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Preface
This report is the result of a master thesis done in the field of Master of Science in Computer
Science and Engineering at the Technical University of Denmark (DTU). The master thesis
is a cooperation with Siemens A/S - Industry Sector - Mobility located in Ballerup. The
project is advanced by Siemens as a pilot-project and is nominated for 35 ECTS points. The
project was done in the period from 29-02-2016 to 29-08-2016.

In the original project registration, this thesis was to be written in Danish, but due to reg-
ulation for master thesis, the project have to be written in English instead. A copy of the
original project registration can be found in appendix A.

This project consists of a report and a project product. The report is a documentation for
the product and the product itself is the solution build to solve the purpose of the project.

The project products are programmed in C# and the mobile application was created with
the Xamarin-project for Visual Studio [33]. For the Windows client was used a third-party
liberary called Winbeacon [25]. The back-end of the system is spaced on a Mssql database.
There will not be handed in any source code for this project product, the only reference to
the source code is screen-shots and models within the report.

A digital version of this report is handed in via Campusnet and will thereby not be physically
signed by the author.

In the project is created a variance of terms to describe the system and the process. In the
end of this report there are therefore a glossary, describing the meaning of the terms.

Finally I have to thank Stig Høgh, university supervisor, and Jesper Lauge Kilde, com-
pany supervisor from Siemens A/S Mobility, for good guidance, solid support and feedback
throughout the entire project.

Further more I would like to thank Jan Helebrant from Siemens A/S Germany for help with
technical questions and for providing the Beaconinside BEACON model.

I would also like to thank my fellow student workers at Siemens A/S Mobility for input,
ideas and for borrowing their smartphones for testing.

Magnus B. Bang Nielsen, s071853
s071853@student.dtu.dk
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Abstract
It has become more common for companies to have hotdesk areas. This means that many
employees shares their office desks and other equipment. To make sure, that there are enough
desks, sufficient air ventilation and heating, the company needs to know when the desks are
occupied and how many persons there are in a given area.

Here the beacon technology is chosen together with an application to be installed either on
the users smartphone or laptop. The client application is made both for Android and PC
and can later be compiled to IOS.
When a person arrives to an area / location, the mobile device(smartphone or laptop) re-
ceives a signal from a beacon and the mobile device sends this data with user identification
and timestamp to a database via a REST web-service, for later use. The data is anonymized
and contains a unique user ID, a timestamp, a unique registration ID and location data from
the beacons.
The data is presented in a web-interface, where statistics are displayed.

Results of the implementation shows that it was possible to locate a person from the imple-
mented solution within a given area. The test results showed an error in precision of 50-60%,
so it is not possible to register a person at a desk as initially intended, but only in an area.
The major problem seems to be the signal interference in the office environment.

The solution is usable, but not as precise as intended. If higher precision is required, the
technology has to be changed.

The project is composed by Magnus Nielsen in cooperation with Siemens A/S Mobility.

Abstract in danish:
Det er blevet mere normalt for virksomheder at have områder med flyvende arbejdspladser,
som er hvor flere ansatte deles om de samme skriveborde og andet udstyr. For at være sikker
på at der er nok skriveborde og tilstrækkelig ventilation og varme, har virksomheden behov
for, at vide hvornår de forskellige skriveborde er optagede og hvor mange personer der er i
et givent område.

Her er det valgt et benytte beacon teknologien sammen med en applikation der skal in-
stalleres enten på brugerens smart-telefon og / eller bærbare computer. Klientapplikationen
er udviklet både til Android og PC og kan senere kompileres til IOS.
Når en person ankommer til et område, vil mobilenheden (smart-telefonen eller bærbaren)
modtage et signal fra en beacon enhed, hvorefter mobilenheden sender dette data videre,
med brugeridentifikation og tidsstempel tilføjet, via en REST web-service til senere brug.
Data er anonymiseret og indeholder unik brugerID, et tidsstempel, unik registreringsID og
lokations-data fra beacon enheden.
Data præsenteres i et web-interface, med grafisk præsentation af statistikker.

Resultaterne fra implementeringen viser at det var muligt at lokalisere en person i et givent
område ud fra den implementerede løsning. Resultaterne fra testene viser at afstanden fås
til at være 50-60% kortere og det er dermed ikke muligt at registrere en person ved et skrive-
bord, som det oprindeligt var tænkt, men kun at registrere personen i et givent område. Det
primære problem virker til at være støj på signalerne i kontormiljøet.

Løsningen er brugbar, men ikke så præcis som tiltænkt. Hvis en større præcision ønskes,
skal teknologien ændres.
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1 Introduction
Today it is more common to share resources or a desk with co-workers. This concept is
called hotdesk areas or free seating and is done to save resources and to be more cost effi-
cient. Earlier open offices came but after the laptops have become normal work-computers,
it has become possible to make standardized desks with a screen, mouse, keyboard and a
docking station to the laptop. That way, the employees do not need their own private desk,
so employees working at different hours, can use the same desk.

But how can it be measured or controlled how many that uses these areas to find out weather
there are enough room for everybody, optimal air-conditioning and heating?
Originally the scope was to count the numbers of employees in a given area and to register
employees at a specific object, such as a desk, that they would normally share. But during
the process, it got changed so the focus of this project is now only to measure how many
people there are in a given area

The solution is made with the beacon technology, started by Apple in 2013. The beacon
technology is based on bluetooth signals, that is broadcasted from the beacon unit and can
be picked up by anyone nearby, range up to 70m. The beacon technology requires that the
bluetooth in the receiving and transmitting units are turned on constantly and is at least a
version 4.0.

The system is designed to collect user data from the real world and put the data on to a
scaled map of a building or a floor plan. From these data collections, statistics and a visual
overview can be made to show where employees are located.
The collection of data is done through the everyday devices used by the users, such as a
smartphone or a laptop. In this report these devices will be referred to as mobile devices.
To protect the employees, the data are anonymized when it is collected to the system.

In order to test the implemented solution a test of the system was created with 4 Android
smartphones and a laptop using 2 different bluetooth chips. The results shows that all the
registered data was 50-60% to short in the measuring of the distances. All tests were done
in a normal hotdesk area containing walls of plaster, many wifi hotspots and other devices
using the 2.4GHz, all these things can interfere the beacon signals and are all expected to
be found in a normal hotdesk area.

Half way through the project it was tried to get an accurate measuring of distance using
a self-created beacon transmitter based on a Raspberry Pi and a laptop. The results from
this showed that the precision could not be within more than a meter in best case scenario.
Later the same was tested with a manufactured beacon unit with better results, but still not
accurate enough. It was then decided to focusing on registering persons in an area instead
of at an object.
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2 Project development process
This project is developed according to the developing model of Siemens Processhouse, see
figure 1. The working methods is structured around the V-model. The model handles
hardware and software projects or a deviation of those. This is a software pilot-project, so
only selected milestones from the model in figure 1 are used.

Figure 1: Developing model for projects at Siemens.

The chosen milestones are listed below including a description.

SY10 - Requirement specification
This milestone contains that all requirements, both functional and non-functional,
to the project are defined. The definition of these requirements ends up being the
requirement specification for the project. This milestone also includes designing of the
tests.

SY11 - Architecture.
It consists of a specification of the architecture for the system, the interface between
the different components and the specifications of the tests.

SW18 - Software design and development.
Here the requirement specification and the specification of the architecture are put
together to defining the design of the software. From the software design the project
can be programmed, and together with the specifications of the tests, several iterations
are made, until the software are completed. The development process to reach this
milestone is displayed in figure 2.
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SY19 - Implementation and test.
The project is implemented and tested against the requirement specifications.

After SY19 are completed, the project is ready to be presented for potential clients / cus-
tomers.

Figure 2: The developing process for the milestone SW18, with the possibility of several
iterations.
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3 Analysis
To define how the system is going to work, the surroundings of the system have to be taken
into account and be analysed. Which persons are going to use it, what it can be used for
and how it is going to be used.

First the system stakeholders are being identified. Now knowing who has interest in the
environment, different user scenarios and wishes can be set up for each stakeholder to fulfil
their wishes and needs. This is done by creating user stories. Later these user stories can be
collected and merged into common use cases for the system to be build. The use cases are
then detailed by creating a use case description and in the end functional and non-functional
requirements can be extracted from the use cases.

3.1 Stakeholders - Who interacts with the system
The project description describe the environment where the solution may solve everyday
problems. The environment is a hotdesk area, where people come and go as they wish. Due
to this the solution have different stakeholders. All these stakeholders have daily contact or
interaction with this environment. The stakeholders are defined below in table 1.

Person Also called employee. The person is one that have his every day work in a hotdesk
area. Everyday challenges might be to find a free seat, an area with a low amount of
people (quiet) or ensure that the person have the resources he / she needs for the work.

Manager Also called team leader or employer. It is in the interest of the manager that
there are enough free seats for the team to work together in the same area and have
a good working environment (ventilation and heating). Possible administrator of the
system.

Building personnel Also called SRE1employees. It is their job to maintain, repair and
install new features within the building. They are also responsible for the leasing of
the buildings and therefore have interest in knowing weather or not, there are enough
room / seats to fulfil contracts.

Cleaning staff Is responsible for the daily cleaning of the buildings. If the cleaning staff
were to know when an area would be empty or full, it would make it easier for them
to plan their cleaning to be more efficient and less disturbing for the employees.

Table 1: The different stakeholders who would have contact to the environment.

1Siemens Real Estate
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3.2 User stories
To determine and limit what the system should be able to do, user stories have been con-
structed within the environment the system belongs to, see table 2. A user story is based
on what a stakeholder may gain from using the system. A user story can e.g. follow the
following simple template, which is used in this project:

As a <type of user>, I want <some goal> so that <some reason>

- Cited from Mountain Goat Software [46]

In some user stories, the goal and the reason might imply itself or be the same. The structure
of user stories set-up is only used as guidelines.

Please notice, that the following user stories only are suggestions for possible use cases. They
may not all be implemented in the final solution.

1. As an Employee, I want to get a desk that is free.

2. As Cleaning staff, I want to know when an area is not occupied, so I can clean
more efficient.

3. As an SRE Employee, I want to make sure, that there is enough space by (a -
c) for my customer to keep them happy.

(a) See how many there are, in a given time period
(b) Find where there are seats for more
(c) Knowing which team is located where

4. As a Manager, I want to make sure, that there is enough ventilation so my
employees have optimal work environment.

5. As a Manager, I want to know which parts of the building is used the most to
optimize seating conditions in my team.

6. As an Employee, I want to login to the system, to find free seats.

7. As a Manager, I want login to the system to see statistics for a given area and
a given time period.

8. As a Cleaning staff, I want to login to the system, to see free areas.

9. As an Employee, I want to see all free desk to choose a good spot.

10. As an Employee, I want to reserve a seat for:

(a) An entire day
(b) Part of a day
(c) Another person

11. As an Employee, I want to look up another employee to find where they are
seated today.

12. As an Employee, I want to get guidings to find a person, by sending a location
request.
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13. As an Employee, I want to get guidings to find the nearest free seat.

14. As an Employee, I want to notify when I am going home so another can use
my seat when I am gone.

15. As an Employee, I want to book an area for other users so we can find an area
to work together.

16. As a Manager, I want to book an area for my entire team.

17. As an Employee, I want to choose one or more seats to book for later use.

18. As an Administrator, I want to create new seating areas.

19. As an Employee, I want to edit my own reservations.

20. As a Table / Seat I want to have a status as either occupied, free or reserved.

21. As an Employee, I want to have my mobile device turned on to notify the system
that my seat is occupied.

Table 2: User stories to define the system.

3.3 Functionalities based on user stories
From the user stories above, the functional requirements are determined by contracting those
user stories with similarities, in a single functionality. Some user stories may be in more than
one functionality, if it has different similarities with different user stories.
The list below in table 3, shows the different functionalities and which user stories they
cover.

• Register and locate persons within the building.
(User stories: 4, 21)

• Locate persons within range of a certain object or area.
(User stories: 20, 21).

• Extract statistics for registrations in the building.
(User stories: 2, 3(a-c), 5)

• View free seats.
(User stories: 1, 9, 13)

• Login authorization (differentiated access).
(User stories: 6, 7, 8)

• Reserve seats or areas or edit existing reservations.
(User stories: 10(a-c), 14, 15, 16, 17, 19)

• Get guidings to areas or persons.
(User stories: 11, 12, 13)

• Create new locations or edit existing.
(User stories: 18)

Table 3: User stories that fulfils the same purpose in the system are collected in groups.
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The functionalities are prioritised in three categories according to their importance for the
implementation of the system. The three categories are:

1 Main functionality. The system cannot work without it.

2 Main features. Supports main functionality.

3 Extra features. Nice to have, but the system can work without it.

In table 4 the functionalities are described in detail and are given a use case name. The
name of the use cases will reference to the same use cases throughout the project.

Functionality Priority Purpose Use Case

Register and locate
persons within the
building.

1

When a person enters an area, it
has to be registered that the
person has entered the area and
where in the area the person is
located.

• Register person

Locate persons
within range of a
certain object or
area.

1
The registered data from a person
are, if possible, linked together
with an object or an area.

• Assign person

Create new locations
or edit existing. 1

If the decor or functionality of an
area is changed, it is necessary to
adapt those changes in the system,
by editing the area or create a new.

• Configuration of
area

View free seats. 1

Show representation of all areas in
real-time, so a user can see free,
occupied and reserved seats and
thereby find a seat for the day.

• Show data

Extract statistics for
registrations in the
building.

2
Get daily statistics for areas. This
use case is a sub-use case for
Show data.

• Show statistics

Login authorization
(differentiated
access).

2

The access to the system is
hierarchically build so only the
administrator can edit and create
new areas. A manager can reserve
an area for his / her team. A
person / user can reserve a seat for
them self and see the current
amount of persons in the areas.

• Login

Reserve seats or
areas or edit existing
reservations.

3

A user can reserve a seat, a
manager can reserve one or more
seats or an entire area. A manager
can also edit or cancel an existing
reservation. Since areas and seats
are different subjects, this
functionality is split in to two use
cases. These use cases are
sub-use-cases for Login.

• Reserve a seat
• Reserve area

Get guidings to
areas or persons. 3

Help a person with guidings to
another person or a certain seat.
This functionality is split in to two
use cases.

• Find seat
• Find person

Table 4: Converting functionalities in to respective use cases, assigning priorities of the
functionalities for the system and describing the purpose.
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3.4 Use Cases
The use cases which were found in section 3.3 - Functionalities based on user stories are
used for describing the functionalities of the system. The use cases with the priority of 1
are collected with their main actor of the system and put in to a use case overview for the
entire system. This system overview can be found in figure 3.

Please notice that the role of the user can also be completed by the administrator, since the
system is based on hierarchically access.

