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Summary 
 
It has emerged many occasion that tools are not in their fixed positions in big companies. It 
can cost the company a lot of money if tools disappears. This project is an approach to 
handle this type of problem by the use of positioning. With a Bluetooth Low Energy tag 
attached to the product can it be traced with a error margin of 1 meter from the real position. 
In this project a trilateration program was written in Java, this program uses three Anybus 
Wireless Bolts to track the Bluetooth Low Energy tag. Tests and experiments have been 
done on this project and the final result where an error margin of merely 1.05 meters. 
 
 
(Svenska) 
 
Det har hänt flera gånger i stora företag att redskap inte är där de ska befinna sig. Det kan 
kosta företaget mycket pengar om dessa redskap försvinner. Detta projekt är en 
tillvägagångssätt till att hantera denna typ av problem med hjälp av positionering. Med en 
Bluetooth Low Energy tag som fästes på produkten kan produkten upptäckas med ett 
felmarginal på 1 meter från den verkliga positionen. I detta projekt användes ett trilateration 
program som är skriven i Java, detta program använder sig av tre stycken Anybus Wireless 
Boltar för att spåra Bluetooth Low Energy tagen. Tester och experiment har gjorts på detta 
projekt och det slutgiltiga resultatet blev ett fel på endast 1.05 meter.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



1.Introduction 
 
In a large company there are many people that are always in motion and performing different 
sorts of labor or passing in or out of the premises. This can in turn make it difficult to keep 
track of items that gets moved from their intended places, especially small items. An effort 
for trying to solve this problem could be using Bluetooth Low Energy(BLE) tags to put on 
items and getting their positions so they don’t disappear. This project will analyze different 
approaches in order to build an algorithm able to communicate with an Anybus Wireless Bolt 
creating a possibility to retrieve positions from Bluetooth Low Energy tags.  

1.1 Purpose 
The purpose of this project is to create an algorithm that can communicate with three 
Anybus Wireless Bolts from HMS to be able to retrieve a position of a Bluetooth Low Energy 
device. The result of this project will give a facilitation for HMS to be able to use the Anybus 
Wireless Bolt for indoor positioning.  

1.2 Goals 
The goal of this project is to be able to track items or equipments in factories using the 
Anybus Wireless Bolt.  
 
How ever the end-goal of HMS is to pass down this application to factories all over the world. 
Apart from retrieve positions from items or equipments this application will also retrieve 
position from materials, tools and people.  

1.3 Problem Definition 
Data from Anybus Wireless Bolts will get used to be able to retrieve the position of the 
SensorTag. Some problems that can occur during this process are: 
 

● How can the Anybus Wireless Bolt information get accessed? 
● When there are items blocking the way the RSSI (Received Signal Strength 

Indication) value gets immediately affected, will this be a problem? 
● How can the result be accurate?  

 

1.4 Limitations 
The trilateration technique getting used will cover 2D positioning and not 3D. The position of 
one device is the maximum quantity of devices retrieved positions from. The SensorTag is 
specifically set to get identified during the positioning and hence the only device able to get 
recognized. This positioning is focused on indoor positioning. Max three Anybus Wireless 
Bolts can be used to retrieve a position. The algorithm will only be executed when a request 
is made by the user. 



1.5 Requirements Specification 
When using a wireless connection like Bluetooth LE to retrieve positions it can be a problem 
when an item lies beneath other equipment, especially equipment that has the capability of 
interfering with the radio frequency of the Bluetooth signal. This interference (noise) can 
occur with laptops, phones, tablets and so on. An item hiding behind a lot of equipment will 
also be a problem to find because the signals will get weaker the more objects are blocking 
the way. 
 
If a Bluetooth SensorTag gets places on a specific position between three Anybus Wireless 
Bolts, information can get collected from the Anybus Wireless Bolts and then used to 
calculate the position of the SensorTag.  
 
The requirements were settled with some hints from the staff members in HMS in 
combination with personal opinions. The requirements are: 
 

● Create an algorithm able to communicate with the Anybus Wireless Bolt  
● Use the trilateration technique to calculate the position of a Bluetooth LE device  
● Have an accuracy of max 1m error 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



2.Background 

2.1 Positioning Techniques 
There are many scientific articles where different approaches for indoor positioning have 
been tested. Some of these were with Wi-fi and others with Bluetooth. When analyzing the 
approaches made with Bluetooth Low Energy there were several algorithms used to get 
good results.  

2.1.1 Monte Carlo Localization 
One approach was using the Monte Carlo Localization method to calculate the positions[1]. 
The Monte Carlo Localization (MCL) method has been more used on robotic systems but in 
one article there was a technique using two sensors, the accelerometer and a compass to 
obtain positioning results. Using the Monte Carlo Localization gave a better stability than 
using triangulation. But is more applied on the localizations on robots rather than using it for 
indoor positioning. 

2.1.2 Location Fingerprint 
Another article tested the positioning using Bluetooth Low Energy with an approach called 
location fingerprint[2]. This technique has a very high accuracy. It uses two phases to 
calculate the RSSI value which is then used in a formula to obtain the position. RSSI that 
stands for Received Signal Strength Indication uses radio propagation over space. The first 
phase is the offline phase, where an analyzation of the RSSI is set in motion when it’s in 
different reference points. When doing this phase the information gets collected from 
different beacons that are set in specific locality. The RSSI that is being collected is stored in 
a database together with the measured reference points that were mentioned earlier. 
The second phase is almost the same procedure but instead it’s online. Here the RSSI 
measurements collected online are compared with the stored ones from the offline phase. 
The last step consist of using a formula that puts the value of the RSSI online and the RSSI 
offline to accomplish an accurate position distance.  
The location fingerprint is one of the best choices to use that will give results with high 
accuracy. Many researchers apply this technique because of this motive. However this 
technique has the negative characteristic that it is time consuming when implementing the 
first phase, making it even more time consuming in bigger areas like warehouses. 
Maintaining the collected data updated in an environment that is constantly changing has to 
be periodically checked for errors bringing a higher cost[3]. 

