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Abstract— An ever increasing amount of devices are becoming 

Bluetooth-enabled to provide seamless wireless communication 

between devices such as mobile phones and headsets. Though the 

discovery mode is only turned on while pairing, devices are far 

from un-discoverable when this mode is toggled off. 

The aim of this project is to document that it is not only possible 

to detect a per-room presence, but show that it is possible to 

pinpoint the location of a Bluetooth device within a few feet. The 

project underscores the rising privacy concerns, as all location 

measurements are done without pairing the devices, and therefore 

also without prompting, or alerting the device-user that is being 

monitored. 

Bluetooth signal strength, as a stand-alone indoor positioning 

system, is hard to use, as the signal strength is unstable and prone 

to many different errors, e.g. attenuation, orientation, etc, but a 

coarse grained overview of where in the room the device-to-be-

tracked is, is a possibility and is done with some success. 

Index Terms—Pervasive Localization, Fingerprinting 

Bluetooth, RSSI  

I. INTRODUCTION 

This paper suggests and discusses an implementation of a 

Bluetooth-based location fingerprinting solution for localizing a 

mobile device indoors in a known environment. The 

implementation is an empirical fingerprinting solution, that 

requires war-walking [1], which means the environment in 

which the handheld device is to be tracked in, should be 

traversed beforehand collecting data for a radiomap. Location 

fingerprinting requires a signal from which the signal strength 

can be measured, which means that Bluetooth is just one type of 

location fingerprinting. Previous papers suggests location 

fingerprinting with WIFI and GSM both indoor and outdoor [2] 

As Bluetooth is now a very common technology [3], and is 

widely used for many different things, we thought that an indoor 

localization using the Bluetooth technology would be 

interesting, with the biggest downfall being the relatively short 

reach. 

Our implementation shows that Bluetooth can be used for 

approximate localization, but many things stand in the way of 

precise positioning, e.g. hand grip, phone positioning and 

orientation. The signal strength values would vary a lot when 

simply rotating the phone, pointing the Bluetooth module in 

different directions. Also the signal strength of Bluetooth 

devices degrade a lot based on attenuation, even if it is just 

through cloth, if the phone is in a pocket.  

The rest of the paper discusses the background of the 

Bluetooth technology in section II, the design, implementation 

and test setup of the project in the following sections. The 

experimentation is shortly after with methods used, results 

achieved, and finally, the conclusion of the project and the future 

work on this is presented. 

II. BACKGROUND 

The model builds on the Received Signal Strength Indication 

(RSSI). RSSI indicates the signal strength received by the 

antenna. In the context of Bluetooth. The RSSI value is relative 

to the measurement of power level determined by the 

manufactures’ hardware design and their choice of resolution for 

the RSSI. There is no standardized relationship to the RSSI and 

the acutely dBm level on the antenna, so each device can give 

different RSSI values in respect dBm and thereby to distance. 

The RSSI value is showed as a dB value, where 0 indicates the 

best usage signal (close up) and negative values indicates 

weaker signal strength and is mostly an indication of longer 

distance between two sources. 

The RSSI measurements are received from the HCI (Host 

Controller Interface) in the Bluetooth stack. Where HCI is 

operating as a driver that treats the communication between the 

host stack and the Bluetooth IC. The RFCOMM protocol are 

used to establish the connection. The RFCOMM protocol is a 

simple transport protocol often used for Bluetooth. In a windows 

environment the HCI is not available because the windows 

protocol stack does not allow it on application level. A work 

around is to use a Linux environment where the protocol stack 

is open for the HCI. 

It is not necessary to be in discovery or pairing mode to get 

the RSSI measurement. It is enough that the Bluetooth is 

enabled. The connection request can be send to an enabled 

Bluetooth device and instead of just rejecting the request, it gives 

out other information like the signal strength from the requested 

device. 

III. DESIGN 

When designing a localization system, based on Bluetooth, 

the location fingerprinting technique was an obvious choice for 

us, as it requires nothing else than the signal strength of a radio 

signal. In this case, the Bluetooth signal strength from the 

handheld device that is to be positioned.  

When using fingerprinting, at least three stationary 

measuring stations are needed to get an unambiguous set of 

signal strengths’ from the handheld device in the known 

environment of the room. There are two ways to go when using 

location fingerprinting, namely an empirical way or a model-

based way. The empirical way requires the user to war-walk the 

environment in which the handheld device is to be tracked, to 



know the different signal strength values in the room. If more 

positions are measured in the war-walk, the resolution will 

obviously be better, but also it would take a lot more time as this 

is to be done manually walking around the room. In our case, the 

resolution was not very important as the paper is focusing on 

higher level conceptual Bluetooth localization. If a model-based 

approach was chosen, the war-walking would not be needed. 