Register person

Assign personConfiguration of area

Show data

System

Person

Administrator

Mobile device

Figure 3: Use cases with priority 1 in a system overview.
The symbol is the actor icon for another system or outside unit.

This is a non-human actor that is associated to the system.
In this use cases it is providing data to the system.
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3.4.1 Use Case descriptions

To know how the system is going to work in detail, the found use cases are being systemat-
ically described. For that purpose the “Fully-Dressed” Use Case Template is used [44].

Compared to the original use case description model template, The Owner category of the
use case has been removed, since there are only one employee / worker / student on this
project. Furthermore is the Priority category also removed from the template, since the
implemented use cases only covers the uses cases with priority 1 in table 4.

The use cases are Register person in table 5, Configuration of area in table 6, Show data in
table 7 and Assign person in table 8.

ID: UC 1.1
Title: Register person

Description: When a person enters within reach of a beacon, the application
starts (headless-mode) on the persons mobile device (e.g. smart-
phone) and there are searched for more beacons, in order to in-
crease the chance to get a more accurate position. After a time
period the collected data is stabilized (pick the median distance
for each beacon) and stored in the system. Data stored is, the
distance to each beacon and their respective beacon ID. In addi-
tion, a unique ID for the mobile device (hash MAC address for
the bluetooth chip of the devices ).

Primary Actor: Mobile device

Preconditions: The mobile device have found one or more beacons.

Post conditions: A person registration (Location, timestamp and unique ID) is
stored in the system database.

Main success
Scenario:

1. The mobile device registers a beacon nearby.
(It is possible to determine a position for the mobile device).
2. Waiting for a time period to try to find more beacons and have
a higher precision of those all ready found. (mobile device)
3. The mobile device sends the beacon-data to the system
database.

Extensions: 3.a It is not possible to connect to the system database.
- 3.a1 Beacon data is stored in the mobile device and when the
connection are reconnected, it tries to resend them.

Frequency of Use: Every 350ms (see section 4.4.1)
Every time a mobile device registers a beacon.

Status: Implemented

Table 5: Use Case description of how a person is registered in an area and provides data to
the system.
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ID: UC 2.1
Title: Configuration of area

Description: To configure an area (new or old), an area must be covered by
at least one beacon. There can be one to several beacons per
area. The number of beacons determines the precision of the area
definition.

Primary Actor: Administrator

Preconditions: Beacons are set up and are able to covering the area to be config-
ured.

Post conditions: Can register users and cover them in the new area.

Main success
Scenario:

1. First select a map which the area is placed in.
2. Select an area name.
3. Then select the area by adding the area beacons (beacon ID)
Beacon readings can now be linked to a given area.
4. Select an area by reading distance for all beacons within reach.
5. The position is determined to a sub-area (as a table or desk).

Extensions: 3.a There is only one beacon in the area.
- 3.a1 If there is only one physically beacon in the area, the
administrator is advised to attach an extra beacon to the area to
extend the precision of the position in the system.
- 3.a2 The administrator may choose to continue the set-up with
only one beacon, but can only register the users in an area and
not where in the area due to lack of precision. Proceed directly
to step 4.

4.a An area should cover a larger location.
- 4.a1 First select a corner of the area.
- 4.a2 Read distance to all area beacons for the first corner.
- 4.a3 Step 4.a2 repeated to all corners are read.

4.b If the category is not square but eg. a circle.
- 4.b1 There is formed a square area within the original framework
(eg. a circle) and continue as in Step 4.a.

5.a A sub-area should be within a known area.
- 5.a1 Select the area where the sub-area is located.
- 5.a2 Use the extensions for 4.a and follow the instruction for
the sub-area.

Frequency of Use: When the system must get a new area or it is necessary to update
an old.

Status: Partially implemented.
The main success scenario no. 5 and the extensions are not imple-
mented due to precision issues described in section 8.1.1 - Precision
test results.

Table 6: Use Case description of how to configure a new area with sub-categories such as
tables in the system.
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ID: UC 3.1
Title: Show data

Description: Displaying data for different scenarios e.g. how many people there
are in an area in a given time period or how many seats are oc-
cupied, by displaying it graphically on a drawing of the floor plan
of the building.

Primary Actor: Person

Preconditions: There are registered beacon-data in the database.

Post conditions: Amap with the found areas is displayed with the number of people
registered in the given period for each area.

Main success
Scenario:

1. Choose a location.
2. Show data for today, for the selected location.
3. The user change the parameters and the screen is updated.
4. The user is presented with a map with an overview of where
the selected location is displayed.
5. Screen automatically updates with new data (see frequency).

Extensions: 1.a No location is selected.
- 1.a1 There appears a default screen to the user, with further
instructions to the user.

5.a It is not possible to update with new data, due to the
connection of the database is interrupted.
- 5.a1 The newest status stays on screen and there will be a
message on top of the text:
"Can not update data, waiting for connection."

Frequency of Use: Update the current data for the user (proposal once per minute)
or whenever there is a change in the parameters of the screen.

Status: Partially implemented.
At main success scenario no. 1, the user have to select the param-
eter and update before any change is made.
At main success scenario no. 3, the automated update is replaced
with a button "Hent Data" that the user have to press to update
the data every time.

Table 7: Use Case description of how a user views data on a web-interface in the system.
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ID: UC 3.2
Title: Assign person

Description: Searched through data for binding beacon-data to one or more
areas.

Primary Actor: Administrator (through use case UC 3.1)

Preconditions: The database of the system holds Register person data

Post conditions: The system place the found persons on a map of a building or
floor plan.

Main success
Scenario:

1. The system finds all person registrations.
2. The person registrations are linked to areas based on which
beacons they have encountered and the distance to them.
3. The user registrations are linked to a sub-area such as a desk
or another object.

Extensions: 1.a No user registrations found.
- 1.a1 A message is displayed on the screen, saying:
"No data found. Please Try again."

2.a Person registrations exist, but not an area to link them
at.
- 2.a1 Data is stored in a log-file for detecting errors.

3.a Person registrations can not be located for a sub-area.
- 3.a1 The data is linked to the area only.

Frequency of Use: Everytime the use case US 3.1 Show data is executed.

Status: Partially implemented.
Main success scenario no. 3 only works for the areas. The exten-
sions are not implemented.

Table 8: Use Case description of how person registrations are located by linking them to an
area and / or a sub-area.
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3.5 Requirements
The requirements for the system are found from the analyses done on the user stories and
use cases. The list of functional and non-functional requirements can be seen below.

Functional requirements(FR):

• Register person
The system should be able to register movement of a person and store it for later use.

• Assign person
The movement of a person can be mount to a location or area. This is made with data
from the Register person.

• Configuration of area
The administrator can add more areas to the system and link these areas together with
a floor or a building.

• Show data
An interface or representation should be provided in order to link the data from Register
person together with an area in the building, e.g. a room.

• Show statistic
The statistics of the registrations in the system can be found for an area within a
certain time period.

• Login
The accessibility of the system is controlled by a login and is hierarchically structured.
This controls which parts of the system the user / person can access. An administrator
can edit the full system but the normal user can only see the current statistics and
reserve seats.

• Reserve a seat
A user / person should be able to reserve a seat in an area for a day or a part of a day.
It is not possible to reserve a seat for more than 1 day.

• Reserve area
A leader / manager should be able to reserve a defined area for his / her employees for
a day or part of a day, not more than 1 day.

• Assign seat
An area may contain several different objects. These can be assigned to an area and
can hold their own individual person-count.

• Assign person
When a person is registered, it should be possible to assign the data for the person
to one or more areas based on the data itself. This process should be automatically
within the system.

Non-functional requirements(NFR):

• The system have to benefit the user.
The users needs to have some features in return for them providing data to the system.
A feature can be that the users can reserve seats. That way the users want to use the
system because they benefits from it.
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• Non / low user interaction with the system.
The user should not have to do any thing when the system is collecting data. This
way the user deliver data without being annoyed or disturbed in the everyday life.

• Cross-Platform.
The system should work independent of what platform the users have. Therefore the
software, should work on an Iphone, Andriod or a PC(using the build in bluetooth in
the laptops).

• Low battery usages on clients mobile devices
The solution must use a minimum of power on the mobile devices for the users to
accept the system to be turned on constantly on their devices.

• Power-supply or long battery lifetime for transmitters.
The most transmitter or beacons models is battery driven either by a coin battery or
a standard battery(AA / AAA).
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4 Design
The most critically element of the system based on the analysis section is how to register a
person with high precision within a building. The precision of the technology chosen for the
system, is therefore a crucial factor for the system.

The first step in the design, is to compare the already chosen beacon technology with alter-
native technologies, to see weather the beacon is the optimal solution for this system.

Based on technology and the found use cases the system design can be put together. This
is done by designing each use case and design the interfaces between them. Further on, the
domain model and data model for the system can be created.

4.1 Comparing beacon with other technologies
There is a range of technologies for locating a person or an object, both indoor and out. To
make sure, that the beacon technology is the right for this project it is compared to other
technologies from the list below.

Please notice, that the precisions for the different listed technologies only are guidelines, be-
cause the precision depends on the receiving unit(e.g. smartphone or laptop), the conditions
in the building and where the test has been done.

• A-GPS (gsm-triangulation)

• iBeacon

• Standard GPS

• Triangulating with Wifi

4.1.1 GSM triangulation

A-GPS(Assisted-GPS) is the term used when a mobile device such as a smartphone uses
the gsm network to get the global position of the device itself. This is normally used for
tracking of the device or guiding as in a car navigation. Outdoor it works very well, but
for indoor positioning it can make disturbances in the precision, since the signal have to pas
through building materials such as concrete, granite or windows with metalized window film.

Study [53, in table 3] shows that when trying to locating a device using A-GPS within a
building, the average error on the tested devices was 15-16meter(motorola) and 8,78meter
(Sanyo).
Because this technology is based on out side antennas, it can not detect on which floor the
mobile device is located.

Pros:
+ No additional hardware has to be set up

within the building / area.

Cons:
- The signal is disturbed by going through

the building(reduced precision).
- The unit to be located needs to have a gsm-

antenna.
- May not work in a building with more than

one level.
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4.1.2 iBeacon

The iBeacon technology is based on bluetooth communication between devices. From the
beacon a signal is broadcasted and can be picked up by everybody. The data the beacon
broadcasts is (for the Standard beacon) only the distance to where the beacon signal is picked
up. This requires that the beacon module is set up within 70 meters of where it is going to
be used. Like the other technologies, this signal can be disturbed by building materials and
other units broadcasting on the 2.4GHz band.

It is hard to get a clean study on this technology. In one topic in a Q&A on accuracy of
iBeacon, a replier writes that:

For example at low power you could detect a threshold 30cm at +/- 5cm accuracy
after 10 seconds, and the signal could not be detected at 10m. If you go to full
power you could probably detect a 10m treshold +/- 50cm after about 10 seconds.
This signal could be detected at 50-70 but with huge fluctuations.

- Cited from Tim Baker [4]

Another source [9] writes that in a non-controlled environment(signal interference items in
the area, e.g. other 2.4GHz devices and radiation from screens) it is impossible to get the
distance error below 5 meters.

The third source is an article from the beacon producer, where they write:

On average, themeasurement error can be 20-30% of the actual distance.
You can increase signal reliability by increasing the Broadcasting Power and
lowering the Advertising Interval of a beacon.

- Cited from Wojtek Borowicz, Estimote, Inc. [7]

Pros:
+ Cost efficient hardware. The price begins

at kr. 20 [12] for the printed circuit
board and a out of the box model cost
around 89 Euro for a three pack [20].

Cons:
- Additional hardware needs to be installed

in the building / area.
- Requires that the blutooth is turned on,

but that only uses a small amount of
power(BLE v.4+)
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4.1.3 Standard GPS

A GPS(standard GPS) as known from car navigation, is based on satellite positioning. For
outdoor use or within a car, it is doing its job, but inside a building, the GPS may have
problems due to construction of the building and other obstacles for reading the signal from
the satellites.

Study [53, in table 3] shows that when trying to locating a device using standard GPS2

within a building, the average error on the tested devices was 9-11 meter(Garmin) and 5-10
meters (Juno).

Because this technology is based on satellites, it can not detect on which floor the mobile
device is located.

Pros:
+ No additional hardware needs to be added

to the building / area

Cons:
- Lowered precision when used indoor. [53,

comparing in table 2 and 3 af the
study.]

- The receiving device needs to have a GPS-
antenna installed. Not common in
smartphones or laptops.

- May not work in a building with more than
one level.

4.1.4 Triangulating with Wifi

Another method to locate devices indoor. Can be used with already existing wifi-equipment.
The technology is based on the strength of the signals to the client device. So like the bea-
con technology, a distance is received, given in signal strength to the wifi transmitter. It is
possible that the wifi transmitter is not installed in the same room, as the person receiving
the signal. Building materials and other obstacles can reduce and disturb the signals.

The precision of the triangulating with Wifi, is "relatively inaccurate (5-15m) compared to
BLE3/RFID" as an article [17] from infsoft blog describes.

Another source [45] writes that wifi triangulation can get an accuracy of less than half a
meter and there have been work done in the area to improve it even further.

Pros:
+ Most places has already installed several

wifi transmitters so it is not necessary
to install additional hardware.

Cons:
- This method requires that the device has

the wifi turned on, which may have a
great use of power

4.1.5 Technology summary

The technology chosen for this project is the beacon technology. From the comparison be-
tween the other technologies, it was confirmed, that it was the best choice because it is the
technology with the highest precision indoor and uses approximately the least amount af
power.
The other technologies have an approximately lower precision, higher use of power or ad-
ditional modules or antennas needs to be installed in the devices intended as clients, e.g.
laptops and smartphones.

2In the study the standard GPS is called Autonomous.
3BLE includes beacon technology
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4.2 System design
In order to describe, and thereby design the full system, all the use cases are explained with
the components / technologies, they are supposed to work with. This design will be the core
in the implementation.

4.2.1 Register person

As previously decided, the technology for locating a person indoor, is selected to be bea-
cons using the Apple native data format(description found in later section 4.4 - Technical
Details). The beacon technology is based on one-way communication. This means, that the
client can only receive the beacon-data and then have to send it to the system. Since the
client application is supposed to run on a number of platforms, due to the non-functional
requirements, the interface is standardized by using af REST web-service which interfaces
with the database of the system.

In order for the mobile device to send the collected beacon-data the mobile device needs an
application. This application is designed to be headless since no user interaction is required.

The set up for the components of the system for registering a person, can be seen in relation
to each other in figure 4.

DatabaseREST web-serviceMobile device
Beacon

Figure 4: The components of the system, used to register a person
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4.2.2 Assign person

An area is defined as a square with four corners (points). To know if a person is registered
for the area, it is necessary to know if the person is outside or within the square describing
the area.

In order to place the location of a person one needs to know the location of the person
relatively from the surroundings. This is typically done by having a distance and a direction
from a location of an already known item.