2.1.3 Trilateration/Triangulation 
Calculating the positioning with Bluetooth Low Energy using the triangulation technique is 
another approach. The access points have a radius that determines have far the signal can 
reach, this radius creates a circle around each access points[4]. The radius is either 
measured by the signal strength or the time elapsed. With several access points within reach 
an intersection point will appear making it able to calculate the position.  



When using the triangulation technique to obtain the position with the help of the RSSI there 
are three algorithm that gets used to obtain this. When using the least square estimation the 
accuracy of the positions gets improved. The three border positioning is the second 
algorithm, by knowing the coordinates of the reference nodes and the distance of these the 
coordination can be attained. The third and last algorithm is the centroid positioning. Using 
coordinates from different intersection points the coordinate of the middle of the polygon 
(centroid) can be obtained.  

2.2 Devices used for execution 
When working towards the goals for the project, HMS have assigned specific hardware to 
work with. One of this hardwares is specifically created and designed by HMS themselves 
and are more used in factories for their machines.   

2.2.1 Anybus Wireless Bolt 
[5]Anybus Wireless Bolt is a hardware created by HMS. It gives companies the possibility to 
connect industrial machines and devices to a wireless network. This product supports 
wireless accesses such as Bluetooth, Bluetooth Low Energy or Wireless LAN (WiFi). An 
access through a wire with Industrial Ethernet is also possible. It supports different protocols 
for example all TCP and UDP based protocols. Attaching the product to a device gives the 
user a possibility to troubleshoot the device through an internal web page. This web page 
can get accessed by a range of 100 meters. The users can access this internal web page via 
a laptop, tablet or smartphone. This internal web page allows users to access information by 
typing in specific commands, this information can for example be a list of all the Bluetooth 
Low Energy devices enabled in a certain distance.  
 
This product consist of a connector, communication processor and an integrated antenna. It 
has a shell that has an IP67 protection class. 

2.2.2 IP67 Protection class 
[6]IP stands for Ingress Protection. IP67 stands for a specific type of protection in a rating 
system. This rating system is a classification system that shows the degrees of protection 
from solid objects and liquids. The first number indicates a protection against solid objects. 
The number 6 is for total protection against dust. The second number represents the 
protection against liquids. Number 7 protects against the effects of immersion of water to 
depth between 15 cm and 1 meter. 

2.2.3 SimpleLink Bluetooth Low Energy/Multi-standard SensorTag 
[7]This SensorTag is a hardware made by Texas Instruments. It allows users to connect to a 
cloud with Bluetooth Low Energy to access different information such as temperature, 
humidity, pressure and so on. It supports both iOS and Android. This SensorTag utilizes 
75% lower power consumption than former Texas Instruments Bluetooth Low Energy 
products. The SensorTag has the ability to last for years of battery lifetime. The SensorTag 
supports iBeacon technology giving the possibility to launch applications from the users 



phone and customize content based on the data generated by the SensorTag and physical 
location.  
 

2.2.4 Ethernet 
[8]Bob Metcalfe created the ethernet in the 1970s. The ethernets property is to produce a 
local area network when connecting computers and equipments together. There must exist 
an Ethernet adapter or a network card to be able to connect with the Ethernet cables. The 
card is built with ports or sockets. There are two types of cables that is used in today's 
modern era. One structure is that on the inside there is eight twisted pairs of wire, the cable 
is comparable to a phone wire but minimized. Another structure is fiber-optic cables. 
Fiber-optics wires are substituted with thin strands of glass. This cables are then connected 
to a united hub, switch or gateway. 
 
The frames that are transmitted through the Ethernet have both a source address of the 
sender and a destination address of the recipient. The data is then sent through the Ethernet 
and broadcasted to all network devices, where it’s then thrown away or kept. Collisions 
between frames are supervised by the Ethernet system. The system regulates the flow of 
data to avoid collisions. By controlling the main network connection, devices can analyse 
when to send frames. This regulations are made to know if another device is also using the 
main network connection. The frames get then sent through broadcast and checked by the 
other recipient until it gets chosen by the righteous recipient. In occasions when two frames 
do use the network connection at the same time, a control function named carrier sense 
multiple access with collision detection takes control. This control function abbreviated 
CSMA/CD creates a small delay for one of the frames so the other frame can overleap and 
pass through, afterwards will the other frame get sent. 
 
Wireless network have been replacing wired network in some occasions. But this causes 
instead more interference and are less secure. This makes Ethernet technology still the 
standard use in most factories.  

2.2.5 Switch (Netgear FS608v) 
[9]Switches have the effectiveness to learn addresses. By having this quality it transmits 
packets by knowing which mac address the packets media access- control header has and 
forwards it to exactly the right destination. The header contains data on destination policy 
and priority provisions giving the advantage for a more reduced segment traffic and 
congestion. The consequence of the header carrying this type of data also increments the 
security. The switch doesn’t alter the packets in the transmitting process. Packets don’t get 
lost at the same extent because the switch has the ability to resolve network loop paths. 
Switches can both receive and transmit packets while at the same time holding a balance by 
eliminating collision between packets. The switch has the capability to reduce congestion 
which increases performance and speed. Flow control and buffering are other additional 
features that mitigates congestion.  
 
