models such as model shown in 

(1) can be used [14, 18, 19]. The model is used to convert RSSI readings into distance [14].  

 

                   
 

  
   (1) 

      
             

Since this model is general, it should be fitted to data sets in order to achieve the highest accuracy in 

accordance to data sets used in experiment. The formula for distance calculation given in (1) should be 

used with predefined values for R0 and . R0 stands for RSSI value calculated on reference distance do, 

usually 1m. Alternatively, for the calculation of R0 the formula for open space propagation loss can be 

used. Open space propagation formula is used in this paper for calculating the referential model 

parameters used in the evaluation presented the next sections. The value of parameter  (path loss 

distance exponent) can be used as one of proposed values for different environments and frequencies 

obtained from empirical researches [18, 19]. In this paper the value of  is calculated by the best fit 

with the data used as data sets. The values of R0 and  will be presented in evaluation section. 

Besides, propagation loss model presented in equation (1) other indoor propagation loss models 

such as ITU indoor propagation model [19], can be used as well. For this research only the fitted 

model (1) is used because its high accuracy and the authors experiences in previous researches.  

3. The experiment and data sets  

The experiment is made in institutional building on the 2
nd

 floor. The layout of the 2
nd

 floor, BLE 

transmitting and receiving devices position and experiment details are presented in greater detail in 

[20, 21]. The platform for the experiment described in this paper is based on open source hardware. 

The central unit of the platform is microcontroller board Arduino/Genuino UNO Rev3. 

Arduino/Genuino is open-source hardware platform suitable for experiments and implementation of 

indoor positioning systems, not only for BLE, but for the other technologies as well [22]. This 

microcontroller is connected to Bluetooth Low Energy communication module AT-09 based on Texas 

Instruments CC2541 chip with the receiver sensitivity of -90 dBm for 2 Mbps GFSK and -94 dBm for 

1 Mbps GFSK respectively. 

The data set used in this research is collected during experiments presented in [20] and are presented 

in Table 1. 

  



 
 
 
 
 
 

Table 1. Data sets used in this research. 

Data Set No. Distance (m) RSSI (dBm) Data Set No. Distance (m) RSSI (dBm) 

1 4 -81.1572 12 11.8 -88.3324 

2 4.3 -79.1939 13 12.01 -89.9201 

3 4.65 -71.128 14 13.43 -91.3241 

4 6.43 -78.5308 15 13.64 -89.1103 

5 6.63 -79.109 16 13.71 -88.1114 

6 7.2 -88.8033 17 13.97 -86.3636 

7 8.17 -81.7438 18 14.02 -79.5302 

8 8.23 -77.6223 19 15.65 -89.0563 

9 8.27 -85.0958 20 15.79 -92.0534 

10 8.8 -85.0405 21 16.42 -91.0504 

11 8.88 -87.372 22 19.71 -86.7351 

4. The software tools 

In this section software tools used for distance estimation are described. Those software tools are 

Microsoft Excel, R programming language with RStudio, GNU Octave, and Python programming 

language with its numerical libraries.  

4.1. Microsoft Excel 

Microsoft Excel [23] is widely used spreadsheet software developed by Microsoft. It features 

calculation, graphing tools, pivot tables, and a macro programming language called Visual Basic for 

Applications. Excel forms part of the Microsoft Office suite of software. The software has pre 

programmed features that allow user to find the best fitting equation for a data set for a select number 

of functions: 

 

 Linear model, 

 Exponential model, 

 Polynomial model, 

 Logarithmic model and 

 Power model. 

 

The process of finding the best fitting equation is simple. After the selection of data sets to fit (in this 

case data set contains distance and RSSI values) the option for Scatter graph (Insert > Scatter) from 

the Menu should be selected. After that, right click on the data points presented on the graph will show 

menu with the option Add Trendline. After selecting the option, the fitting function should be selected 

between following options: Polynomial (order 2), Exponential or Linear, Also, the option Display 

Equation on chart should be checked in order to display the fitting function on the graph. After 

applying the Trendline settings the fitting equation is displayed on the graph as it is shown in Figure 1. 

 

Figure 1. Excel scatter graph with polynomial trend line. 

  



 
 
 
 
 
 

The Add Trendline option gives following fitting equations for the data set used in this example:  

Polynomial order 2:  

 

dexcelPol2 = 0.0145x
2
 + 1.8663x + 64.06  (2) 

Exponential:  

dexcelExp = 0.0627e
-0.06x

    (3) 

And linear: 

distexcelLin= -0.543x - 35.355    (4) 

4.2. R programming language 
R [24, 25] is both a language and environment for statistical computing and graphics. It is a GNU 

project similar to the S language and environment which was developed at Bell Laboratories (formerly 

AT&T, now Lucent Technologies). R may be considered as a different implementation of S with some 

differences. R is designed to provide a variety of statistical (linear and nonlinear modelling, classical 

statistical tests, time-series analysis, classification, clustering, etc.) and graphical techniques, and is 

highly extensible.  

R can be used with RStudio, an integrated development environment (IDE) for R. It includes a 

console, syntax-highlighting editor that supports direct code execution, as well as tools for plotting, 

history, debugging, and workspace management. In the following listing (Listing 1) are presented 

values for the polynomial fittings order 1 (linear) and 2 respectively, and the graph of fitting curves is 

presented in Figure 2: 

 
> fit 

Call: 

lm(formula = y ~ x) 

 

Coefficients: 

(Intercept)            x   

    -35.355       -0.543   

 

> fit2 

Call: 

lm(formula = y ~ poly(x, 2, raw = TRUE)) 

 

Coefficients: 

            (Intercept)  poly(x, 2, raw = TRUE)1  poly(x, 2, raw = TRUE)2   

               64.06035                  1.86630                  0.01453   

Listing 1. Calculated Polynomial fitting equations  

 
Figure 2. Fitted polynomial curves in R. 