With the beacon technology there are only a distance read out without any specific direction.
So if you e.g. got 30 meters to a beacon, you do not know if you are north, east, south or
west of it. If one beacon is used to determine a registration-area (square) the system will
get false positives from areas not within the square, see figure 5. The only description that
can be made of the area is a minimum distance and a maximum distance, so a positive area
would be registered between those two distances.

Beacon 1

Figure 5: One beacon defining an area(blue) with false-positives area detection(yellow).

By using more beacons it is possible to get more information to find a more precise location
of the person, reducing the area for false positives.

With 2 or more beacons there are provided enough information for calculating the relation
of the points in the square to one another by using trigonemetry. The beacon 1 and 2 (see
figure 6) creates a triangle between the two beacons(line S) and one of the points in the
square (line B11 and line B21). This makes a triangle with 3 informations in form of the
three distances. Now all angles in the triangle can be found using the cosine relation. The
angel between B11 and S is calculated.

The next step is to calculate the angel between B12 and S using the three distances in the
square that is formed by line S, line B12 and line B22.

Then the angel between B11 and B12 is found, by subtracting the two previously found an-
gels. This angel is used to find the distance between P1 and P2 by using the sinus relation.
The rest of the distances between the corners in the area can be found likewise.

A challenge using this method, is that depending on were the beacons are placed in relation
to the area, it affects how to calculate the angel to use in the sinus relation to calculate the
distance. By looking at figure 6 it is seen, that the found angle between B12 and S have to
be subtracted from the angle between B11 and S in order to get the angle between B11 and
B12. But in other cases, the two angles have to be added together, an example of this is
shown in figure 7.
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However it is possible to get a false positive area by mirroring the area on the S line. To
remove the falls postives, 3 or more beacons are needed.

A full set of calculations for one square with two beacons can be found in appendix B.

Beacon 1

Beacon 2

P4 P3

P2P1

B
11 B12

B21

B22

S

Figure 6: Two beacons defining an area. P1 to P4 is the corner points. The lines are named
as Baecon<Beacon number><Point number>, so B12 is the first beacon and it goes to the
second point.

Beacon 1

Beacon 2

P4 P3

P2P1

B
11 B12

B21 B
22

S

Figure 7: An area defined by two beacons where the location of Beacon 2 is changed compared
to figure 6. This means that the two angels with Beacon 1 has to be added instead of
subtracted as for figure 6.

Why not triangulation? Triangulation as it is known from the car navigation system can not
be used for this project since no angels of the triangles are known. In this project only the
distances for part of the triangles are known and without the angles it is distance without
direction. The triangulation requires one known distance and two known angles for two cor-
ners in a triangle and can therefore not be used. But the calculation method described above
requires 4 known directions and a coherence between those 4 points, so by also measuring
the distance between the beacons, this method could work.

The method for calculating the size of the area is chosen to be the system based on using
one beacon, see figure 5, but the interface for the implemented solution is set up for the
two beacon model, see figure 6, so when the challenge with the calculations are solved, it is
simple to implement the solution in the final product.
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4.2.3 Configuration of area

When the persons are to be located by the system, it is done in different areas of the building.
To display these areas, maps of the buildings and floor plans are used. Since the data from
the beacons are in meters, and the maps are in pixels, a scale has to be made for the map,
before an area can be created.

To present data for the user, the data must be in relation to the real world. Therefore the
map, which is put in to the system, have to be put in to scale to get a meters pr. pixel count,
in order to place real world data on the map. This is done by having a fixed measuring stick
for scaling of the map itself, selecting a start and afterwords a finish point of the line, put
in the number of meters, this distance represent, and save it by storing it in the database.
Now the map is put in to scale. A mock-up screen for the map-calibration can be seen in
figure 9. Once the map is calibrated, this step is not necessary in order to put a new area
on the same map.

To create an area a map is selected. The map has to have a meter pr. pixels scale attached.
To create the new area, the start-coordinates of the area is selected based on a user-click on
the map and after that, all the beacons that is defining the area are selected. The area can
then get assigned a name.
The beacons has to reach the entire area for this to work. From each selected beacon, four
boxes, one for each corner appears and the distance readings of the beacons can be entered in
their respectively box. If there are more than one beacon, the distance between the different
beacons are put in as well. When all data is put in and saved, the area can be displayed in
the Show data use case. A mock-up screen for the area configuration is shown in figure 8.

Figure 8: A mock-up screen for the web
page used to configure an area on a map.

Figure 9: A mock-up screen for the configura-
tion page of the map.
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4.2.4 Show data

When the users have been registered the data have to be represented in a realistic context
so the user can benefit from it. To fulfil that purpose, the user can go to a website, choose
a time period and a location map and get the data by pressing the Get Data button.

The website interface consist of three zones, each with their own purpose. These zones are
the main structure for all the websites in the system.

The first zone is the navigation. It contains menus to switch around in different parts of the
system and a login form that can give an administrator access to more features.

The second zone is the individual website configurations. It is here the timespan and map
selection is done, in other words, all user inputs needed to show the wished data, is inserted
by the user here.

The third and last zone is used for displaying statistics and floor maps based on the users
input. A representation of the three zones can be found in figure 10.

In figure 11, a mock-up of the main screen with the three zones is shown. In zone 3 there are
also added a statistical graph of person registration in order to have the total person count
over a selected period.

Figure 10: The web-page model (black
frame) split into 3 zones. First is naviga-
tion zone (green), second is configuration
zone (blue) and last the output zone(red)

Figure 11: The Main screen the user will see.
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4.3 Interface design
To know how the system components should communicate with one another the interface
between them is defined. The full system run through with interface labels can be seen in
figure 12.

In the first of the use cases (Register person), the beacon sends a signal to the mobile device
with its bluetooth. This signal follow the patterns from the technology description in section
4.4 - Technical Details and the client have to receive that information. This depends on the
client hardware model and OS.
From the mobile device the data is passed along to a web-service, but the technology of the
web-service have to handle the data fast due to the amount of potential users contacting the
web-service at the same time.

Studies shows [34] [11] that if comparing the two big web-service technologies REST and
SOAP on performance, the REST technology on Android is better than SOAP, when talking
about speed. But the REST uses a little more memory on the Android device, around 10%
approximated 18KB more than SOAP when handling text. For audio and images memory
usages increases [34, figure 2].

By adding JSON to REST web-service instead of the XML(REST Standard), the speed can
be increased even further. By taking a look in table 9 at the results from the study [11]
it shows that an Android device using REST-JSON is 9 times faster than SOAP and more
than 6 times faster than REST-XML. For the Iphone 4S the REST-JSON is 30 times faster
than SOAP and more than 15 times faster than REST-XML.
The results shows that the speed depends on specific device model and OS. The first study
[34, figure 5 and 7] shows that when using a Windows Phone, the speed and memory usages
is the opposite compared to Android and Iphone, so SOAP is fastest but uses more memory
on af Windows Phone.
Due to speed, it is selected to use the REST-JSON for the web-service.

Device REST-JSON
(ms)

REST-XML
(ms)

SOAP
(ms)

REST-JSON
Faster than

SOAP
iPad 2 187 3301 5109 27x
iPhone 4S 320 4973 9694 30x
Samsung Galaxy S4 158 1019 1465 9x
iOS Simulator 151 585 462 3x

Table 9: The table shows the time in ms used for the three different technologies. The
Simulator is not commented since it is not a "real" mobile device. Table data copied from [11].

The communication from the web-service to the database is based on a native ODBC SQL
driver [36]. The system database is created in Mssql.

When a person uses a web browser looking for e.g. a free seat in the website(Use case Show
data), this is done on a web-server using the HTTP or HTTPS protocol. When collection
data for the website from the database, the ODBC SQL driver is used again.

Web-server

ODBC driver

Web browser

HTTP/SODBC driver

DatabaseREST web-service

HTTP POST
JSON

Mobile device

Ibeacon
signal

Beacon

Figure 12: Overview of system components with their selected interfaces attached.
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4.4 Technical Details
When a user receives data from a beacon (see table 10), it is in the iBeacon-format as
Apple inc.™ has defined. Another beacon formate is the version that Google ™ has made,
called Eddystone. The Eddystone formate [3] [6] offers four different modes, one of them is
Eddystone-TLM. Appart from the iBeacon data, the Eddystone-TLM broadcast information
about itself like battery voltages, room temperature and number of broadcast it made.
For the project is chosen to use the native iBeacon-format, since it gives the possibility to
select beacons from a wider Range of beacon products.

Data field Name Description Data format
Address The MAC adress of the bluetooth unit inside the

beacon.
String

CalibratedTxPower The power level of the signal used to calculate the
distance between the beacon and the client device.

Integer

ApproximateIos-
Range Range calculated for an IOS device

Provided by the client library used for the client.
Double

CompanyId Company identifier code.
For Apple company the code is 0x004C.

Integer

IsAppleIBeacon This datafield defines if the beacon signal comes
from an Apple product or not.

Boolean

Major The Major version of the beacon. Typically used
to define a group of beacons used for one system
or area.

Integer

Minor The Minor version of the beacon. This is the
identification number of the unit which makes it
unique.

Integer

Range The distance from the beacon to the client. Rep-
resented by decimal in meters between the units.

Double

Rssi An abbreviation of Received Signal Strength In-
dicator [39].

Integer

Uuid The highest version number of the broadcast num-
ber from the beacon. This is normally used as an
identifier for the company where the beacon is set
up.

String

Table 10: Data a beacon can deliver to the system [8] [40].

In addition, the client have to provide an identification in order to identify the users apart
and a timestamp for when the register has been created. This is defined in table 11.

Data field Name Description Data format
TimeStamp The date and time for, when the user has sent his

registration of beacons.
DateTime

ClientId In order to identify the users from each other, a
hash of the MAC address of the bluetooth, is used
as an identifier, in order to anonymize user data.

String

Table 11: Additional data added to a set of beacon data from table 10 to create a full person
registration.
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4.4.1 Frequency of collecting beacon-data

When collecting data from the beacon in order to get the user location, more than one bea-
con signals are needed. The more signals the higher precision it is possible to get.

Since beacons does not broadcast there signals at the same time, the system needs a times-
pan to register all possible beacons for one registration.
In that timespan the user has the possibility to move, and thereby move between the receiv-
ing beacon signals which creates uncertainty. Position-data is calculated from all signals as
if they all where registered simultaneously, so if a person moves during the timespan, some
of the data will place the person in one spot, and some in another spot which together will
give some uncertainty to the spot registered in the system. Therefore a maximum distance
the person can move within the timespan, so the uncertainty does not become too great, is
defined.

Studies [22] shows that the standard value for walking speed of a person is 1 meter/sec.
The beacons [19] used for this system can broadcast / advertise as fast at 20 times per sec-
ond. The default advertising is ones every 350ms so this is used as the worst-case scenario.

1 time

350 pr. ms
∗ 1000ms/sec = 2.85714285714 times pr. sec. ≈ 2.86 times pr. sec. (1)

1 meter pr. sec.

2.86 times pr. sec.
= 0.34965034965 meter ≈ 35.0 cm (2)

These calculations shows that in the worst-case scenario, a beacon can broadcast 2.86 times
pr. second (equation 1), and that means that the user can move a maximum of 35.0cm
between beacon signals received(equation 2).

The best-case scenario for the Beaconinside BEACON model is broadcasting every 50ms(it
will decrease battery lifetime) and that means it can broadcast 20 times a sec. This gives a
maximum moving distance between broadcast to be 5cm(equation 3).

1 meter pr. sec.

20 times pr. sec.
= 0, 05 meter ≈ 5.0 cm (3)

The results shows that the system will have higher precision by increasing with a broadcast
frequency to once pr. 50ms, but that will reduce the beacon battery life time.

In real world setup it is recommended [35] that the broadcast time is 100ms for scenarios
where people are tracked walking around stores with beacon. This results in a maximum
move distance approximately 10cm.

In the end, due to battery life time and because it is used for people sitting, it is chosen to
keep the broadcast rate to the default at 350ms.
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4.5 Domain model
In order to define the terms of data and their relationship, the domain model is drawn for
the system. Within the domain model is also defined the datatypes of the terms, which is
used for the final project. The domain model is based of the technical details of beacon and
the system design. The domain model can be found in figure 13.

The beacon-data consists of four identifiers (Uuid, Major, Minor and Address), the transmis-
sion setting (CalibratedTxPower, Rssi), the manufacture data (CompanyId, IsAppleIBeacon)
and the distance calculated for Apple and non-Apple devices (ApproximateIosRange, Range).
A detailed description can be found in table 10.

A Registration is an unique identifier of the client (ClientId) and a timestamp for the reg-
istration (TimeStamp). A Registration can contain one or more beacon-data based on how
many they have encountered in a given time interval.

Beacon-data
Address : String
CalibratedTxPower : Integer
ApproximateIosRange : Double
CompanyId : Integer
IsAppleIBeacon : Boolean
Major : Integer
Minor : Integer
Range : Double
Rssi : Integer
Uuid : String

Registation
TimeStamp : DateTime
ClientId : String

Area
AreaName : String
AreaMapName : String
StartPointX : Float
StartPointY : Float

MapConfiguration
AreaMapName : String
DimensionsOfMap : Float
StartX : Float
StartY : Float
SlutX : Float
SlutY : Float

AreaMapPoints
AreaId : Integer
Beacon-dataId : Integer
Point1 : Float
Point2 : Float
Point3 : Float
Point4 : Float

1..* 1 0..* 1 1..* 1

1..*

0..*

Figure 13: The domain model contains the terms of the project and the relationship between
them in the system context.

An area have a name (AreaName) and the name of the map it belongs to (AreaMapName).
Further more a set of start coordinates given in pixels, which is the start point of the area.
An area can hold from 0 to many registrations. Points (Point1 - Point4) defining the area
are added together with the area it belongs to (areaID) and which of the beacons the point
reading are provided from.

A map(MapConfiguration) can hold none to many areas. A map consist of a name(AreaMapName)
and a calibration of the map, which is a start(StartX, StartY), stop point (SlutX, SlutY)
and a real distance between the two points (DimensionsOfMap).
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5 Database
With the domain model, figure 13 and the technical details the database model, see figure
14, can be created. When a user is registered a record containing timestamp and unique ID
is stored with a list of beacon-data. This gives a relation between "beaconregistration" and
"beaconfound" as one beacon registration can have one to many "beaconfound".

The full database creation script with database-user and user rights automatic set-up can
be found in appendix C.

The table "beaconfound" in figure 14 should originally have been split up into two tables due
to normalization, but for keeping the figure more simple, it is chosen to have it in one.

A representation of the database fulfilling the normalization and a more consistent naming
can be found in appendix D.