 



2.3 Programming language & implementation of API  
Combining the proper software with the required API’s (application programming interface) 
will lead to a bridge towards communication with the hardware and also a communication 
between the devices themselves which is an important step in this project.  

2.3.1 Java 
[10]A team of engineers named Green Team created in cooperation with Sun Microsystems 
Java in the 1990s. This programming language was inspired by another leading 
programming language at that time, C++. It had similar functions in comparison to C++ and 
one of these attributes where that it was an object-oriented programming language. An 
object-oriented programming language means that it depends on complex data structures, 
this raises the degree of structure in the code. With the internet becoming more expand and 
larger by everyday at that time, the team that was creating Java realized that a programming 
language that could run on different set of operating systems and not only one was needed 
and so Java was created.  
 
Java is not interpreted or compiled which makes it different from C++ and other existing 
programming language. When interpreted, the program needs to be converted to binary 
instructions when the program gets used , this make java less slow. While when it’s 
compiled, the program is first converted to binary before arriving to the running process of 
the program. Java has instead an intermediary process, that compiles code into a format 
called bytecode. Afterwards this is executed not on the computer itself but instead by Javas 
own execution “computer” named Java Virtual Machine (JVM). By using this approach code 
can be written on different set of operating systems, the hardware doesn’t have the need to 
be known. The only requirement is that a variant of JVM must exist on the specific hardware 
that the user wants to run the code on.  
 
Java is the primary programming language Android mobile systems have been created by. 
Oracle has been working on JVM since 2010 and also owns the rights of the authentic 
technologies of Java. 

2.3.2 Network Socket 
[11]In a two-way communication link there exist a socket in one of this endpoints. An 
endpoint is a combination of a port number and an IP address. This link enables a 
transmission between two programs that are running on the network. There is always a port 
number to a socket. A port number is needed so the TCP layer can know the information 
that has to be sent to a specific application. 
 
The server on a computer includes a socket. The servers operation is to wait for the socket 
until it makes communication with the server. The server will execute a task only when a 
client appears in the socket that is requesting a connection with the server. The client will try 
to engage to a meeting with the server, to be able to make a request for a connection. By 
reason of the client knowing both the host name of the machine running the server and the 
port number the server is waiting on, can the client makes this request. Afterwards an 



identification of the client is needed for the server so it can attach to a local port number. 
This process is made by the system. When the server secures the connection a new socket 
gets available for the server to use and attach to the same local port. The attachment occurs 
with the servers endpoint set to the address and port of the client. The reason why the new 
socket is necessary is because the server needs the original socket to be unoccupied for it in 
order to be able to listen for future connection requests. When the connection is accepted on 
the client side a socket will be successfully generated and the client will have the ability to 
have a successful conversation with the server, the conversation between these can emerge 
by writing or reading.  

2.3.3 GUI (Graphical User Interference) 
[12]GUI that are human-computer interaction systems allows users to control what a 
computer application can do by visual representation of objects or commands. This interface 
gives the possibility for users to access and work with the information stored in computer or 
in a network. Interfaces can both be graphic or text-based depending on the one designing 
it. When using a text-based system there is a possibility for users themselves to put 
information of commands such as text string or specific words to launch a task. GUI is 
created in such a way that computer executions are bounded to graphic icons. When clicking 
on an icon this icon is connected with a function the computer executes. 
 
A way to make a GUI more user friendly is by using a design principle named interface 
metaphors. Figures representing real-world objects or concepts triggers users for a more 
deeper understanding of the executions of which the computer does.  

2.4  Bluetooth Low Energy (BLE) 
[13]Bluetooth Special Interest Group (SIG) are the company that developed Bluetooth Low 
Energy (BLE). BLE is a wireless technology that is used when connecting between devices 
in a short range. It is a solution to a communication using low-power. The Controller and 
Host is the two main parts the Bluetooth Low Energy protocol stack is made of. The Physical 
Layer and the Link Layer are the ones in the Controller. An application processor is used in 
the Host instead and this consist of upper layer functionality. Some protocols that pertain to 
the upper layer is the Logical Link Control, Generic Attribute Profile(GATT) and the Attribute 
Protocol (ATT). In the Physical layer it exist two types of RF channels, the advertising and 
data channels. When a user tries to discover a device, establish a connection or when 
broadcast transmission is necessary the use of the advertising channels takes place. 
Bidirectional communication between one connected device and another are the part that 
data channels handles. In the Link layer there exist two parts to be able create a connection, 
the master and the slave. A master can handle multiple simultaneous connections with 
different slaves while the slave only can connect to one master. When Bluetooth Low Energy 
saves energy their slaves are in sleep mode in default and listens for available packet 
receptions from the master only when waking up repeatedly. 
 
There are two security mode named LE Security Mode 1 and LE Security Mode 2, this two 
securities contributes security functionality at the Link Layer and at the ATT Layer. The Link 
layer supports both encryption and authentication protection. Cipher Block 



Chaining-Message Authentication Code algorithm is the one used when applying this type of 
protection. Bluetooth Low Energy also has another form of protection which is named 
privacy feature. This protection gives the possibility for devices to use private addresses and 
generally change them. When making this process the probability of an attackers to track a 
Bluetooth Low Energy device minimizes. The private addresses are created by using 
encryption on the devices public address. This is solved by a trusted device that has been 
granted the complementary encryption key. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3.Method 

3.1 How the task will be specified 
An agreement on how HMS wanted the project to develop was vital for the formulation of the 
project. This formulation was made by following the specifications given by the main 
supervisors from HMS.  