 
 
 
 
 
 

According to the Listing 1 R gives following fitting equations for the data set used in this example:  

Polynomial order 1 (linear):  

dRPol1 = -0.543x-35.355    (5) 

Polynomial order 2: 

dRPol2 = 0.01453x
2
 + 1.86630x + 64.06035  (6) 

As one can see, fitting equations are similar to the equations given by Microsoft Excel. 

4.3. GNU Octave  

GNU Octave [26] is a high-level language, primarily designed for numerical computations. It has 

command line interface and it can be used for solving linear and nonlinear problems numerically, and 

for performing other numerical experiments. The Octave syntax is largely compatible with Matlab and 

therefore the Octave scripts can be used in Matlab with little or no modifications. GNU Octave has 

extensive tools for solving common numerical linear algebra problems and can be used for finding the 

roots of nonlinear equations, integrating ordinary functions, manipulating polynomials, and integrating 

ordinary differential and differential-algebraic equations. Besides its own programming language, 

GNU Octave supports usage of dynamically loaded modules written in C++, C, Fortran, or other 

languages. 

The polyfit() function in Octave is used for polynomial fitting. The usage of this function for 

polynomial fitting order 1 (linear) and order 2 is presented in Listing 2. 

p = polyfit(xdata,ydata,1) 

 

p = 

 

   -0.54304  -35.35478 

 

p = polyfit(xdata,ydata,2) 

 

p = 

    0.014528    1.866295   64.060348 

Listing 2. Calculated Polynomial fitting equation parameters  

The fitting of polynomial function order 2 is presented in Figure 3 together with data set.  

 

Figure 3. Polynomial fitting in Octave. 



 
 
 
 
 
 

4.4. Python programming language 

The Python [27, 28] is programming language with extensive usage in scientific programming [29]. 

Core numeric libraries for Python are:  

 Numpy [30, 31], designed for numerical computing with powerful numerical arrays objects, 

and routines to manipulate them (http://www.numpy.org/) 

 Scipy [27] with high-level numerical routines. Designed for optimization, regression, 

interpolation, etc (http://www.scipy.org/) 

 Matplotlib [32], designed for 2-D visualization and plotting (http://matplotlib.org/) 

The example of using Python for logarithmic fitting is given in the Figure 4, The Figure 4 show 

data sets used for fitting, as well as fitting curve and the equation parameters. The equation calculated 

with the Python is given in (7).  

 

Figure 4. Logarithmic fitting in Python. 
 

                                  
     

      
   (7) 

5. Result evaluation and analyses 

In order to evaluate the fitting equations the results calculated with the usage of described software 

tools are compared with measured results. The Root Mean Square Error (RMSE) is used to compare 

the accuracy of fitted models. For the evaluation equations (1), (2), (3), (4), and (7) are used. It is 

important to note that equation (1) is fitted to the experimental data sets. The fitting is made in Octave 

for values of R0 and . The fitted value for  is 2.5 and for the R0 reference value is -62.37 dBm (value 

is calculated with free space propagation formula). The process of fitting value of  is done with 

calculating RMSE for each value of  between 1 and 4 (step 0.1). The value of 2.5 is chosen because 

of lowest RMSE value, comparing to others.  

Results of evaluation are presented in Figure 5 and in Table 2. 

http://www.numpy.org/
http://www.scipy.org/
http://matplotlib.org/


 
 
 
 
 
 

 
Figure 5. Comparison of fitting curves and measured RSSI data. 

 

Table 2 shows that the most accurate are polynomial order 2 and exponential models. The 

referential model presented in [14] is the least accurate of all compared models. The polynomial order 

2 and exponential models comparing to the reference model are more accurate for about 0.89 percent. 

Table 2. RMSE values for the evaluated models. 

Model RMSE [m] 

Reference equation   3.4893 

Polynomial Order 2    3.1373 

Exponential    3.1305 

Linear   3.1606 

Logharitmic    3.1783 

Generally, there is no significant difference in the results, since the mean square error in distance 

estimation ranges from 3.1 to 3.5 meters. The error in distance is too high for efficient application in 

indoor localisation systems, but the assumption is that the difference is resulted not from fitting model 

inaccuracy, but from specific environment where RSSI measurements took place [20, 21]. Some 

ongoing experimental measurements in the same environment acquire data sets with higher level of 

fitting to the model, so the model will be evaluated in the future with new data sets. 

6. Conclusion and further work 

The presented results showed that popular software tools, presented in this paper, can be used 

efficiently for model fitting in order to estimate distance for the purpose of indoor localization 

systems. The mean square error of the models ranges from 3.1 to 3.5 meters with the highest accuracy 

achieved with the polynomial and exponential model. The difference in estimated and real distances is 

not affected with the model accuracy, but with the data sets collected in the experiment. 

The new experimental settings as well as RSSI measuring results should be used in near future for 

the further exploration of the usability of fitting models calculated with the software tools. In this 

research primarily the embedded fitting functions are used. Because of that, in the next phase of the 

research, and in order to obtain more accurate models, various existing fitting models used in different 

fields can be used for distance estimation. 

Finally, the research aimed at determining which model is the easiest and the most suitable for 

implementation on the devices used within localization system should be one of future research 

directions.  
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