Figure 14: The database model with datatypes nullalbe. Not-nullable data fields is marked
with bold text. Cardinality are 1 = 1..1, * = 0..1.
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6 Implementation
The implementation of the system components is where the design of the system is put into
reality. The goal is to explain and show methods library and implementation which have a
special influence for this project.

The following section is split up into sub-sections of each of the system components.

6.1 Beacon
In order for the user to be registered at a location they need to receive a beacon signal.

Figure 15: The Beaconinside BEACON model
used in the project. It is open to show the bat-
tery pack (grey) and the white printed circuit
board which is the beacon transmitter itself.

The beacons used in this project comes
from the company Beaconinside GmbH
[19] and they satisfies all the require-
ments for the project, see section 3.5
- Requirements. Especially the power
source since it both can run on batter-
ies and by power supply. Further more
this type of beacon also supports the
beacon standard format created by Ap-
ple and the Google framework for bea-
cons called Eddystone. A picture of
the beacon model can be seen in figure
15.

Since beacons are not locked to specific
platforms, this project started out by hav-
ing emulating a beacon transmitter running
Linux and having a bluetooth dongle ver-
sion 4.0 inserted. Later this was also implemented on a Raspberry Pi and another one-board
computer called Intel Edison. Installation guides for these set-ups can be found in appendix
E.
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6.2 Bluetooth client
For the users to store their registration-data in the system they need an application on their
mobile devices, used in their normal day of work. These devices can be either a smartphone
or a laptop. A requirement is that the mobile device must have a bluetooth hardware device
in the class of version 4.0 or higher.

This implementation is done for two device-types, an Android smartphone and a laptop
running Windows 7. The smartphone OS version is to be a minimum of Android version 4.3
Jelly Bean (API level 18) [18]. Both implementations are done in C# with the additional
help from third-party libraries. The first is used to serialize the data at the client to be
send to the web-service where it is de-serialized. It is done with the Json.NET library from
Newtonsoft [37] and is used in both clients, both Android and PC client. The rest of the
libraries are described in the sections about the client where they are used.

The client software of the system works in a certain pattern. The main functionality of the
client remains the same independently of platform(OS) or device. A full activity diagram [47]
of the main functionality is found in figure 16 and described below.

When starting the client, the client starts by creating an identifier for the user by getting
the MAC-address of Network card(PC client) or the bluetooth chip(Android client). This
MAC-address is hashed in order to anonymize the user. The hashed MAC-address is now
used as an unique identifier for this mobile device. All data send from this device will be
tacked with this unique ID.

The software now starts listening for beacons and at the same time create a time event
and the following processes happens simultaneously. When the software receives a beacon
signal, it stores it in a list and keeps receiving incoming beacon signals. The time event is
triggered one time every 350ms where it runs a sending procedure. The sending procedure
takes all the found beacon-data from the list, serialize them and tries sending them to the
REST web-service. If the sending succeeds, the list of beacons is reset and the system starts
searching for beacons again. This is a successful run-through of the main scenario of the
client.

If it fails to send the data, the list is kept and the system starts to search for new beacons
and just adding them to the same list. This way all the data would still be gathered and
resend when the connection is re-established.
An activity diagram of the full process for collecting and sending beacon data to the REST
web-service can be found in figure 16.
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Start

Get device
MAC
address

Hash found
MAC
address

Start listening
for beacons

Reciving beaconTime Event
350ms

[Already Known]

[Else]

Store the
recived
beacon

[No Beacons]

[Else]

Send the
recived
beacon

[Success]
[Faild]

Store
unsend

beacondata-
data for
later

End

Figure 16: The activity diagram describes how a client receives beacon signals repeatedly
and after a time trigger every 350ms sending data to a web-service. A successful passes
through of the activity diagram goes from start to finish, but the End-parameter runs back
to the "Start listening for beacons" in real scenario.
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6.2.1 PC Bluetooth Client

One type of client is created for a laptop in order to receive a beacon signal and afterwords
past these data to a REST web-service. The laptop client is programmed in C# and gives
the possibility to locate the position of the laptop, and thereby an approximately position
of the person using the laptop.

The application is supposed to be working on a laptop running Windows 7, which require
third party software to make it work. In Windows 10 the possibility of receiving bea-
con signals comes native within the software with the library BluetoothLEAdvertisement-
Watcher [32].

To receive beacon signals it is necessary to have two third party software components. The
first component is a C# library called WinBeacon [25].

To make the WinBeacon library work on Windows 7, the original bluetooth driver is replaced
with a generic USB driver(WinUSB driver) in order for the bluetooth device in the laptop
to register the incoming signals. This is done with the Zadig tool [5]. This way the interface
for the bluetooth module is standardized so the WinBeacon library can handle the incoming
bluetooth signals.

Since the client application is supposed to be headless, it is only supposed to show up as an
icon in the windows taskbar just left of the clock. But to show how it is working a console
screen shot from the implementation is shown in figure 17.

Figure 17: A screen-shot of the console running the PC client software.

A disadvantage for this set-up is that the originally bluetooth driver for the computer have
to be overwrited with a standardized USB-driver in order to fetch the incoming beacon
signals. This means that the user can not use the internal bluetooth module as normal, such
as wireless headphones or a computer mouse using wireless bluetooth communication. This
can either be solved by adding a bluetooth USB dongle such as the Asus Bluetooth 4.0 USB
Adapter [27] or use a Windows 10 OS where this functionality can be accessed in the already
existing bluetooth driver.
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6.2.2 Andriod Bluetooth Client

To create an application users have on there phone, the Xamarin Project [33] from Xamarin
Inc. is used. This gives the benefit of using the same C# code for the main functionality
since Xamarin writes its Android applications in C#. It should also give the possibility of
creating Iphone apps from the same C# code if that is needed.

The project is based on the Android iBeacon App - FindTheMonkey [23] for setting up the
bluetooth beacon receiver and the screen layout part of the project. The 4 main screens of
the Android client application can be found below in figure 18, but is only for explaining
how the application works. It will not be in a real world application, since its is suppose to
be headless. The 4 screens shows the main step of the client states as shown in figure 18.
The first screen displays the found beacon data and if the device has any un-send records.
The second screen (green) displays when the mobile device is sending data to the REST
web-service. If there is any un-send beacon-data the third screen (purple) is displayed when
it is trying to resend the un-send data. If an error occurs a red screen will show the error to
the user.

In order for the Android app to work with the main functionality as intended, the user have
to accept the app getting access to different parts of the smartphone. The list and reasons
can be found in table 12.

Android Permission name Description
BLUETOOTH This permission is required to access and use the functionality

of the bluetooth module on the Android phone.
BLUETOOTH_ADMIN Needed for the application to discovery devices (find beacon)

and modify the bluetooth settings from within the application.
INTERNET Let the application gain access to the internet. This is needed

in order to send beacon-data to the web-service from the client.
READ_PHONE_STATE Make it possible to read the states of the Android phone.

Table 12: In the table is listed the Android permission needed to have the Android client
application working as intended.

A disadvantage may be that the Android smartphone needs to have turned on bluetooth all
the time and have an application running constantly in the background too. This may drain
the battery more than with normal use. How great the disadvantage might be, is tested in
the section 7.3.2 - Battery test.
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(a) Screen display found beacon
and smartphone data. (from
top to button) Smartphone
MAC, Smartphone Hash MAC,
BeaconUUID, Beacon Major
no. and Beacon Minor no.

(b) Sceen display when the col-
lectet beacon-data is send to the
REST web-service to store data.
Screen text saying "Sending the
JSON Data".

(c) Sceen display when there
are unsend beacon-data and the
application is trying to re-send
them to the REST web-service
for storage. Screen text saying
"Sending unsend JSONData 0
of 1".

(d) When the system get an er-
ror on client-side, it is displayed
on a red screen with the error.
In this case the connection is
lost to the server(REST web-
service).

Figure 18: Screen-shots of the client application running on Android phone.

Page 37 of 94



iBeacons application in the reg. and processing of user data
Master Thesis 29/08-2016

Technical University of Denmark
DTU Compute

6.3 REST web-service to database
The REST web-service is, as mentioned earlier, the universal interface to the database for
the client. The web-service is based on the visual stuido, WCF4 framework and used to
build, configure and deploy network applications and services. [29]

A full circle run for the web-service starts with a mobile device wants to store its beacon-
data. The client wraps the data in to JSON and then serializes it using the library Json.NET
from Newtonsoft for higher performance [38]. The client then send the serialized JSON via
a HTTP-post request where it is send to the REST web-service interface called "mobilereg-
isteration".

When arriving at the REST web-service the data is de-serialized and from the REST web-
service the data is stored in the database. When a user wants a representation of the data
via a web-browser, the web page gets the data directly from the database. All database
handling is done with the native SQL library for visual studio.

A figure with the full circle of data from the client to the REST web-service can be seen in
figure 19.

Serialize data
send POST to "mobilereg-
isteration" REST method

Deserialize
data

Mobile device DatabaseREST web-service

Client mobile device REST web-service

Figure 19: Transaction of beacon-data between the client(mobile device) and REST web-
service with serialization and de-serialization of data.

4WCF is short for Windows Communication Foundation.
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6.4 Show data - web-interface
The collected data is presented to the user in a web-browser in order to have universal access.
This means that no additional software has to be installed. The web-interface is based on
Visual Studio MVC model.

The MVC model provides three layers of data handling for each page as listed below. A
representation of this can be found in figure 20.

• The first layer is the website itself based on HTML, CSS and JavaScript. It is these
technologies that allow for validation of the content of the page and other things such
as generating additional text-boxes on the page.

• The second part is the control layer where C#-functions are enabled to handle and
manipulate code. The C# code is called either when the page is loaded or when a
submit is called from the page and enable the C# code behind.

• The third layer called *.aspx.design.cs is a visual representation generated based on
the default.aspx.

Default.aspx Web User Control.aspx.cs
Web User Control class-
file *.aspx.designer.cs

Database

Figure 20: A graphical representation af the cohering between the files, that altogether
generates the look and functionality of the webpage using the MVC-model.

But how does a full run-through of the implemented system actually works? The run-through
is divided into the three subsections the web interface consists of, Configure Map, Configure
Area and Display Data.

Configure Map .
As mentioned in section 4.2.3 - Configuration of area, a map needs to be put in to scale
by creating a relation between meters and pixels. This is done by selecting the map,
click at the beginning of the scale meter, typically marked with a zero, and then click
at the end of the scale meter. Both times a message box is displayed asking the user
if the selected point is correct. Now the real distance in meters has to be written in
the text-box and the configuration is completed by clicking the button "Gem Område".
The implementation is seen in figure 21.

Configure Area .
When the scaling of the map is completed, it is possible to configure an area on that
map. This is done by first selecting the map and if the scaling exist, it will appear on
the right side of the map selection. Now the user click on the map in the bottom of
the screen where the top left corner of the area, approximately should be. The result
is added as X and Y coordinates in pixels in the interface. The user now select one
or more beacons and inserts the distances for each corner of the area. The distances
are measured with a client application made for administrators which is not designed
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nor implemented. Alternatively there are some already existing Android apps which
can give distance readings to beacons [15]. Finally to create the area with the set
configuration, the button "Gem Område" is clicked. The webpage set-up can be seen
in figure 22.

Display Data .
When the user want to display data e.g. show statistics for an area, the Display Data
page is selected. Here the user have to put in, in which period of time he / she want to se
data from. These periods are given in hole days. Then the user have 2 choices, either
to see all collected registrations(one user can have hundreds) or only the individual
records. At last the user have to select if he / she want to se registration statistics for
all areas or just for the map chosen. To get the data the user have to press the "Hent
Data" button. The output of the data request is now showed on a floor plan in the
lower part of the webpage. The areas are marked with green and holding a name and
afterwords a count of registrations or individual persons in the area for the given day.
This can be seen in figure 23.

Please notice that in the three figures 21, 22 and 23 of the web-interface there can be seen
a login form. The login functionality is not implemented in the system.

One of the challenges that have not been resolved is that the scaling of the various floor-plan
maps are used in the interface as it can be seen in figure 23. This means that the user must
scroll around in the web browser and have a hard time navigation the interface.
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Figure 21: A screen shot of the webpage where a map defined in pixels are put in to scale
with the metric system of the real world. The figure fulfils the zone set-up as shown in figure
9.
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Figure 22: A screenshot of webpage called display data from the Configuration of area use
case. In the web-interface is displayed how to select a floor plan from the drop down menu
and afterwords add all the beacons which can be reached in the area. The figure fulfils the
zone set-up as shown in figure 8.
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Figure 23: A screenshot of webpage called display data from the show data use case. It
is possible to insert the data for the period in which data to display, say if one will see all
records or only the individual users and whether to display individual statistics for each area.
The magnification shows an area named Hotdesk 2 where there have been a maximum of two
persons for the displayed time. The statistics for the area is shown in the light blue diagram
above the floor plan, to the right. The figure fulfils the zone set-up as shown in figure 11.
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7 Test
In order to confirm that the system works as designed and fulfil the functional and non-
functional requirements, a test plan is needed. All the functional and non-functional re-
quirements are listed in section 3.5 - Requirements. Some of the requirements has to be
technical tested in order to verify if they are fulfilled. This section is about these technical
tests. The list of requirements to be tested and a description can be found in table 13.

Functional and
Non-functional
requirements

Test Description Test name

All implemented
functional requirements To make sure that the product is fully imple-

mented an acceptance test is made.
Acceptance test

Assign Person (FR) One of the core functionalities of the system is
that the precision of the registered persons is
high enough to place a person within an area.

Precision of beacon
registrations
(System test)

Low battery usages on
client mobile devices
(NFR)

For the system to be a success the mobile de-
vice of the user should have a low battery us-
age and thereby not disturb the normal be-
haviour of the user. The test is split up into a
test of the client application itself and the bat-
tery usage of the device having the bluetooth
module turned in constantly.

Battery test
(System test)

Table 13: Requirements to be tested with a test name and type.
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7.1 Test Area
The tests are made in an office area, which contains some of the objects that might interfere
with the system and objects that one could expect to find in an office, where the system are
planned to be used. It could e.g. be large plants, computer monitors, and passing co-workers.

In the test area three beacons are set up, that allows the user to get information of the
distance between the mobile device and each beacon. To emulate a person using a mobile
device, the testing mobile device is placed on a stool at 0,79 meter which are approximately
the same hight as the pockets on a person.

A floor plan with the location of the mobile device tested and the distance to each beacon
from the device can be seen in figure 24. The distances are measured with a laser for precision
referencing,

Start

3,838 m.
6,208 m.

12,6
79

m.

Beacon 215

Beacon 222

Beacon 249

Figure 24: Floor plan overview with marking of the position of the mobile device and the
distances to the three beacons. The mobile device is marked with a black spot in the red
rectangle. The three beacons are marked with a coloured spot and their beacon minor
number.
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There are provided two pictures of the area witch shows all the office equipment within
the test area. The beacon model, see figure 15, is white and can be difficult to see in the
photographs. The pictures of the test area can be found in figure 25 and 26.