3.2 Method Description 
Before the project initiated, accumulating information from different scientific sources was 
prioritized. An overview of diverse approaches lead to one suitable approach for the project. 
When the approach was chosen, the creation of an algorithm commenced. A diary was 
created and written concurrently as the project advanced.  

3.2.1  Start of project 
The project was assigned by Jens Jakobsen and Henrik Arleving through a skype meeting 
where a vague description of the thesis was explained. A project plan was written afterwards 
and sent to Jens and Henrik.  
 
Before beginning the project a meeting was appointed with Jens and Henrik at HMS to 
review the requirements and get a more thorough explanation of the thesis. During the 
meeting the importance of the accuracy was highlighted but with the generosity that a 
margin of error could arise. Features on which the product should be easy to use and 
implemented in different systems was also mentioned.  
 
When choosing a suitable programming language, Java was chosen by cause of a wide API 
(application programming interface) and for practicing this language on previous courses.  
 
The specifications determined on the project was based on that a product’s location is 
unknown in a big warehouse and for this reason Bluetooth Low Energy is used to help to 
locate it.[14]The accuracy for indoor positioning was established by using the margin error of 
a company that sells products for homes, which was a maximum of 1 meter. This 
specifications will be estimated acceptable if it is satisfied by the main supervisors from 
HMS. 

3.2.2  Execution of project 
When the requirements were determined, the progress of starting the project began. 
Cooperative work in HMS once or twice a week was made during an estimation of 3 months. 
When meeting in HMS, milestones were written in a diary to try to accomplish this during the 
day. If the case when a milestone wasn’t accomplished emerged it was postponed to the 
next time when meeting in HMS. 
 



The project began with trying to find an approach to extract the RSSI (Received Signal 
Strength Indicator) value to be able to calculate a specific position of a Bluetooth Low 
Energy SensorTag. The Anybus Wireless Bolt was able to give information of Bluetooth Low 
Energy units from a range the user assigned to its internal web page. With this information, 
the RSSI values were accumulated from three Anybus Wireless Bolts in order to accomplish 
one position on a coordinate system.  
 
A visualization of the fact explained above was visualized by creating a GUI (Graphical User 
Interface). The Anybus Wireless Bolts were placed on a visualized coordinate system. When 
the positions gets retrieved from the Anybus Wireless Bolts, the SensorTag will appear 
visualized with the coordinate of the position. 
 
The tests were performed in a room with an area of approximately 40 m2. The size can be 
compared to a medium sized conference room with an open space. The room had tables, 
chairs, a tv and plants. When there is an amount of objects between the Anybus Wireless 
Bolts and the SensorTag, the signals gets altered. The RSSI signal is extremely sensitive 
which made the tests hard to perform. When removing objects or placing the SensorTag in a 
different position with less or more objects the signal got altered immediately which in turn 
affected the position. The positions got determined by measuring with a measuring tape how 
far each Anybus Wireless Bolt was from the position (0.0), with an exception of the Anybus 
Wireless Bolt already in that position.  
 

 
 
Figure 1: Image of the testing environment from HMS department Digit1. The yellow circles  
               represents the Anybus Wireless Bolts and the red circle represents the SensorTag. 
               The (X1.Y1) coordinate is position (0.0) in a coordinate system. The (X2.Y2) 
               coordinate is (7,97.0) and the (X3.Y3) coordinate is (3,59.4,93).  
  



3.2.3  Thorough explanation of project 
The method used in this project was trilateration. This method can be easy implemented in a 
code and don’t need expensive equipment to do it.  
 
The RSSI (Received Signal Strength Indicator) signal is in dBm (Decibel-milliwatts). When 
converting dBm to distance, the position of the SensorTag can get calculated. The formula 
used was: 
 

 

(1) 
 
The Measured Power from formula (1) is the RSSI (Received Signal Strength Indicator) 
signal measured 1 meter from the access point, it is an empirical relationship. The N is a 
variable that specifies the extent of objects in an environment blocking the signals between 
the Anybus Wireless Bolts to the SensorTag. This values can differ between 2 to 4. When N 
has the value 2 the blocking of objects are moderate, but when N has the value 4 more 
objects are blocking the signals[15]. 
 
This formula (1) calculates the distance between one Anybus Wireless Bolt and the 
SensorTag. In order to create a trilateration, three Anybus Wireless Bolts are needed and 
combined to calculate the position of the SensorTag as shown in Figure 2 below. The 
Anybus Wireless Bolt works like an access point, meaning that each Anybus Wireless Bolt 
gets assigned an x and y value to be able to create a coordinate system. This gives the 
possibility to calculate a position of a Bluetooth Low Energy SensorTag between this Anybus 
Wireless Bolts by using the points assigned to the Anybus Wireless Bolts.  
Two access points will not work because there will be two points that are exactly at the same 
distance to the access points, that's why the third is needed to remove one of the points and 
only give one point where the SensorTag is. This is shown in Figure 3 below. 
 
 
 



 
Figure 2: Images of three Anybus Wireless Bolts in a coordinate system using the  
               trilateration method to be able to retrieve the position from the SensorTag. 
               Using the radius R from the circles the position can get calculated.  
 