When using empirical fingerprinting, the Euclidean distance is 

to be calculated, and this is described in detail in the Methods 

section. When the signal strength values for all the cells in the 

grid are calculated, the resulting map is called a radiomap. 

While war-walking, the data that is being gathered should be 

stored somewhere, and this was one of the big design decisions 

too. The primary concerns of the stationary measuring stations 

should be to acquire the signal strength measurements and these 

should therefore not be stored locally. Also, if the storing was 

done locally, the data measurements would be distributed in the 

system, and that would not make much sense as all the 

measurements from the stations are to be used to find a resulting 

position. Therefore it was decided that the data should be 

centralized via a web service, which results in the measuring 

stations having to post with a RESTful call to the web service. 

With this implementation a web page was developed where the 

data could be shown and a plot of the location of the handheld 

device is accessible. Also this page is used for creating new 

radiomaps. 

IV. IMPLEMENTATION 

The application used in the test setup consists of two 

different applications, these will be referred to as the gathering 

application and the presentation application. The gathering 

application is implemented with not many lines of code, running 

console commands asking for the signal strength from the 

handheld device. It is important here to notice that the phone 

does not know the signal strength from the handheld device to 

the stationary device but vice versa, as it is the handheld device 

that measures the signal strength and sends it to the stationary 

device. The gathering application is implemented in Ubuntu, as 

the signal strength measuring of Bluetooth signals were not 

allowed in a Windows operating system, and as this was 

essential to the application, Ubuntu was chosen as the operating 

system for the stationary devices.  

The presentation application is implemented as a web 

service, coded in PHP on the server-side and HTML and 

JavaScript on the client side. The idea of the site is to make a test 

environment and a visualization of the location prediction. The 

use case for the measurement of the grid is to: 

1. Setup up a grid presenting the areal of the physical test 

environment. 

2. Make a measurement on the 3 nodes at each cell on 

the grid. 

3. After each measurement, the measurement is saved in 

a JSON file. 

The use case for visualizing the location prediction: 

1. Choose test data. 

2. Generate a grid according to the test data. 

3. Get the current node data from the 3 nodes. 

4. Calculate and show the prediction of the location on 

the grid. 

Each node post data to a URL path and the server saves the 

data in files that keeps the last 10 measurements of each node. 

The post request is send every second from each node. 

V. TEST SETUP 

In empirical Location Fingerprinting a radiomap is essential, 

and to create such a radiomap, measurements from at least three 

different stationary measuring devices. In our case, the devices 

has to be Bluetooth-enabled to be able to have a connection to 

the handheld device. As seen in Figure 1, the three stationary 

devices are spread out as far away from each other as possible, 

to get more distinct measurements. The point of the setup is to 

not have any measurements from the different cells of the grid 

that looks the same, as this would result in an ambiguity of where 

the device could be located.  

 

Fig. 1.  Test Setup 

The test room was split up in cells so that a grid was created 

and from this grid measurements could be made. When the three 

stationary devices are setup as shown, the grid is ‘war-walked’ 

which means that measurements are taken from each cell of the 

grid to get the signal strengths’ from each of the stationary 

devices. A few notes are worth mentioning in this context, for 

example it is important to hold the handheld device in the same 

way at all the measurements, as things like hand grip [4], device 

directing (as in upside down, pointing towards north e.g.) and 

body positioning can influence the measurements majorly. The 

way we set it up to avoid most of these pitfalls, was to place the 

handheld device on an object on a chair. The reason for the 

object on the chair was to not let the backrest of the chair block 

the Bluetooth signal as this would also interfere and influence 

the results. The chair was then moved around on the different 

cells, facing the same direction at all the measurements. To 

create the actual radiomap, a virtual map is created on the web, 

which receives all the measurements, and when standing in a 

grid, the corresponding virtual grid is clicked on the web page 

whereas the measurements for the grid are saved. 

The physical setup consists of three Dell Latitude E6430 

with a Broadcom, whereas these are working as the stationary 

measuring stations. These computers are running Ubuntu 

version 14.04.1. The handheld device used in the setup was an 

iPhone 4s with a BCM4330 radio chip unit. The operating 

system for the handheld device was iOS 8.1.2. The test is 

performed at the Aarhus School of Engineering, where plenty of 

space was available. The test space was about 14m by 7m. 

VI. EXPERIMENTS 

When working with the data, some data processing should 

be done to sort out outliers in signal strength and such. When a 

Bluetooth signal strength reading is done, the last ten readings 

from each stationary device is taken into account, and from these 

measurements the two highest and the two lowest values are 

sorted out. Here the remaining six values are averaged and the 



result is used as the given signal strength from each of the 

stationary devices. 