222

215

Test Platform

Figure 25: Picture of part of the test area showing the position of the stool holding the
mobile device and the positions of the two beacons 215 and 222.

249

Test Platform

Figure 26: Picture of part of the test area showing the location of beacon 249. In the
background the stool holding the mobile device can be seen.
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7.2 Acceptance test
This test have the purpose of verifying that the system is correctly implemented according
to the project use case descriptions. The acceptance tests are created as black-box tests and
the expected outcome of these tests are based on the individual use case description status.
E.g. if the status state that extension 1.a. is not implemented, this is the expected outcome
of the test.

7.2.1 Simulation of the Acceptance test

In order to make this acceptance test, a test simulation program was programmed to remove
the possible uncertainties, which can come when collecting beacon-data. In the simulation
can be listed several persons, each person consists of name(used to make a unique user ID
by hashing), if the person is going to lunch and which work area they stay in when working.
Each person consists of an arrival time (random time between 07:00 to 10:59) and a leave
time (random time between 14:00 to 18:59) for the work day. They have also marked if they
are going to lunch for approximately half an hour or not. The work area consists of a pre-set
of beacons defining the area.

The element of random time for the arrival, the leave and the lunch time is chosen to give a
more realistic readout in the web-interface.

When running the simulation, all the simulated persons are generated and send to the Rest
web-service as they where real incoming beacon registrations from mobile devices. This way
a day of data can be generated for several persons in a couple of minutes and not a full days
times of work. A graphical presentation of the simulation can be seen in figure 27.

Name : String
Going to Lunch : Boolean
Work Area : String

Arrival time (randomized
between 07:00 to 10:59)
Lunch time (randomized
between 11:00 to 13:59)
Leave time (randomized
between 14:00 to 18:59)

REST web-service

HTTP POST JSON

Figure 27: An overview of how a simulated person is structured data-wise and afterwords
all the person data are serialized and send to the REST web-service to put them in to the
system.
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7.2.2 Acceptance test result

The main success scenario of all the use case descriptions has been tested with the described
black-box method, they are listed in appendix F, and do all work as expected. Hereafter are
all the extensions for each use case tested and listed below.

Further more the black-box test for UC1.1 is split up into two separate black-box tests, one
for each implemented type of client. The extension black-box tests of the clients can be
found in table 14 and 15. Note that is was found that the PC client was not stable through
this test and may need to have a bug fix.
The black-box test for UC2.1 - Configuration of area is found in table 16, the black-box test
for UC3.1 - Show Data is found in table 17 and the black-box test for UC3.2 - Assign Person
is found in table 18.

Black-box for UC1.1 - Andriod implementation
Extensions Expected outcome Real outcome
3.a It is not possible
to connect to the
system database.

- 3.a1 Beacon-data is stored in the mobile de-
vice and when the connection are reconnected,
it tries to resend them.

As Expected.

Table 14: Black-box test for UC1.1 extension - Android client.

Black-box for UC1.1 - PC implementation
Extensions Expected outcome Real outcome
3.a It is not possible
to connect to the
system database.

- 3.a1 Beacon-data is stored in the mobile de-
vice and when the connection are reconnected,
it tries to resend them.

As Expected,
but not fully
stable.

Table 15: Black-box test for UC1.1 extension - PC client.
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Black-box for UC2.1
Extensions Expected outcome Real outcome
3.a There is only
one beacon in the
area.

- 3.a1 If there is only one physically beacon
in the area, the administrator is advised to
attach an extra beacon to the area to extend
the precision of the position in the system.

As Expected

- 3.a2 The user may choose to continue the set-
up with only one beacon, but can only register
the users in an area and not where in the area
due to lack of precision. Proceed directly to
step 4.

As Expected

4.a An area should
cover a larger loca-
tion.

- 4.a1 First select a corner of the area. As Expected

- 4.a2 Read distance to all area beacon for the
first corner.

As Expected

- 4.a3 Step 4.a2 is repeated to all corners are
read.

As Expected

4.b If the area is not
square but eg. a
circle.

- 4.b1 There is formed a square area within
the original framework (eg. a circle)

As Expected

5.a A sub-area
should be within a
known area.

- 5.a1 Select the area where the sub-area is
located.

As Expected.
Not imple-
mented

- 5.a2 Use the extensions for 4.a and follow the
instruction for the sub-area.

As Expected.
Not imple-
mented

Table 16: Black-box test for UC2.1 extension - Configuration of area.

Black-box for UC3.1
Extensions Expected outcome Real outcome
1.a There is no lo-
cation selected.

- 1.a1 There appears a default screen to the
user, with further instructions to the user.

As Expected.
Not imple-
mented

5.a If it is not pos-
sible to update with
new data, due to
the connection of
the database is in-
terrupted.

- 5.a1 The newest status stays on screen and
there will be a message on top of the text:
"Can not update data, waiting for con-
nection."

As Expected.
Not imple-
mented

Table 17: Black-box test for UC3.1 extension - Show data.
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Black-box for UC3.2
Extensions Expected outcome Real outcome
1.a No user regis-
trations found.

- 1.a1 A message is displayed on the screen,
saying:
"No data found. Please Try again."

As Expected.
Not imple-
mented

2.a Person registra-
tions exist, but not
an area to link them
at.

- 2.a1 Data is stored in a log-file for detecting
errors.

As Expected.
Not imple-
mented

3.a Person registra-
tions can not be
located for a sub-
area.

- 3.a1 The data is linked to the area only. As Expected.
Not imple-
mented

Table 18: Black-box test for UC3.2 extension - Assign person.
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7.3 System test
To test the precision of the beacon registrations and the power usages of the battery from
the application and bluetooth module, a range of mobile devices was set-up in different parts
of the office environment. The full descriptions of the test area / environment can be found
in section 7.1 - Test Area.

There are used four different mobile devices and a laptop with two different bluetooth chips,
to test if there is any difference between models such as speed or precision.

With each of the mobile devices there are also provided a battery consumption test, to see
how much power it took from the mobile device when having bluetooth turned on all the
time, together with the client application that sends the beacon-data from the client to the
back-end of the system.

The test smartphone devices are:

• Samsung Galaxy Xcover 3 [43]

• Samsung Galaxy S5 [41]

• Samsung Galaxy S6 Edge [42]

• Huawei P8 Lite [24]

The test Laptop devices are:

• Fujitsu FJNB23F [16] with the on-board bluetooth module

• Fujitsu FJNB23F [16] with the ASUS USB-BT400 [27]

Page 51 of 94



iBeacons application in the reg. and processing of user data
Master Thesis 29/08-2016

Technical University of Denmark
DTU Compute

7.3.1 Precision of beacon registrations

To test the precision for distance between the mobile device and the beacons, the mobile
device is fixed to a location and have three beacons within range as described in section 7.1
- Test Area.
The mobile device starts registering the incoming beacon-data and store them. This goes on
in a fixed period of 5 minutes but in order to have the full 5 minutes records, the recording
of data is up to 6 minutes. Afterwards the distance from the mobile device to each beacon
is measured with a laser-ruler called Bosch PLR 15 [21].
An example of the test results for one of the devices(the Samsung Xcover 3) can be seen
in figure 28. In table 19 the minimum, average and maximum measured distances to the
beacons are listed with the percentage error of the deviation to the reference distance.
Test results for all the devices and the calculations of errors to the minimum, average and
maximum distance, can be seen in appendix G.

The test showed that nearly all registrations shows the devices to be closer to the beacons
than they actually were. The results are further discussed in section 8.1 - Test results.
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Samsung Xcover 3 - Precision test
Beacon 215

Control 215 - 3,833 meter
Beacon 222

Control 222 - 6,208 meter
249

Control 249 - 12,679 meter

Figure 28: Show the beacon readings over time done for the Samsung Xcover 3 smartphone.
The data-line and an actual distance-line(control) are showed for each beacon

Error statictis for Samsung Xcover 3
Beacon Number min distance

%-error
avg distance
%-error

max distance
%-error

References
Distance

215 1,39m
-63,73%

1,55m
-59,68%

1,91m
-50,33%

3,83m

222 2,87m
-53,82%

3,53m
-43,08%

6,19m
-0,27%

6,21m

249 4,25m
-66,51%

5,22m
-58,80

6,19m
-51,17%

12,68m

Table 19: Table overview showing the minimum, the average and the maximum distance
measured for the three beacons. The %-error beneath the distances is the percentage of the
deviation to the reference distance. Please notice that the results have been shorten to a
two decimal number.
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7.3.2 Battery test

To test the battery usages of the client mobile Android application, was used a battery test-
ing and preserving app from GSam Labs, called GSam Battery Monitor [28].

The purpose of the test of the battery is to determine if one of the non-functional require-
ments withstands its goal. To do that, the power-usages of battery by the application must
be at a minimum in order not to give the users frustrations by having to charge their mobile
devices more than normally or otherwise change their behaviour.

The test of the client application itself can be seen in appendix I. There seems to be some
coding errors since it was not possible to make a battery test of the app itself due to error
messages from the OS itself stating that something is wrong with the application(Unusually
large amount of battery power - 2,36% battery power). The client application was not fur-
ther tested. Instead the battery usage of the bluetooth was tested because the bluetooth
needs to be turned on for the application to work.

The test method is not scientifically accurate but does give guidelines for the battery usage of
the bluetooth module, if it is turned on constantly. Since the battery usage is represented in
percentage of the total battery usage for the devices, the comparison is done between other
components essential for the devices usage and for how long it is used. A good comparison
with the bluetooth module could be the phone radio (antenna module) because it is turned
on constantly for the device to work.

The test are done for several devices since there have been problems between the different
OS of the devices. Test results can be seen in table 20.

Mobile device Andriod
Version

Blue-
tooth
version

Screen Phone
Radio

Held
Awake

Blue-
tooth

Samsung Galaxy
Xcover 3 5.1.1 4.0 28 %

(00:27:21)
15 %

(05:28:34)
3 %

(03:24:20)
1 %

(05:28:34)
Samsung Galaxy
S5 6.0.1 4.0 47 %

(00:20:21)
13 %

(03:33:32)
0 %

(00:02:21)
3 %

(03:33:24)
Samsung Galaxy
S6 Edge 6.0.1 4.1 44 %

(00:20:28)
18 %

(01:48:27)
1 %

(00:17:46)
1 %

(01:00:54)

Huawei P8 Lite 5.0.1 4.0 95 %
(01:17:20)

3 %
(01:17:20)

0 %
(00:00:00)

0 %
(01:17:20)

Table 20: Battery usage for the client beacon finder application for Android.
The screen-shots of the test data shown in this table, can be found in appendix H.

Looking at the results in table 20, for the Xcover 3 mobile device, it took 28% of the total
battery usage to have the screen turned on for 27 minutes, but only 1% to have the bluetooth
on for 5,5 hours. Looking at modules running full time on the device, the Phone Radio takes
15% for the same time period where the bluetooth module only uses 1%. For the Xcover 3
device, it would not affect the battery usage enough for the user to notice, if the bluetooth
module were turned on constantly. The same pattern can be seen for the other tested mobile
devices.
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8 Discussion
In the following section there will be discussed different aspects of the project. It is e.g.
the privacy of the users of the system, how the system is analysed to be an how it was
implemented and if the test results fulfil the system requirements.

8.1 Test results
There were made two tests. The first acceptance test was made to see if all the use cases
were implemented correctly. The acceptance test showed that all the use cases implemented
worked as intended, but the use cases were not fully implemented. This means that the
system can be used for demonstration of the project but requires additional work to function
in production.

The second test is a system test. Here is the goal to test the precision of the distance between
the mobile device and the beacons and the battery usage of the client mobile device. The
Battery test itself is discussed previously in section 7.3.2 - Battery test.

8.1.1 Precision test results

When the precision was tested the results showed(see appendix G) in nearly all the records
that the mobile device calculated itself to be closer to the beacons than it actually where.
Nearly all the results, except a few spikes, is approximately 50-60% off e.g. if the beacon is
10 meters away, the mobile device will state that there is 4-5 meters to the beacon.

A reason for this could be that the system set-up was made in an area with great possibility
of signal interference. The signal interference comes from other electronics there is trans-
mitting at 2.4GHz at the same time such as wireless mice, keyboards and headsets. The
interfering may also come from the building materials used in the structure of the building,
such as concrete, plaster and metal [26].

An interesting point to notice, is that the interference would delay the transmitting time
and thereby making the beacon appear further away, but the tests showed the opposite.
Maybe it is due to false positives from other transmitting devices or the client registering
two beacon signals at the same time which will corrupt the data.

To look at another source of interference, a wifi scan was made and the results can be seen
in figure 29.
The wifi scan shows that there is a great amount of wireless access points within the test
area, all equally spaced over the wifi channels. This means that some of the interference
have a valid possibility of coming from the wireless networks placed around the test area.
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Figure 29: A wifi analysis for the amount of wifi spots in the test area. The analysis is done
with an application [14] installed on the test mobile device Samsung XCover3.

The results from the precision tests were not totally unexpected. Half way through the
project other colleagues were contacted to discuss ideas and concepts of the project. A Ger-
man colleague, who has worked with the beacon technology for a long period of time, said
that the wanted precision for the project could not be obtained with the beacon technology
and later stated that it might be possible to obtain a higher precision with other technologies
in the future, such as geomagnetic fields and similar or improved wifi triangulation.

At the same time the first sign showing that the beacon technology did not have the wished
accuracy was discovered with the self-created beacons described in appendix E.

8.1.2 Speed test - incomplete

During the tests, it was found that several of the client devices could register what seems to
be the same beacon more than once within the 350ms. To test this, it was tried to sample
and send beacon-data as it come in, e.g. a soon as one beacon was registered it was send to
the database.

The attempt to create this kind of test failed since it was possible for only one client to
overload the database by making the REST web-service lock its database users out of the
database. To make the system run again, the users of the database have to be un-blocked.

After the attempt it was decided not to make more tests in this manner.
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8.2 Competitor analysis
Does this system already exists? By looking at other companies it was found that they
offered parts of the same functionalities, but not an of the shelf product or with easy imple-
mentation possibilities.

There was found a product that uses the same technology and which came close to having
the same functionalities as this project product. The possible competitor product is made
by the company called Estimote [13] where the functionality is incorporated in there own
SDK.
In order to get the equal functionality between this project product and the one from Es-
timote there are still need for some programming with their SDK, but the accuracy of the
user location come preconfigured.
A full configuration can be seen on a video [52]. Pictures from the configuration video can
be seen in figure 30 and 31.

Figure 30: The configuration starts by plac-
ing a mobile device next to one of the beacons
in the area to confirm the location.

Figure 31: Photo of the Estimote test area
where the configuration person walks along
the walls of the room. When meating a setup
beacon it is registered as described in figure
30.