 
Figure 3: Access points from two Anybus Wireless Bolts. The position retrieved from  
               the Anybus Wireless Bolts confuses the algorithm and displays the  
               SensorTag in two possible positions instead of one. 
  
The tools used in this project were three Anybus Wireless Bolt, a SensorTag from Texas 
Instruments and a computer with an algorithm written in java. 
 



The first experiment was with only one Anybus Wireless Bolt. Accuracy was the main focus 
on this experiment. Studying the distance to the SensorTag made it able to notice how much 
margin of error the accuracy had. 
 
In the second experiment three Anybus Wireless Bolts were placed in the HMS Digit1 
department on fixed positions. Each Anybus Wireless Bolt was then given an x and y value 
by calculating with the measuring tape their values. This created a coordinate system. After 
calibrating the coordinate system the SensorTag was placed on a fixed position, executing 
the algorithm making it able to calculate the positions 
 
To accomplish the goals, previous research and scientific reports were used for guidance. 
Employees in HMS gave also hints and help when needed to be able to advance.  
 
The algorithm was created and tested in the program Eclipse Java Neon. 
The SensorTag and Anybus Wireless Bolts were provided by HMS for this project. A switch 
was also lended by HMS to be able to gather values from three Anybus Wireless Bolts at the 
same time.  
 

3.3 Data analysis 
The first experiment was made to see how accurate the access point and the formula for 
calculating distance is. The program calculated a distance and that distance was compared 
with the real distance that was measured by hand and the N in the formula was changed to 
get the most accurate result to that environment, this helped to get more accurate result on 
the position in the second experiment. 
 
The second experiment was when all the three access point were placed in know places and 
the SensorTag was in a secret place that the program did not know. The real location of the 
SensorTag that was measured manually and the location of the tracking program was 
compared to see how close they were to each other and how big the error were. This gave a 
result of how good accuracy the tracking program has. The experiments was done 5 times in 
all the different areas in HMS Digit1, to get a more correct value and the average of the 
accuracy is the real accuracy of the product. This was done to ensure the accuracy is good 
and not a lucky incident. 
 
Those experiments told if the result meets the specifications for this project, that's why the 
result of the experiment is important and need to be correct. Then the result was compared 
with the specifications, to see if they are met or not. 
 
They are many factors that can give a bad result from the experiments. If the N in the 
formula isn’t set correctly to the environment, the positions of the SensorTag will have a low 
accuracy, if there is a bug in the program then the impact can be big on the position of the 
SensorTag and if one or more of the access points stop working or give the wrong values, 
then the tracking program will give a wrong position or not work at all, then last but not least 



if the bluetooth antenna amplifier, if the amplifier give the same gain in all the directions from 
the access point and the SensorTag. 

3.4 Theory 
There are two different formulas that had to be combined to insure that the trilateration works 
correctly. The first formula (1) is the distance from the access point to the SensorTag and the 
second one (5) is the the trilateration algorithm that can give a X and Y value of the location 
of the SensorTag. 
 
The first formula (1) is converting the RSSI to meters and that gives the distance between 
the access point and the SensorTag[15]. The second formula is using pythagorean theorem,  
having known X and Y values for the three access point and the radius is calculated with 
help of the first formula (1) from the RSSI. The only unknown values are the X and Y for the 
SensorTag. 
 
In the formula “s” is for SensorTag and “ap” is for access point, example ap1 is  
access point 1 
 

(2) 
 
The values that are requested to find the SensorTag in formula (2) are Xs and Ys, that can be 
done with help of a matrix. 
 

 
(3) 

The formula for  Xs and Ys are calculated from (3)  
 

 
(4) 

A, B and C in (4) are made to simplify the formula. 
  



(5) 
 
These three access point values are combined with each other, to get a result of the X and Y 
values for the SensorTag[16]. 
 
Those two formulas (1) and (5) are combined with each other in a working java code that 
have connection to the access points to get the distance from them to the SensorTag and 
then does the java code the calculation to get a X and Y for the SensorTag. 
 
The electromagnetic wave that are also used in bluetooth can be affected by different factors 
and makes the signal weaker, this will result that the accuracy of the positions will also be 
affected. One of the factors that will affect the electromagnetic wave are when the waves are 
going through windows, walls and different materials, the waves are affected because the 
different materials can absorb, reflect or transmit and that result in a scattering in the 
waves[17].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



4.Result 

4.1 Achievements  
The software development is divided in different sub methods and all those sub methods 
need to work together to make a functioning product and in this state of the project all of 
those sub-methods are done and tested.  
 
The first sub-method was to get connection with the Anybus Wireless Bolt. The Anybus 
Wireless Bolt uses RJ45 connection to communicate and there are some commands that 
have to be sent to it and wait for a result from it. The command that have to be sent is a 
search of bluetooth devices in its range and then return the name and some information 
about the device like its RSSI value that is needed to this project, the Anybus Wireless Bolt 
can communicate with software code by socket. 
 
The second sub-method was the the formula for distance and implement it to a java code. 
When the formula was implemented in the code some testing needed to be done to see how 
far of the values was from the real value. Some testing was done with different N and 
measured power values to see which one was the best and how much they differed from 
reality. 
 
The third sub-method was connecting all three Anybus Wireless Bolts to one java code and 
do the trilateration algorithm. The connection to the three Anybus Wireless Bolts was made 
with help of a netgear switch, when the connection to the three Anybus Wireless Bolts 
worked, the algorithm was written in the java code and tested to see if there were any errors 
in the code and if the program gave any x and y values of the SensorTag. 