TABLE I.  KNN GROUND TRUTH DEVIATIONS IN METERS 

Step# kNN 

 k=1 k=2 k=3 

1 9,85 5,70 3,90 
2 4,00 1,00 1,67 
3 2,00 3,35 2,03 
4 1,00 1,12 2,85 
5 4,12 6,02 6,55 
6 3,16 1,50 2,98 
7 5,39 3,16 3,00 
8 0,00 2,24 1,05 
9 1,00 3,54 4,01 

10 3,00 2,50 3,30 
11 10,20 5,39 3,90 
12 8,60 7,50 5,47 
13 1,41 4,24 5,90 

 

Figure 2, as shown below, shows the histogram of the 

measurements and how they are split in terms of signal strength. 

When using k = 1, there are more measurements with worse 

signal strength than when using more nearer neighbors, and as 

seen from the average signal strength in Table 1 it naturally 

decreases when using a higher k. 

 

 
Fig. 2.  Histogram 

When measuring the signal strength, the power of the signal 

should be decreasing as the handheld device moves away from 

the stationary device. Figure 3, 4 and 5 represents the signal 

strength from the handheld device to each of the corresponding 

stationary devices, and it is shown that with Bluetooth it is hard 

to get a stable signal strength indication, even though certain 

precautions were taken (hand grip, orientation e.g.). The colors 

indicate the range of the signal strength whereas green 

represents close to the station and dark red is furthest away. 

 

 

Fig. 3.  RSSI node 1 

 

 

Fig. 4.  RSSI node 2 

 

 

Fig. 5.  RSSI node 3 

When the radiomap is build, a test route was walked. Figure 

6, 7 and 8 illustrates the measurements of the test walk, 

compared to the ground truth, where the black line is the ground 

truth and the colored line is the measured position with K-

nearest neighbor of 1, 2 and 3 respectively.  

 

 
Fig. 6.  Ground Truth vs k=1 
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Fig. 7.  Ground Truth vs k=2 

 

 
Fig. 8.  Ground Truth vs k=3 

 

As it is shown in Fig. 2, the data with 3-nearest neighbors are 

undeniably better than when only using the nearest neighbor, 

though this is sadly not shown in the plots of the corresponding 

locations. 

 

Finally, in Figure 9, a graph is shown of the signal strength 

vs. the distance in meters. This graph shows the correspondence 

between the signal strength and the distance for all three 

measuring stations. They should, if unbiased, show a linear 

tendency as the signal strength is calculated in dBm which is a 

logarithmic scale. Because of the instability of the Bluetooth 

signal, our lines only show a slight tendency. There also seems 

to be a problem with the third node, which is shown as the grey 

line, as it starts in -7 dBm. This means that, even when the 

handheld device is close to the stationary device, a relatively low 

signal strength would be shown. At close distances the signal 

strength should be 0 or close.  

 

 
Fig. 9.  RSSI vs. distance in meters 

 

VII. FUTURE WORK 

An obvious branch for future work in this field is to do the 

same experiments with the model-based location fingerprinting 

method. It would be interesting to see a performance comparison 

of the two different methods, and see if the model-based 

fingerprinting would show better results. 

In terms of this project, future work could be to create 

cumulative distribution functions for the data. These could be 

used to show the standard deviation, and to see how many errors 

in meters 75% of the measurements would be within, and it 

would also be interesting with 95%. 

VIII. CONCLUSION 

When making the radiomap, a better result would probably 

have been accomplished if a finer grid with more cells had been 

made. The issue with this is that it is very time consuming to 

war-walk as time is to be spend in every cell, so more cells 

equals more time spent. Also in this context, if many more 

samples was collected, a more stable signal would have been the 

result. This was shown when walking around after the radiomap 

was made, as moving would make the position jump a lot, but if 

the handheld device was just placed somewhere, the signal was 

much more stable. A good way would probably be to take one 

hundred samples and then sorting the first eighty measurements 

away, leaving only the stable ones.  

Looking at Figure 5 it looks like something was wrong with 

the measuring station node 3. The results from this station gives 

very different signal strengths’ and almost no good receptions. 

This should not influence the results as fingerprinting can 

withstand attenuation (which would affect the signal in the same 

way as it looks like node 3 is affected), but it cannot withstand 

flux, and random signal strengths’.  

The relationship between the signal strength and the distance 

is pretty good, and the tendency line in Figure 9 fits well. This 

would mean that, if a good model is made, a model-based 

fingerprinting attempt would yield just as good, or even better, 

results. 

A last point is that there are some privacy issues in the iOS 

Bluetooth protocol, as even though we are being denied, we can 

by communicating on the same channel, still get the signal 

strengths’. 
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