The major difference between this project and Estimote is the way the configuration of an
area is handled. Estimote want the user(or developer) to move a device along all the walls
/ boarders of the area, in order to define an area. This can be difficult due to equipment or
furnitures on the lines. After the configuration a code snip is generated and can afterwords
be put in to the code where the area data is defined to register the area in a system.
In this project an area is defined by only 4 points which makes the configuration seem more
simple. Further more the Estimote SDK is limited to only receive and use beacon signals
from Estimote products, where in this project product all beacon types can be used.

To sum up, the Estimote product requires a programmer to register areas and is only com-
patible with other Estimote products.
In this project product, it requires only a minimum of technical knowledge to configure new
areas and all brands of beacon products can be used.
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8.3 Privacy of the user
One of the goals in the project was to keep track of how many people there are within an
area of a building without being able to track individual persons specifically. To do this, the
data needs to be anonimized, but is that enough?

It could be easy for a manager just to find out where one of his / her employees normally
will be seated in one of the hotdesk areas and afterwords just consult the system to find out
weather the person went home earlier than the time-registration said. This scenario will not
be possible since the web-interface does not provide any unique user IDs but only a person
count for each area.

If this was the goal for the manager to locate the registration for one of his / her employees
he / she needs access directly to the system database to get hold on this information. Af-
terwords these found data has to be associated with the beacon numbers from the working
area of the employee.

There is a greater risk for this scenario to be a reality, the manager could use the surveil-
lance cameras which often are set up around the building to catch unwanted activities(e.g.
burglars or vandalism).

But since the system technically is supervising / surveillance the person who uses it, it must
comply the danish low of Personal Data Protection Act5

This project is not the first of it’s kind. In January 2016 the Daily Telegraph in Britain had a
similar system installed under the desks of the employees without telling them before hand.
The management said that the boxes were installed to monitor building heating systems.
The boxes has monitoring and temperature sensors and can be linked wirelessly to e.g. HR
so they can see weather the desk is occupied or not. The system was removed shortly after
due to a storm of protest from the employees.
This is just one story, the article mentions other stories about other products to monitoring
employees [49]. This story illustrates the importance of having the employees supporting and
understanding the reasons and benefits of these kinds of monitoring systems before installing
them.

5In danish "Persondataloven".
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8.4 Requirements fulfilled
In order to verify that all the requirements are fulfilled, a check-list are made for both func-
tional and non-functional requirements, see table 21 and 22.

Functional Requirements (FR)
FR Is FR fulfilled?
Register person Yes, this is implemented and fully tested in the acceptance test.
Assign person Yes, implemented and tested. But not fully implemented as de-

scribed in section 7.2 - Acceptance test. It was not possible to
locate a person at an object, due to precision errors between client
and beacons.

Configuration of area Yes, implemented and tested. However there are still some bugs
in the functionality and the graphical representation.

Show data Yes, implemented and tested. But locating a person at a desk was
not technically possible, so the graphical representation of which
desks are occupied does therefore not work.

Show statistic Yes, is implemented with the show data functionality.

Login No, this part is not implemented.

Reserve a seat No, this part is not implemented.

Reserve area No, this part is not implemented.

Assign seat No, this part is not implemented.

Assign person No, this part is not implemented.

Table 21: A check-list showing if the functional requirements are fulfilled.
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Non-Functional Requirements (NFR)
NFR Is NFR fulfilled?
The system have to bene-
fit the user

No, some essential FR are not implemented and the system is
not currently linked to any context systems such as ventilation or
heating.
The most essential function that would benefit the user, would be
to reserve a seat, an as long as this function is not implemented,
this NFR can not be considered fulfilled.

Non / low user interaction
with the system

Partially, the system clients runs without any user-interaction ex-
cept for a manual start-up. However the headless version of the
client application is not implemented so the user can be bothered
by the debug screens on the mobile device.

Cross-Platform Yes, by selecting the Xamarin platform for programming the sys-
tem, all the client code only have to be programmed once and then
transferred to each different client without having to re-write pro-
gram code. The client code can be re-used, but additional project
set-up might be needed when making a client for a new platform
e.g. screen and device set-up.

Low battery usages on
clients mobile devices

Yes, it was fully tested that the bluetooth module had a low im-
pact on the battery when it was constantly turned on. The client
application itself had some bugs that used more battery than nor-
mal. If this is fixed it is assumed, that the battery usage of the
client application will fulfil the requirement of low battery usage
too.

Power-supply or long bat-
tery lifetime for transmit-
ters

Yes, by the selection of the Beaconinside BEACON model dis-
cussed in section 6.1 - Beacon, the requirements of having the
possibility of a long battery lifetime and a additional power-source
is fulfilled.

Table 22: A check-list showing if the non-functional requirements are fulfilled.
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9 Future Work
After the project has been handed in there is still a lot of improvements and new initiatives
that could make the product better and reach the final goal of being able to register, locate
and make statistics for the persons in the free seats area in order to get the rest of the
functionalities as reserve an area and book an area for employees.

In the list below in table 23, it can be found what needs to be improved.

• Stabilize REST web-service
During the test, it was found that the REST web-service receiving the client data was
unstable and could be overloaded by sending to many request to it at the same time.

• Optimize database
The current database implemented do not fulfil the rules of database normalization.
This can be solved by implementing the database structure found in appendix D.

• Fix battery usage problem of client application
The mobile application for the Android mobile devices have been giving some system
errors in the OS stating that the application uses an larger amount of battery power
than expected.

• The problem with interference of the signals
The project product is supposed to be used in office environments inside buildings. So
something has to be done to reduce the interference of the signals.

• Make the client screen update faster
During the tests it was seen that the client screens from figure 18, for the Android
mobile device did not have the update time needed to show all the debug data the
screen should provide to the user. To optimize the system for later use this problem
should be fixed to get better debug output.

• Test how fast the beacon is transmitting
In the test of both PC and Android clients it was seen that a beacon signal can be
received more than once within the period of 350ms. It should be controlled weather
it is an error in the beacon or in the project software.

• Optimize the scaling of the maps of the web-interface
The scaling of the maps does not fit to the web-interface e.g. maps are too large. To
solve this, a map-scaling function should be implemented so high resolution maps still
can fit every screen type without disturbing the interface layout.

Table 23: List of the project problems that can be improved in the future work at the project.

Page 60 of 94



iBeacons application in the reg. and processing of user data
Master Thesis 29/08-2016

Technical University of Denmark
DTU Compute

10 Conclusion
To solve the problem at hand, there was first listed the main stakeholders of the project and
afterwords created as many user stories as possible for those stakeholders. The user stories
were then collected in to functionalities and was prioritized.

It was controlled if the implemented system fulfilled the functional requirements by creating
acceptance tests based on the use cases. These proved that all that was expected to be im-
plemented also was implemented. So the acceptance tests confirmed that the implemented
functions works as intended.

To make the PC client for Windows 7, a universal driver was used, in order to collect the
beacon-data from the bluetooth chip. A side effect of this universal driver, is that the chip
can then not be used for other purposes, such as a bluetooth headset or other wireless blue-
tooth devices.
It is possible to make the client without the universal drivers in Windows 10, since the func-
tionality of collecting beacon-data comes native with Windows 10.

From the precision tests of the mobile devices it was found that most of the readings from
all the devices were 50-60% off and it was assumed that a part of the error is due to sig-
nal interference coming from other 2.4GHz devices and building materials such as concrete,
plaster and metal.

By looking at the results of the battery test, it was found that having the bluetooth module
turned on all the time, it used less than 1/10 of the battery use that the normal GSM antenne
module used in the same time period. This means that the battery usage will not affect the
daily use of the mobile device and thereby the non-functional requirement was fulfilled.

In general all the functional and non-functional requirements have been tested and except a
few, they are all fulfilled in the implemented system.

The implemented system functions as intended and are able to solve the problem of knowing
how many employees are using the hotdesk areas, but the system will require some additional
work in the future in order to work as designed.
With the additional work the system can be used as designed in the requirement specifi-
cation (Design section), but if a higher accuracy of tracking persons is needed, the beacon
technology have to be changed to something else.

It has to be noticed that it is important to inform an make the employees understand the
benefits of the system, and thereby getting the support from the employees before imple-
menting such a system. Otherwise the employees might feel watched and controlled. This
can create an unpleasant working environment.
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11 Glossary
List of words and expressions used in the report.

Administrator
This user can create, read, update and delete everything within the system.

Assign person
The name of use case 2.1.

Beacon
The device used to transmit the distance between the beacon and the mobile device.

Beacon-data
The data that are transmitted to and from the mobile device.

Building personnel
The people who maintain a building.

Client application
The software installed on the users mobile devices.

Configuration of area
The name of use case 3.1.

De-serialize
Converting a stream of bytes into a data object.

Developing process
The pattern of how the developing of the project has been done.

DTU
Short for the Technical University of Denmark,’

Employee
User of the system.

Employer
User / administrator of the system.

FR
Short for functional requirements.

Free seating
See hotdesk area.

Headless mode
A piece of software running without any user interface.

Hotdesk area
An area where people share a desk and normally not working full time.

iBeacon
The Apple name for the beacon technology.

MAC address
A universal address for an electronic device. In this project used as an identifier after
it is being hashed.
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Manager
See employer.

Measuring stick
Drawing that shows the scalation of the map.

Mobile device
The term for all the devices that can register beacon-data.

Mock-up
A graphically representation of the interface to be implemented.

Mssql
The database technology from Microsoft.

NFR
Short for non-functional requirements.

Person
The person is the one who collects the beacon-data. Is also known as the user.

Person registration
The term is used for a person collecting beacon-data and send it to the REST web-
service.

Project product
A term covering all the pieces of software created and implemented in this project.

Raspberry Pi
A single board ARM-computer.

Register person
The name of use case 1.1.

Registration
See Person registration.

REST web-service
The piece of software that gets the data from the client application and store it in the
database.

Serialize
An object of data is converted into a stream of bytes.

Show data
The name of use case 3.2.

Signal interference
When a signal gets interupted by things like other signals, concrete of plaster.

SRE employee
See Building personnel.

Stakeholders
The persons who have interest in the system.

Sub-area
An item or object within the area, such as a table.
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Sub-use case
A use case that depends on another use case.

System
The term of the full physically project.

Team leader
See employer.

Use case
A description of a functionality of the system.

User data
The data the client application provides to the REST web-service.

User ID
A unique ID of each user.

User story
A model used to find possible usage for a system from wishes from the users.

Winbeacon
A software library used to collect beacon-data on a Windows computer.
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12 Figure reference
Some of the figures in this report contains images or parts of images there are not fully
created by the report author. Below are listed where the figures occur and the source of the
original image or graphics.

Figure 1 Page: 6
Reference: The picture Comes from the internal website for Siemens.
The internal path is:
Home > Process house(mobility) > System Development & Engineering

Figure 2 Page: 7
Reference: The picture Comes from the internal website for Siemens.
The internal path is:
Home > Process house(mobility) > System Development & Engineering >
Software Development

Figure 3 Page: 12
Reference: created by author.

Figure 4 Page: 22
Reference: The picture icons used is from the Cisco website [10].

Figure 5 Page: 23
Reference: created by author.

Figure 6 Page: 24
Reference: created by author.

Figure 7 Page: 24
Reference: created by author.

Figure 9 Page: 25
Reference: created by author.

Figure 9 Page: 25
Reference: created by author.

Figure 10 Page: 26
Reference: created by author.

Figure 11 Page: 26
Reference: created by author.

Figure 12 Page: 27
Reference: The picture icons used is from the Cisco website [10].
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Figure 13 Page: 30
Reference: created by author.

Figure 14 Page: 31
Reference: created by author.

Figure 15 Page: 32
Reference: The picture used is from the Cisco website [10].

Figure 16 Page: 34
Reference: created by author.

Figure 17 Page: 35
Reference: created by author.

Figure 18(a) Page: 37
Reference: created by author.

Figure 18(b) Page: 37
Reference: created by author.

Figure 18(c) Page: 37
Reference: created by author.

Figure 18(d) Page: 37
Reference: created by author.

Figure 18 Page: 37
Reference: created by author.

Figure 19 Page: 38
Reference: The picture used is from the Cisco website [10].

Figure 20 Page: 39
Reference: The picture used is from the Cisco website [10].

Figure 21 Page: 41
Reference: created by author.

Figure 22 Page: 42
Reference: created by author.
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Figure 24 Page: 45
Reference: created by author.

Figure 25 Page: 46
Reference: created by author.

Figure 26 Page: 46
Reference: created by author.

Figure 27 Page: 47
Reference: The picture used is from the Cisco website [10].

Figure 28 Page: 52
Reference: created by author.

Figure 29 Page: 55
Reference: created by author.

Figure 30 Page: 56
Reference: Screenshot youtube video from Estimote [52].

Figure 31 Page: 56
Reference: Screenshot youtube video from Estimote [52].

Figure 32 Page: 81
Reference: created by author.

Figure 33 Page: 82
Reference: The picture is copied from Raspberry Pi webpage [50].

Figure 34 Page: 84
Reference: created by author.

Figure 35 Page: 87
Reference: created by author.

Figure 36 Page: 88
Reference: created by author.

Figure 37 Page: 89
Reference: created by author.
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Figure 38 Page: 90
Reference: created by author.

Figure 39 Page: 91
Reference: created by author.

Figure 40 Page: 92
Reference: created by author.

Figure 41 Page: 93
Reference: created by author.

Figure 42 Page: 93
Reference: created by author.

Figure 43 Page: 93
Reference: created by author.

Figure 44 Page: 93
Reference: created by author.

Figure 45(a) Page: 94
Reference: created by author.

Figure 45(b) Page: 94
Reference: created by author.

Figure 45 Page: 94
Reference: created by author.
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B Appendix - Calculation of area based on two beacons
The following calculations are made in Maple which is a calculation tool made by Maplesoft
[1]. The version that is used for these calculations is Maple2016.

(4)(4)

(3)(3)

> > 

(1)(1)

> > 

> > 

(2)(2)

> > 

> > 

> > 

First loaded libraries used for the calculations.

restart;

with Gym :

Then listed the distances between the two beacons and the four points.  As seen in the image below.

It provides together eight points of data.
The points are named b <beaon No> <points No>. This means that the beacon 1 distance to point 1 is 
named b11.

b11 3.8;
b11  3.8

b12 7.4;
b12  7.4

b13 11.5;
b13  11.5

b14 9.6;
b14  9.6
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(7)(7)

(15)(15)

> > 

> > 

(11)(11)

> > 

> > 

> > 

> > 

> > 

(10)(10)

(13)(13)

(5)(5)

(16)(16)

> > 

(8)(8)

> > 

(9)(9)

(6)(6)

> > 

(12)(12)

> > 

(14)(14)

> > 

Now the distance to the second beation to the points.

b21 9.9;
b21  9.9

b22 2.8;
b22  2.8

b23 8.6;
b23  8.6

b24 12.7;
b24  12.7

Finally, the distance between the two beacons. This is also called reference distance named S.