4.2 Experiments 

4.2.1 Trilateration experiment 
The Anybus Wireless Bolt was put upside down, with the thick side to the ground. Some 
tape have been put on the floor to have them stand steady. Also numbers on the Anybus 
Wireless Bolts have been placed to know which address each one has when connected to a 
switch, the numbers are 98, 99 and 100.  
 
Every test was set to do 50 searches. The 50 searches are going to execute 5 times and 
then the average of those 5 RSSI values will be the result for one test, as shown in Figure 4. 
The use of 5 times was used instead of 3 times is because it gives a better accuracy 



 
Figure 4: Steps for each test  
 
The Anybus Wireless Bolts were connected to the switch with was connected to a computer 
that had the trilateration program. 
 
The (x.y) coordinates for the Anybus Wireless Bolts are (0.0), (0.3) and (8.0) in the test.  
The values in the diagrams are in meters and the result in the diagrams are the average 
difference from the trilateration program and the manually calculated distance. 
 

 
Figure 5: Error values with standard deviation from test with N=2.  
               The x-axis is the different tests and the average of them 
               and the y-axis is the error in meters. 
 
The first test as shown in Figure 5, was with the same N value on all Anybus Wireless Bolts 
and it was set to 2. The number two was determined because the amount of objects in the 
testing environment was not greatly. The test was done 3 times and for each time the 
average of 5 values was taken. When those were done the average of the was the result of 
this test.  



 

 
Figure 6: Error values with standard deviation from test with Guessed N.  
               The x-axis is the different tests and the average of them 
               and the y-axis is the error in meters. 
 
The second test as shown in Figure 6, was that the N value of each Anybus Wireless Bolt 
was guessed according to the environment around that Anybus Wireless Bolt. The values 
from this test was done the same way as the first test. 
 

 
Figure 7: Error values with standard deviation from test with calculated N.  
               The x-axis is the different tests and the average of them 
               and the y-axis is the error in meters. 
 
The third test as shown in Figure 7, was that the N value of each Anybus Wireless Bolt was 
calculated. The calculation for the N value was that the SensorTag was put 1 meter from the 
Anybus Wireless Bolt and the N value in the program was changed until the program gave a 



distance of 1 meter and the N value that was used in that result was the N value for that 
Anybus Wireless Bolt. Then the test was done the same way as the first and second test.  
More in depth results are in the Appendix. 
 

 
Figure 8: Result from all test with the error value of the radius.  
               The x-axis is the different tests and the y-axis is the error in meters. 
 
Figure 8 shows the average of 3 different test that have been done and their error radius for 
them. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



5.Discussion 
Problems that occurred during the testing was when placing the SensorTag on x’s negative 
axis and y’s positive axis it gave opposite answers or completely wrong answers. Depending 
on the extent of objects blocking each Anybus Wireless Bolt it affected the generated results. 
The antenna in both the Anybus Wireless Bolt and in the SensorTag altered the results. An 
effort for trying to solve this problem was by trying to position the antennas from the three 
Anybus Wireless Bolts towards where the SensorTag was positioned on the floor. Putting 
the SensorTag on a higher position than the Anybus Wireless Bolts and also removing the 
rubber protection gave a better result. Forcing the SensorTag to stand on a specific manner 
improved the results in such a way that the antenna could send signal much better.  
 
Putting more focus on the antenna by strengthening it or have bought an external antenna to 
test with the units would have been an option for a better approach.  
 
The result was compared to an other projekt to see if the result is good compared to other 
scientific report, the result in the scientific report was estimated to an error of 0.85 meter 
compared to an error of 1.05 meters that was in this project, it is a difference of 0.2 
meters[18]. 
The project in the scientific report is using more than three nodes and that helps with the 
accuracy and the error become smaller, and that explain the 0.2 meters difference between 
the projects. The error of 1.05 meters is in phase with the other project and it is considered a 
good result. 
 
The product that have been used in this project is a product that HMS already have on the 
market, this project make use of the Anybus Wireless Bolt and give it one more function that 
can be used on those devices that is on the market. This makes this project an economically 
and environmentally friendly project because this is a new function on an already existing 
product. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



6.Conclusions 
 
The conclusions that came up after this project was done was that using the same N value 
gave the best accuracy in the test and that the antennas of the Anybus Wireless Bolts and 
SensorTag, made the biggest impact on the result of this projekt. The environment made 
also a impact to but not as much as the antennas. The problem with the antennas was that 
their amplifier was not giving the same gains in all the directions and that made that the 
program gave wrong position because of the RSSI value was not correct for that position the 
SensorTag was in. 
 
If the gains of the antennas was in all directions the result would be much better and the 
error would be less from what the result was from the testing that was done. 
 
The average error that this project received was 1,05 meter and the goal for this project was 
an error less than 1 meter, the result was very close to the goal and HMS was pleased with 
that accuracy. 
 
The test with guessed N value gave an average error of 1,09 meter and the test with 
calculated N gave an average error of 1,27 meters. Those test didn’t give as good result as 
the test with the same N. 
 
The result of each test was an average of 3 test that had an average of 5 run times with an 
average of 50 searches in every run as shown in figure 2. The test was restricted to those 
numbers because of the time it took to do the test. If time was not a restriction more 
searches and more run times should have been done to get a more accurate result from the 
test 
 
The test should have been done in different areas then only in HMS Digit1 to see if the result 
is the same in different environments or does the result change drastically in those 
environments.  
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



7.Future work 
The future work that this project need are some better Bluetooth antennas that have an 
amplifier the give the same gains in all directions, it would help to get better result and some 
more testing on that should be done to ensure it. 
 