S 8.1;
S  8.1

Now the distance between P1 and P2 calculated that forms one side of the square.

Than is calculated the first triangle formed between b11, b21 and S . 

COSb11b21  
b11

2
S

2
b21

2

2 b11 S
COSb11b21  0.2917478882

Afterwards the angle between b11 and b21 is found.

b11b21 invCos COSb11b21 ;
b11b21  106.9626286

Than is calculated the first triangle formed between b12, b22 and S . 

COSb12b22  
b12

2
S

2
b22

2

2 b12 S
COSb12b22  0.9386886890

Afterwards the angle between b12 and b22 is found.

b12b22 invCos COSb12b22 ;
b12b22  20.16750780

Now one can via cosinusrelationen find the distance between P1 and P2, as there are now two sides of 
the triangle and the angle has just found.
First, the two angles pulled apart to get the correct angle.

P1P2Angle b11b21 b12b22;
P1P2Angle  86.79512080

Cos P1P2Angle ;
0.05590652974

Now the distance can be found using the cosinusrelationen.

A b
2

c
2

2 b c Cos X :

P1P2 b11
2

b12
2

2 b11 b12 Cos P1P2Angle ;
P1P2  8.127472963

The distance between P1 and P2 is calculated to be 8.127472963 meter.
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> > 

(17)(17)

(23)(23)

> > 

> > 

(21)(21)

(20)(20)

(19)(19)

> > 

> > 

> > 

(22)(22)

> > 

(18)(18)

Now the distance between P2 and P3 calculated that forms one side of the square.

Than is calculated the first triangle formed between b12, b22 and S . 

COSb12b22  
b12

2
S

2
b22

2

2 b12 S
COSb12b22  0.9386886890

Afterwards the angle between b12 and b22 is found.

b12b22 invCos COSb12b22 ;
b12b22  20.16750780

Now the distance between P2and P3 calculated that forms one side of the square.

Than is calculated the first triangle formed between b13, b23 and S . 

COSb13b23  
b13

2
S

2
b23

2

2 b13 S
COSb13b23  0.6650563605

Afterwards the angle between b13 and b23 is found.

b13b23 invCos COSb13b23 ;
b13b23  48.31335063

Now one can via cosinusrelationen find the distance between P2 and P3, as there are now two sides of 
the triangle and the angle has just found.
First, the two angles pulled apart to get the correct angle.

P2P3Angle b12b22 b13b23;
P2P3Angle  28.14584283

Cos P2P3Angle ;
0.8817497231

Now the distance can be found using the cosinusrelationen.

A b
2

c
2

2 b c Cos X :

P2P3 b12
2

b13
2

2 b12 b13 Cos P2P3Angle ;
P2P3  6.077515701

The distance between P2 and P3 is calculated to be 6.077515701 meter.
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(28)(28)

(25)(25)

> > 

> > 

(29)(29)

(30)(30)

(27)(27)

(24)(24)

> > 

> > 

> > 

> > 

> > 

(26)(26)

Now the distance between P3 and P4 calculated that forms one side of the square.

Than is calculated the first triangle formed between b13, b23 and S . 

COSb13b23  
b13

2
S

2
b23

2

2 b13 S
COSb13b23  0.6650563605

Afterwards the angle between b13 and b23 is found.

b13b23 invCos COSb13b23 ;
b13b23  48.31335063

Now the distance between P3 and P4 calculated that forms one side of the square.

Than is calculated the first triangle formed between b14, b24 and S . 

COSb14b24  
b14

2
S

2
b24

2

2 b14 S
COSb14b24  0.02263374486

Afterwards the angle between b14 and b24 is found.

b14b24 invCos COSb14b24 ;
b14b24  91.29692882

Now one can via cosinusrelationen find the distance between P3 and P4, as there are now two sides of 
the triangle and the angle has just found.
First, the two angles pulled apart to get the correct angle.

P3P4Angle b13b23 b14b24;
P3P4Angle  42.98357819

Cos P3P4Angle ;
0.7315491422

Now the distance can be found using the cosinusrelationen.

A b
2

c
2

2 b c Cos X :

P3P4 b13
2

b14
2

2 b13 b14 Cos P3P4Angle ;
P3P4  7.929940063

The distance between P3 and P4 is calculated to be 7.929940063 meter.
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> > 

(35)(35)

> > 

> > 

> > 

(37)(37)

(31)(31)

> > 

(32)(32)

(33)(33)

(34)(34)

> > 

(36)(36)

> > 

Now the distance between P4 and P1 calculated that forms one side of the square.

Than is calculated the first triangle formed between b14, b24 and S . 

COSb14b24  
b14

2
S

2
b24

2

2 b14 S
COSb14b24  0.02263374486

Afterwards the angle between b14 and b24 is found.

b14b24 invCos COSb14b24 ;
b14b24  91.29692882

Now the distance between P4 and P1 calculated that forms one side of the square.

Than is calculated the first triangle formed between b14, b24 and S . 

COSb11b21  
b11

2
S

2
b21

2

2 b11 S
COSb11b21  0.2917478882

Afterwards the angle between b11 and b21 is found.

b11b21 invCos COSb11b21 ;
b11b21  106.9626286

Now one can via cosinusrelationen find the distance between P4 and P1, as there are now two sides of 
the triangle and the angle has just found.
First, the two angles pulled apart to get the correct angle.

P4P1Angle b14b24 b11b21;
P4P1Angle  15.66569978

Cos P4P1Angle ;
0.9628535693

Now the distance can be found using the cosinusrelationen.

A b
2

c
2

2 b c Cos X :

P4P1 b14
2

b11
2

2 b14 b11 Cos P4P1Angle ;
P4P1  6.029113001

The distance between P4 and P1 is calculated to be 6.02911301 meter.
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C Appendix - Database creation script
The creation script for the system database with the set-up of the database user included.
The script is shown below in listing 1 and continued in listing 2.

1-- Creating database Beacon if not exits
2Use Master ;
3
4if db_id (’Beacon ’) IS NOT NULL
5BEGIN
6ALTER DATABASE Beacon SET SINGLE_USER WITH ROLLBACK IMMEDIATE
7DROP DATABASE Beacon ;
8END
9
10
11CREATE DATABASE Beacon ;
12USE Beacon ;
13
14-- Creating test table users if not exists
15IF OBJECT_ID (’dbo. users ’, ’U’) IS NOT NULL
16DROP TABLE users ;
17
18Create TABLE users (
19Username nvarchar (260)
20)
21
22-- Creating Beacon table users if not exists
23IF OBJECT_ID (’dbo. beaconregistration ’, ’U’) IS NOT NULL
24DROP TABLE beaconregistration ;
25
26Create TABLE beaconregistration (
27id INT NOT NULL IDENTITY (1 ,1) PRIMARY KEY ,
28RegistrationId nvarchar (260) ,
29RegistrationTimeDate DateTime
30)
31
32-- Creating beaconAera table users if not exists
33IF OBJECT_ID (’dbo. beaconAera ’, ’U’) IS NOT NULL
34DROP TABLE beaconAera ;
35
36Create TABLE beaconAera (
37id INT NOT NULL IDENTITY (1 ,1) PRIMARY KEY ,
38AreaName nvarchar (260) ,
39AreaMapName nvarchar (260) ,
40StartPointX float ,
41StartPointY float
42)
43
44-- Creating beaconAeraDimensions table users if not exists
45IF OBJECT_ID (’dbo. beaconAeraDimensions ’, ’U’) IS NOT NULL
46DROP TABLE beaconAeraDimensions ;
47
48Create TABLE beaconAeraDimensions (
49id INT NOT NULL IDENTITY (1 ,1) PRIMARY KEY ,
50AreaMapName nvarchar (260) ,
51DimensionsOfMap float ,
52StartX float ,
53StartY float ,
54SlutX float ,
55SlutY float
56)

Listing 1: First part of the database script for the system. The Second part continues on
the next page.
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57
58-- Creating Found Beacon table users if not exists
59IF OBJECT_ID (’dbo. beaconfound ’, ’U’) IS NOT NULL
60DROP TABLE beaconfound ;
61
62Create TABLE beaconfound (
63Id INT NOT NULL IDENTITY (1 ,1) PRIMARY KEY ,
64BeaconRegistrationId INT FOREIGN KEY REFERENCES beaconregistration (Id),
65BeaconAdress nvarchar (260) ,
66BeaconCompanyId INT ,
67BeaconCalibratedTxPower INT ,
68BeaconApproximateIosRange float ,
69BeaconRange float ,
70BeaconIsAppleIBeacon bit ,
71BeaconMajor INT ,
72BeaconMinor INT ,
73BeaconRssi INT ,
74BeaconUUID nvarchar (260)
75)
76
77-- Creating Found beaconInArea table users if not exists
78IF OBJECT_ID (’dbo. beaconInArea ’, ’U’) IS NOT NULL
79DROP TABLE beaconInArea ;
80
81Create TABLE beaconInArea (
82Id INT NOT NULL IDENTITY (1 ,1) PRIMARY KEY ,
83BeaconFoundId INT NOT NULL FOREIGN KEY REFERENCES beaconfound (Id),
84BeaconAreaId INT NOT NULL FOREIGN KEY REFERENCES beaconAera (Id),
85Point1 float ,
86Point2 float ,
87Point3 float ,
88Point4 float
89)
90
91-- Creating Found beaconBetweenDistance table users if not exists
92IF OBJECT_ID (’dbo. beaconBetweenDistance ’, ’U’) IS NOT NULL
93DROP TABLE beaconBetweenDistance ;
94
95Create TABLE beaconBetweenDistance (
96Id INT NOT NULL IDENTITY (1 ,1) PRIMARY KEY ,
97BeaconFromId INT NOT NULL FOREIGN KEY REFERENCES beaconfound (Id),
98BeaconToId INT NOT NULL FOREIGN KEY REFERENCES beaconfound (Id),
99BeaconAreaId INT NOT NULL FOREIGN KEY REFERENCES beaconAera (Id),
100DistanceBetween float
101)
102
103-- Check if login exists
104if exists ( select * from sys. server_principals where name = ’BeaconAdmin ’)
105-- you need to create a server login first
106DROP LOGIN BeaconAdmin ;
107
108-- Create user for SQL Authentication
109CREATE LOGIN BeaconAdmin WITH PASSWORD = ’123456 aA!’
110,DEFAULT_DATABASE = [ Beacon ]
111GO
112
113-- Now add user to database
114USE Beacon ;
115CREATE USER BeaconAdmin FOR LOGIN BeaconAdmin ;
116GO
117-- Grant User all WRITE permissions (INSERT , UPDATE , DELETE ) on all tables
118EXEC sp_addrolemember N’db_owner ’, N’BeaconAdmin ’

Listing 2: Second and last part of the database script for the system.
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D Appendix - Final Database layout
Below in figure 32 is shown a layout for the final database. This database should respect the
normalization rules of databases and have more logic names than the current implemented
database shown in figure 14.

Figure 32: The database model with datatypes nullalbe. Not-nullable data fields is marked
with bold text. Cardinality are 1 = 1..1, * = 0..1.
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E Appendix - Raspberry Pi and PC Install guide to use
as a Beacon

Beacons are not something consumers or companies need to buy from a manufacturer. It
is possible to create their own beacon transmitter with a hardware platform that has x86,
x64 or ARM architecture, a Linux distribution and has a bluetooth module that is at least
a version 4.0.

Figure 33: The Pitcher shows the single board
computer Raspberry Pi version 2. This model
requires a bluetooth dongle to function as a
beacon.

The following guide describes how to build a
beacon based on a Raspberry Pi or a regular
PC. The Raspberry Pi is a single board com-
puter and an example of one, can be seen in
figure 33. If the Raspberry Pi is not a ver-
sion 3 then a bluetooth usb-dongle of the
class 4.0 or higher, is needed for the instal-
lation beacon to work. Beacon installation
also works on an Intel Edison (a x86 single
board computer). Just follow from step 5
in the instructions roughly and remove to
"tool" folder from the file paths.
Below is found a step guide for how to in-
stall and use a Raspberry Pi as a beacon
transmitter.
Step 3 to 4 is combined from the following sources [51] and the boot steps, step 5 to 8 from
the Ubuntu community [30].

1. First install a Linux distribution of your choice. It is recommended to use
Raspbian Lite (Jessi) or the Ubuntu Mate 16.04 for the installation.

2. Make sure the distribution is fully updated.

3. Installing the bluetooth library controlling the hardware. This is found in
listing 3.

sudo apt -get install libusb -dev
sudo apt -get install libdbus -1- dev
sudo apt -get install libglib2 .0- dev --fix - missing
sudo apt -get install libudev -dev
sudo apt -get install libical -dev
sudo apt -get install libreadline -dev

Listing 3: Code for installing the hardware library for controlling the bluetooth
module.

4. Install the beacon controller software by downloading it. Make and install
the bluez-library. This is shown in listing 4.

sudo mkdir bluez
cd bluez
sudo wget www. kernel .org/pub/linux/ bluetooth /bluez -5.18. tar.gz
sudo gunzip bluez -5.18. tar.gz
sudo tar xvf bluez -5.18. tar
cd bluez -5.18
sudo ./ configure --disable - systemd
sudo make
sudo make install
sudo shutdown -r now

Listing 4: Commandlines for downloading and installing bluez-library.
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5. Set-up the beacon. Start up with the Raspberry Pi boot up, without login,
using a boot script. First login with root priviliges and then create the file
which is going to hold the boot code. This is done in listing 5.

sudo su
nano /home/pi/ startbeacon .sh

Listing 5: Login as root and create an empty file that ends up holding the beacon
startup code.

6. Copy and paste the script code from listing 6, change the parameters needed
and save the script.

1#!/ bin/bash
2
3# Beacon parameter :
4UUID =’63 6F 3F 8F 64 91 4B EE 95 F7 D8 CC 64 A8 63 B7 ’
5Major =’07 A3 ’ #test numbers
6Minor =’00 00’ # test igen
7RSSI=’C8 ’ # C8 hex = 200 int
8
9# UUID_NO_WHITESPACE ="$(echo -e "${UUID }" | tr -d ’[[: space :]] ’)"
10Major_NO_WHITESPACE ="$(echo -e "${Major}" | tr -d ’[[: space :]] ’)"
11Minor_NO_WHITESPACE ="$(echo -e "${Minor}" | tr -d ’[[: space :]] ’)"
12RSSI_NO_WHITESPACE ="$(echo -e "${RSSI}" | tr -d ’[[: space :]] ’)"
13
14# Write to screen what settings entered
15echo " UUID_hex : " $UUID
16#echo "UUID: " $((0 x$UUID_NO_WHITESPACE ))
17echo " Major: " $((0 x$Major_NO_WHITESPACE ))
18echo " Minor: " $((0 x$Minor_NO_WHITESPACE ))
19echo "RSSI: " $RSSI "or" $((0 x$RSSI_NO_WHITESPACE ))
20echo
21
22#Find Beacon location folder
23cd /home/pi/bluez/bluez -5.18/
24
25#http :// linux.die.net/man /8/ hciconfig
26sudo tools/ hciconfig hci0 leadv 3
27#Open and initialize HCI device .
28sudo tools/ hciconfig hci0 up
29# Disable page and inquiry scan.
30sudo tools/ hciconfig hci0 noscan
31
32# Becaon advertising Data
33#http :// www. princetronics .com/ibeacon -minimal -setup -with -raspberry -

pi - pibeacon /
34
35sudo tools/ hcitool -i hci0 cmd 0x08 0x0008 1E 02 01 1A 1A FF 4C 00

02 15 $UUID $Major $Minor $RSSI
36
37read

Listing 6: Script code used for setting up the properties of the beacon and start
it up afterwards. The script is setup with the pi user (line 23).