The searches and run times should be more then the number of times that have been used 
in the tests that have been done, 100 searches and 10 run times should help to get a more 
accurate result but some testing on that should be done to ensure it is true. 
 
The tests should be tested in different environments to see if the result is the same in those 
places also 
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9.Appendix 
 
 
 
 

Test with N=2 (1) 
 
Bolt 98 Bolt 99 Bolt 100   

Measured 
Power 

Measured 
Power 

Measured 
Power  N = 2 

70,224 67,356 72,144   

     

     

First try Trilateration TRUE Error  

 x = 5,0 x = 4,42 0,58  

 y = 2,38 y = 3,23 0,85  

     

Second try Trilateration TRUE Error  

 x = 4,49 x = 4,42 0,07  

 y = 1,83 y = 3,23 1,4  

     

Third try Trilateration TRUE Error  

 x = 4,79 x = 4,42 0,37  

 y = 2,31 y = 3,23 0,92  

     

Fourth try Trilateration TRUE Error  

 x = 4,7 x = 4,42 0,28  

 y = 2,0 y = 3,23 1,23  

     

Fifth try Trilateration TRUE Error  

 x = 5,2 x = 4,42 0,78  

 y = 2,48 y = 3,23 0,75  

 
 
 
The position of the SensorTag have been change: 
 



 
Test with N=2 (2) 

 
Bolt 98 Bolt 99 Bolt 100   

Measured 
Power 

Measured 
Power 

Measured 
Power  N = 2 

70,224 67,356 72,144   

     

     

First try Trilateration TRUE Error  

 x = 3,91 x = 2,35 1,56  

 y = 1,2 y = 1,77 0,57  

     

Second try Trilateration TRUE Error  

 x = 3,49 x = 2,35 1,14  

 y = 1,62 y = 1,77 0,15  

     

Third try Trilateration TRUE Error  

 x = 3,49 x = 2,35 1,14  

 y = 1,16 y = 1,77 0,61  

     

Fourth try Trilateration TRUE Error  

 x = 3,87 x = 2,35 1,52  

 y = 0,82 y = 1,77 0,95  

     

Fifth try Trilateration TRUE Error  

 x = 3,62 x = 2,35 1,27  

 y = 1,05 y = 1,77 0,72  

 
 
The position of the SensorTag have been change: 
 
 
 
 
 
 



Test with N=2 (3) 
 
Bolt 98 Bolt 99 Bolt 100   

Measured 
Power 

Measured 
Power 

Measured 
Power  N = 2 

70,224 67,356 72,144   

     

     

First try Trilateration TRUE Error  

 x = 3,73 x = 4,40 0,67  

 y = 1,56 y = 0,85 0,71  

     

Second try Trilateration TRUE Error  

 x = 3,88 x = 4,40 0,52  

 y = 1,84 y = 0,85 0,99  

     

Third try Trilateration TRUE Error  

 x = 3,94 x = 4,40 0,46  

 y = 1,55 y = 0,85 0,7  

     

Fourth try Trilateration TRUE Error  

 x = 4,2 x = 4,40 0,2  

 y = 1,13 y = 0,85 0,28  

     

Fifth try Trilateration TRUE Error  

 x = 4,01 x = 4,40 0,39  

 y = 1,41 y = 0,85 0,56  

     

 
 
The errors of the test will be put together and the average of x and then of y will be counted. 
 
Average of errors: 
x = 0,73 
y = 0,7593 
 
Pythagoras sats was used to calculate the average error of the test: 
 



x2 + y2 = r2 

 
r2 = 1,10943649 
r = 1,0532979 
 
A change in the test. The N value will be set for each Anybus Wireless Bolt depending on 
how much obstacles are blocking the signal. 
 
 

Test with guessed N value (1) 
 
Bolt 98 Bolt 99 Bolt 100  

Measured 
Power 

Measured 
Power 

Measured 
Power  

70,224 67,356 72,144  

N = 3 N = 2 N = 2  

    

First try Trilateration TRUE Error 

 x = 3,57 x = 3,43 0,14 

 y = 0,38 y = 0,76 0,38 

    

Second try Trilateration TRUE Error 

 x = 3,91 x = 3,43 0,48 

 y = 0,14 y = 0,76 0,62 

    

Third try Trilateration TRUE Error 

 x = 3,38 x = 3,43 0,05 

 y = 0,26 y = 0,76 0,5 

    

Fourth try Trilateration TRUE Error 

 x = 3,6 x = 3,43 0,17 

 y = 0,04 y = 0,76 0,72 

    

Fifth try Trilateration TRUE Error 

 x = 3,49 x = 3,43 0,06 

 y = 0,11 y = 0,76 0,65 

 
 

 
The position of the SensorTag have been change: 



 
Test with guessed N value (2) 

 
Bolt 98 Bolt 99 Bolt 100  

Measured 
Power 

Measured 
Power 

Measured 
Power  

70,224 67,356 72,144  

N = 3 N = 2 N = 2  

    

First try Trilateration TRUE Error 

 x = 2,92 x = 2,23 0,69 

 y = 0,65 y = 1,71 1,06 

    

Second try Trilateration TRUE Error 

 x = 2,98 x = 2,23 0,75 

 y = 0,28 y = 1,71 1,43 

    

Third try Trilateration TRUE Error 

 x = 2,94 x = 2,23 0,71 

 y = 0,13 y = 1,71 1,58 

    

Fourth try Trilateration TRUE Error 

 x = 2,9 x = 2,23 0,67 

 y = 0,45 y = 1,71 1,26 

    

Fifth try Trilateration TRUE Error 

 x = 3,10 x = 2,23 0,87 

 y = 0,79 y = 1,71 0,92 

 
 
The position of the SensorTag have been change: 

 
Test with guessed N value (3) 

 
 
Bolt 98 Bolt 99 Bolt 100  

Measured Measured Measured  



Power Power Power 

70,224 67,356 72,144  

N = 3 N = 2 N = 2  

    

First try Trilateration TRUE Error 

 x = 2,82 x = 4 1,18 

 y = 2,22 y = 3 0,78 

    

Second try Trilateration TRUE Error 

 x = 3,05 x = 4 0,95 

 y = 2,10 y = 3 0,9 

    

Third try Trilateration TRUE Error 

 x = 2,97 x = 4 1,03 

 y = 2,17 y = 3 0,83 

    

Fourth try Trilateration TRUE Error 

 x = 3,34 x = 4 0,66 

 y = 1,97 y = 3 1,03 

    

Fifth try Trilateration TRUE Error 

 x = 2,52 x = 4 1,48 

 y = 2,64 y = 3 0,36 

 
 
 
The errors of the test will be put together and the average of x and then of y will be counted. 
 
Average of errors: 
x = 0,6593 
y = 0,868 
 
Pythagoras sats was used to calculate the average error of the test: 
 
0,65932 + 0,8682 = r2 

 
r2 = 1,18810049 
r = 1,0900002248  
 
 



 
A change in the test. The N value will tested separately for each Anybus Wireless Bolt to see 
if it has been calibrated right for each Anybus Wireless Bolt . Then The tests will be 
performed. 
 
The coordinates for the Anybus Wireless Bolts are (0.0), (3,59.4,93) and (7,97.0): 
 
 

Test with calculated N value (1) 
 
Bolt 98 Bolt 99 Bolt 100  

Measured 
Power 

Measured 
Power 

Measured 
Power  

70,224 67,356 72,144  

N = 2 N = 3 N = 2  

    

First try Trilateration TRUE Error 

 x = 4,14 x = 3,86 0,28 

 y = 1,52 y = 3 1,48 

    

Second try Trilateration TRUE Error 

 x = 4,32 x = 3,86 0,46 

 y = 1,68 y = 3 1,32 

    

Third try Trilateration TRUE Error 

 x = 5,38 x = 3,86 1,52 

 y = 2,59 y = 3 0,41 

    

Fourth try Trilateration TRUE Error 

 x = 4,9 x = 3,86 1,04 

 y = 2,39 y = 3 0,61 

    

Fifth try Trilateration TRUE Error 

 x = 4,52 x = 3,86 0,66 

 y = 1,75 y = 3 1,25 

 
 
 
The position of the SensorTag have been change: 
 



Test with calculated N value (2) 
 
Bolt 98 Bolt 99 Bolt 100  

Measured 
Power 

Measured 
Power 

Measured 
Power  

70,224 67,356 72,144  

N = 2 N = 3 N = 2  

    

First try Trilateration TRUE Error 

 x = 3,49 x = 2,18 1,31 

 y = 1,28 y = 1,74 0,46 

    

Second try Trilateration TRUE Error 

 x = 3,21 x = 2,18 1,03 

 y = 1,25 y = 1,74 0,49 

    

Third try Trilateration TRUE Error 

 x = 3,04 x = 2,18 0,86 

 y = 1,38 y = 1,74 0,36 

    

Fourth try Trilateration TRUE Error 

 x = 3,25 x = 2,18 1,07 

 y = 1,81 y = 1,74 0,07 

    

Fifth try Trilateration TRUE Error 

 x = 2,37 x = 2,18 0,19 

 y = 2,67 y = 1,74 0,93 

 
 
The position of the SensorTag have been change: 
 

Test with calculated N value (3) 
 
 
Bolt 98 Bolt 99 Bolt 100  

Measured 
Power 

Measured 
Power 

Measured 
Power  

70,224 67,356 72,144  

N = 2 N = 3 N = 2  



    

First try Trilateration TRUE Error 

 x = 4,5 x = 4,12 0,38 

 y = 1,74 y = 0,65 1,09 

    

Second try Trilateration TRUE Error 

 x = 4,79 x = 4,12 0,67 

 y = 1,98 y = 0,65 1,33 

    

Third try Trilateration TRUE Error 

 x = 5,41 x = 4,12 1,29 

 y = 2,35 y = 0,65 1,7 

    

Fourth try Trilateration TRUE Error 

 x = 4,26 x = 4,12 0,14 

 y = 2,03 y = 0,65 1,38 

    

Fifth try Trilateration TRUE Error 

 x = 5,76 x = 4,12 1,64 

 y = 2,11 y = 0,65 1,46 

 
 
 
The errors of the test will be put together and the average of x and then of y will be counted. 
 
Average of errors: 
x = 0,836 
y =0,956 
 
Pythagoras sats was used to calculate the average error of the test: 
 
0,8362 +0,9562 = r2 

 
r2 = 1,612832 
r = 1,2699732281 
 
Final Result 
 Same N Guessing N Calculated N 

Pythagoras 1,0532979 1,090000225 1,269973228 
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