7. As the last step, permissions are needed to be added to the script so it can
be accessed and launched. This is done in listing 7.

chmod u+x /home/pi/ startbeacon .sh

Listing 7: Adding the permissions so the script can be executable on boot up.
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8. Make the beacon turn on at boot up, by inserting the boot script in the
startup sequence of the Raspberry Pi.

nano /etc/rc.local

Listing 8: Opening the file holding some of the startup code in a text editor.

9. Inside the file, add the line "/home/pi/startbeacon.sh || exit 1" as show in
listing 9.

1#!/ bin/sh -e
2#
3# rc.local
4#
5# This script is executed at the end of each multiuser runlevel .
6# Make sure that the script will "exit 0" on success or any other
7# value on error.
8#
9# In order to enable or disable this script just change the

execution
10# bits.
11#
12# By default this script does nothing .
13/home/pi/ startbeacon .sh || exit 1 # <----- Add the line here
14
15# Print the IP address
16_IP=$( hostname -I) || true
17if [ "$_IP" ]; then
18printf "My IP address is %s\n" "$_IP"
19fi
20
21exit 0

Listing 9: Inserting the boot script in the startup in line 13.

10. Then reboot(see listing 10) and the beacon will now boot up with the
Raspberry Pi. A screen-shot of it can be seen in figure 34.

sudo reboot

Listing 10: commandline for rebooting the Raspberry Pi.

Figure 34: A screen-shot of the Raspberry Pi boot-up with the beacon script turned on. The
script is marked with red square.
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F Appendix - Acceptance test of main success scenario
The following section contains the results of the acceptance tests created for the main sce-
narios of the use cases.

The first use case, Register person, is split into two acceptance tests, one for the Android
implementation in table 24 and one for the PC implementation in table 25 .
The second test for Configuration of area is found in table 26, the third test for Show data,
is found in table 27 and the fourth for Assign person, is found in table 28.

Black-box for UC1.1 - Android implementation
Main success Scenario Expected outcome Real outcome
1. The mobile device registers a beacon
nearby. (It is possible to determine a
position for the mobile device).

Implemented and work-
ing.

As Expected

2. Waiting for a time period to try to
find more beacons and have a higher
precision of those all ready found. (mo-
bile device)

Implemented and work-
ing.

As Expected

3. The mobile device sends the beacon-
data to the system database.

Implemented and work-
ing.

As Expected

Table 24: Black-box test for UC1.1 Main success Scenario - Android client.

Black-box for UC1.1 - PC implementation
Main success Scenario Expected outcome Real outcome
1. The mobile device registers a beacon
nearby. (It is possible to determine a
position for the mobile device).

Implemented and work-
ing.

As Expected

2. Waiting for a time period to try to
find more beacons and have a higher
precision of those all ready found. (mo-
bile device)

Implemented and work-
ing.

As Expected

3. The mobile device sends the beacon-
data to the system database.

Implemented and work-
ing.

As Expected

Table 25: Black-box test for UC1.1 Main success Scenario - PC client.
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Black-box for UC2.1
Main success Scenario Expected outcome Real outcome
1. First select a map which the area is
placed in.

Implemented and work-
ing.

As Expected

2. Select an area name. Implemented and work-
ing.

As Expected

3. Then select the area by adding the
area beacons (beacon ID).

Implemented and work-
ing.

As Expected

4. Select an area by reading distance
for all beacons within reach.

Implemented and work-
ing.

As Expected

5. The position is determined to a sub-
area (as a table or desk).

Not Implemented. As Expected

Table 26: Black-box test for UC2.1 Main success Scenario - Configuration of area.

Black-box for UC3.1
Main success Scenario Expected outcome Real outcome
1. Choose a location. Not Implemented, default

map is selected.
As Expected

2. Show data for today, for the selected
location.

Not Implemented, the
user have to select param-
eters before any data is
shown.

As Expected

3. The user change the parameters and
the screen is updated.

Partially implemented, re-
quire a button press to up-
date.

As Expected

4. The user is presented with a map
with an overview of where the selected
location is displayed.

Implemented As Expected

5. Screen automatically updates with
new data (see frequency).

Not Implemented, the up-
date requires a button
press every time.

As Expected

Table 27: Black-box test for UC3.1 Main success Scenario - Show data.

Black-box for UC3.2
Main success Scenario Expected outcome Real outcome
1. The system finds all person registra-
tions.

Implemented and work-
ing.

As Expected

2. The person registrations are linked
to areas based on which beacons they
have encountered and the distance to
them.

Partially implemented,
the distance is not used.

As Expected

3. The user registrations are linked to a
sub-category such as a desk or another
object.

Not Implemented, do to
precision issues this fea-
ture is not programmed.

As Expected

Table 28: Black-box test for UC3.2 Main success Scenario - Assign person.
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G Appendix - Precision test of mobile devices clients
The following appendix contains the results of the precision tests where a mobile device
have been registering beacon-data for up to 6 minutes. The results includes a graph of the
received beacon-data over time and a calculation of error based on the minimum, average
and maximum distance registered.
The 6 devices is listed below with their corresponding graph and table.

• Samsung Xcover 3 graph results in figure 35 and error calculation in table 29.
• Samsung Galaxy S5 graph results in figure 36 and error calculation in table 30.
• Samsung Galaxy S6 Edge graph results in figure 37 and error calculation in table 31.
• Huawei P8 Lite graph results in figure 38 and error calculation in table 32.
• Fujitsu FJNB23F with on-board blue-tooth module graph results in figure 39 and error calculation in

table 33.
• Fujitsu FJNB23F with ASUS USB-BT400 graph results in figure 40 and error calculation in table 34.
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Samsung Xcover 3 - Precision test
Beacon 215

Control 215 - 3,833 meter
Beacon 222

Control 222 - 6,208 meter
249

Control 249 - 12,679 meter

Figure 35: Precision test of the Samsung XCover 3.

Error statictis for Samsung Xcover 3
Beacon Number min distance

%-error
avg distance
%-error

max distance
%-error

References
Distance

215 1,39m
-63,73%

1,55m
-59,68%

1,91m
-50,33%

3,83m

222 2,87m
-53,82%

3,53m
-43,08%

6,19m
-0,27%

6,21m

249 4,25m
-66,51%

5,22m
-58,80

6,19m
-51,17%

12,68m

Table 29: Table overview for the Samsung Xcover 3, showing the minimum, the average and
the maximum distance measured for the three beacons. The %-error beneath the distances
is the percentage of the deviation to the reference distance. Please notice that the results
have been shorten to a two decimal number.
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Samsung Galaxy S5 - Precision test
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Figure 36: Precision test of the Samsung S5.

Error statictis for Samsung Galaxy S5
Beacon Number min distance

%-error
avg distance
%-error

max distance
%-error

References
Distance

215 0m
-100%

0m
-100%

0m
-100%

3,84m

222 2,60m
-58,24%

7,00m
12,82%

17,54m
182,50%

6,21m

249 5,14m
-59,48%

6,04m
-52,37%

6,79m
-46,47%

12,68m

Table 30: Table overview for the Samsung Galaxy S5, showing the minimum, the average and
the maximum distance measured for the three beacons. The %-error beneath the distances
is the percentage of the deviation to the reference distance. Please notice that the results
have been shorten to a two decimal number.
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Samsung Galaxy S6 Edge - Precision test
Beacon 215

Control 215 - 3,833 meter
Beacon 222

Control 222 - 6,208 meter
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Control 249 - 12,679 meter

Figure 37: Precision test of the Samsung S6 Edge.

Error statictis for Samsung Galaxy S6 Edge
Beacon Number min distance

%-error
avg distance
%-error

max distance
%-error

References
Distance

215 1,0m
-73,66%

1,34m
-64,99%

2,11m
-44,92%

3,84m

222 1,39m
-77,58%

4,77m
-23,14%

10,59m
70,61%

6,21m

249 1,72m
-86,45%

4,24m
-66,56%

6,79m
-46,47%

12,68

Table 31: Table overview for the Samsung Galaxy S6 Edge, showing the minimum, the
average and the maximum distance measured for the three beacons. The %-error beneath
the distances is the percentage of the deviation to the reference distance. Please notice that
the results have been shorten to a two decimal number.
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Huawei P8 lite - Precision test
Beacon 215

Control 215 - 3,833 meter
Beacon 222

Control 222 - 6,208 meter
249

Control 249 - 12,679 meter

Figure 38: Precision test of the Huawei P8 lite.

Error statictis for Huawei P8 lite
Beacon Number min distance

%-error
avg distance
%-error

max distance
%-error

References
Distance

215 0,07m
-98,20%

0,27m
-93,05%

0,44m
-88,45%

3,84m

222 0,73m
-88,27%

5,36m
-13,60%

14,88m
139,61%

6,21m

249 1,01m
-92,03%

4,03m
-68,19%

16,16m
27,44%

12,68m

Table 32: Table overview for the Huawei P8 lite, showing the minimum, the average and the
maximum distance measured for the three beacons. The %-error beneath the distances is
the percentage of the deviation to the reference distance. Please notice that the results have
been shorten to a two decimal number.
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Fujitsu FJNB23F with on-board blue-tooth module - Precision test
Beacon 215

Control 215 - 3,833 meter
Beacon 222

Control 222 - 6,208 meter
249

Control 249 - 12,679 meter

Figure 39: Precision test of the Fujitsu FJNB23F with on-board blue-tooth module.

Error statictis for Fujitsu FJNB23F with on-board blue-tooth module
Beacon Number min distance

%-error
avg distance
%-error

max distance
%-error

References
Distance

215 0,56m
-85,35%

1,41m
-63,17%

1,58m
-58,71%

3,84m

222 1,12m
-81,93%

2,35m
-62,11%

4,47m
-28,05%

6,21m

249 3,98m
-68,60%

6,35m
-49,91%

12,59m
-0,70%

12,68m

Table 33: Table overview for the Fujitsu FJNB23F with on-board blue-tooth module, showing
the minimum, the average and the maximum distance measured for the three beacons. The
%-error beneath the distances is the percentage of the deviation to the reference distance.
Please notice that the results have been shorten to a two decimal number.
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Fujitsu FJNB23F with ASUS USB-BT400 - Precision test
Beacon 215

Control 215 - 3,833 meter
Beacon 222

Control 222 - 6,208 meter
249

Control 249 - 12,679 meter

Figure 40: Precision test of the Fujitsu FJNB23F with ASUS USB-BT400.

Error statictis for Fujitsu FJNB23F with ASUS USB-BT400
Beacon Number min distance

%-error
avg distance
%-error

max distance
%-error

References
Distance

215 1,12m
-70,77%

1,55m
-59,51%

1,58m
-58,71%

3,84m

222 1,59m
-74,4%7

2,36m
-62,00%

11,22m
80,74%

6,21m

249 1,58m
-87,50%

2,56m
-79,79%

4,47m
-64,77%

12,68m

Table 34: Table overview for the Fujitsu FJNB23F with ASUS USB-BT400, showing the
minimum, the average and the maximum distance measured for the three beacons. The
%-error beneath the distances is the percentage of the deviation to the reference distance.
Please notice that the results have been shorten to a two decimal number.
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H Appendix - Battery test of the Android bluetooth
module

Screen-shot of the battery test made for the different Andriod devices tested with the GSAM
application [28], to see how much battery the bluetooth module used by being turned on full
time. The results can be found in the figure 41 for the XCover 3, figure 42 for the Galaxy
S6, figure 43 for the Galaxy S6 Edge and figure 44 for the Huawei P8 Lite.
Please notice that the application used for the screen-shots contains advertisement. Those
have been removed from the screen-shots below.

Figure 41: Battery usages of the Samsung
Galaxy XCover 3.

Figure 42: Battery usages of the Samsung
Galaxy S5.

Figure 43: Battery usages of the Samsung
Galaxy S6 Edge.

Figure 44: Battery usages of the Huawei P8
Lite.

Page 93 of 94



iBeacons application in the reg. and processing of user data
Master Thesis 29/08-2016

Technical University of Denmark
DTU Compute

I Appendix - Battery test android application readout
Please notice that the GSAM application [28] used for the screen-shots contains advertise-
ment. Those have been removed from the screen-shots below.

(a) Andriod native handling of
battery usages for an Andriod
application. This is an error re-
port of the application.

(b) Screen show the test soft-
ware used to calculate the bat-
tery usages of the entire phone.
All apps including the client
app usages 49% of the current
battery usage.

Figure 45: Screen-shots of the client application running a battery test on an Android phone.
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It has become more common for companies to have hotdesk areas. This means that many employees
shares their office desks and other equipment. To make sure, that there are enough desks, sufficient
air ventilation and heating, the company needs to know when the desks are occupied and how many
persons there are in a given area.

Here the beacon technology is chosen together with an application to be installed either on the users
smartphone or laptop. The client application is made both for Android and PC and can later be
compiled to IOS.
When a person arrives to an area / location, the mobile device(smartphone or laptop) receives a
signal from a beacon and the mobile device sends this data with user identification and timestamp to
a database via a REST web-service, for later use. The data is anonymized and contains a unique user
ID, a timestamp, a unique registration ID and location data from the beacons.
The data is presented in a web-interface, where statistics are displayed. The full system set-up can
be seen in figure 1.
Results of the implementation shows that it was possible to locate a person from the implemented
solution within a given area. The test results showed an error in precision of 50-60%, so it is not
possible to register a person at a desk as initially intended, but only in an area. The major problem
seems to be the signal interference in the office environment.
The solution is usable, but not as precise as intended. If higher precision is required, the technology
has to be changed.

Web-server

ODBC driver

Web browser

HTTP/SODBC driver

DatabaseREST web Service

HTTP POST
JSON

Mobile device

Ibeacon
signal

Beacon

Figure 1: Overview of all system components with their selected interfaces attached.
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