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Abstract 
 
Bluetooth and Radio Frequency Identification (RFID) are two technologies which are used in 
lots of contexts today, for example Bluetooth is used for communication between devices and 
RFID as identification of items at storehouses. This work contains a comparison between those 
two technologies in a time tracking environment for sports events. To compare the two 
technologies, a Bluetooth time tracking prototype based on Raspberry Pi 3 and Android Sony 
Xperia M5 were developed to be compared with a preexisting RFID timing system.  
 
The work has been done at Blekinge Institute of Technology in Karlskrona. An agile project 
form has been used in the work containing a prestudy, development, verification, 
experimentation and survey phase. The survey focused on smartphones for timing, and the 
experiments were qualitative. Three of the questions that have been answered during the work 
are, if Bluetooth could be used in a timing context, what are the difference in reading 
performance at different speeds and distances.  
 
In both unobstructed and blocked Bluetooth can be read at longer distances. Both systems can 
read tags at 30 kilometers an hour close to the readers.  
 
Keywords: Bluetooth, RFID, IoT, Timing. 
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Sammanfattning  

Bluetooth och Radio Frequency Identification (RFID) är två vanliga teknologier som används 
i stor utsträckning idag, till exempel Bluetooth används för bland annat kommunikation mellan 
enheter, medans RFID används blandanatt för identifiering av objekt i lagerlokaler. Detta 
arbetet jämför teknologierna med utifrån ett tidtagnings perspektiv för olika idrottslopp. För 
jämförelsen mellan teknologierna utvecklades en Bluetooth tidtagnings prototyp baserat på en 
Raspberry Pi 3 och en smartphone applikation, och för RFID användes ett redan utvecklat 
tidtagningssystem.  

Arbetet har utförts på Blekinge Tekniska Högskola i Karlskrona. Ett iterativt arbetssätt har 
använts under arbetes gång innefattande en förstudie, utveckling, verifikation, experiment och 
en enkät fas. Enkäten fokuserade på smartphones för tidtagning och experimenten som utfördes 
var av kvalitativ karaktär. Två av forskningsfrågorna som blivit besvarade under arbetet är om 
Bluetooth kan användas för tidtagning och om det går vad är skillnaden på prestandan i låga 
respektive höga hastigheter på olika avstånd? 
 
Några av resultaten från arbetet är att i fri sikt kan Bluetooth bli läst på längre avstånd än RFID. 
Båda systemen kan läsa av taggar upp till 30 kilometer i timmen nära läsaren.  
 
Nyckelord: Bluetooth, RFID, IOT, tidtagning. 
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1.  INTRODUCTION  

1.1 Introduction 
In this chapter, the reader is introduced to the timing for sports events and problems in the 
timing area. 
 
When organizing a modern race it has become necessary to have a timing system to identify 
the runners and give the runners a time. Traditionally it has been done manually with people 
and stopwatches, but it is not a feasible solution when the number of participates in a race 
increases to a few thousand as could be observed in Vasaloppet[1] 1966 when the queue to 
cross the finish line extended many kilometers. In 1998 the time tracking in Vasaloppet was 
fully automated, it was now possible to follow the race times on the internet for each 
participant.[2] Vasaloppet is a huge competition with thousands of contesters. Small races 
mostly can’t afford to use an automatic time tracking system. Instead, they do manual timing 
since it is cheaper than automatic. 
 
Most of the prominent companies on the Swedish timing market for races uses RFID-tags which 
has been refined since the introduction in the late nineteens. Bluetooth was released in 1998 
and have since then integrated into modern smartphones. The smartphone market has increased 
in Sweden; many citizens own a smartphone. Could time tracking be done with a Bluetooth 
technology instead of a RFID technology for small races?  

1.2 Background 
The sports clubs in Blekinge want a system that can manage the time tracking of different types 
of competitions such as Orienteering, Triathlon, and field running. The system should be 
scalable for different sizes of races. Solutions that exists today do not satisfy the needs of the 
clubs in Blekinge. Some of those problems are: 

• Affordability, the solutions are not customized for small competitions and are expensive 
to buy in for a small race.  

• Customizability, the solutions are bound to specific hardware, and third-party solutions 
are hard to use.  

• Many systems do not allow the customer to use the system on their own. Instead, a 
person from the time tracking company comes to the race and handles the time tracking. 

 
The work is done at the university with close contact with Blekinge sports federation via 
Andreas Mattisson who gave feedback to this work.  

1.3 Objectives 
The primary purpose is to compare a Bluetooth solution with an RFID-based solution, which is 
developed in a parallel thesis, the comparison will be based on different parameters. To the best 
of the author's knowledge, the comparison proposed in this paper is the first that compare a 
Bluetooth and an RFID-based timing solution thus giving essential understanding in this area.  
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Another objective of this project is to research how a sensor system based on Bluetooth could 
be developed and what problems come with it. The sensor system should be able to detect if a 
smartphone with a specially developed application has passed a Bluetooth checkpoint.  
 
A third objective is to develop a prototype of a time tracking system focusing on small races 
but it should work for large races as well. Where each contestant has a smartphone with an 
application that sends out a Bluetooth signal with the competitor’s ID. When the competitor 
passes a checkpoint, the checkpoint receives the ID and takes a timestamp of the contestant. 
The ID and timestamp are then sent to a central server, where all the data is stored and processed 
to present time results from the race.  
 

1.4 Delimitations 
The work on the Time tracking hardware was performed on a limited amount of different 
hardware. For the checkpoint, only Raspberry Pi 3 was investigated with the integrated 
Bluetooth chip. The focus has been on comparing the conceptual idea of using Bluetooth 
technology versus the passive RFID technology through experiments. Other Bluetooth chips 
have not been tested in this work.  
 
Another delimitation was that only Android Sony Xperia M5 have been used when testing and 
not IOS which could have behaved differently. Only one phone has been tested in this work, 
because of lack of resources.  
 
The comparison between Bluetooth and RFID has been compared based on a Time tracking 
context on land. Time tracking in water has been left out of this study. The results cannot point 
toward a general recommendation of which solution is the best in the general case of time 
tracking. Only one RFID solution has been tested with one antenna type. 

1.5 Thesis question and technical problem 
Q1: How would it be possible to use a smartphone with a Bluetooth chip to identify a 
phone/person when passing a checkpoint? 

H1: The Bluetooth chip has a unique identification number it sends out when trying to 
pair with other devices.[3] The unique number could potentially be linked to a 
person/item in an administration system. The identification number itself does not give 
us any value of who or what has passed the reader. 

 
Q2: How it be possible to develop a system which can be used as time tracking for small races 
based on Bluetooth?  

H1: If there is a checkpoint that uses Bluetooth and the contester of the contest have a 
Bluetooth device attached. When the participator passes a reader, the reader reads the 
Bluetooth devices and gives it a timestamp. This timestamp can then be compared to 
other contesters timestamp and thus be used as a timing system. However, there could 
be a technical problem regarding the signal strength of Bluetooth, which could make it 
hard to know when the device is passing the checkpoint.  

 
Q3: What are the benefits/drawbacks of using passive RFID or Bluetooth transponders/tags in 
field/track systems? 
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 Q3.1: Which solution with a range at least one meter is the cheapest based on hardware? 
 
H3.1: Bluetooth system hardware is cheaper than RFID system hardware. That is 
because with Bluetooth technology smartphones could be reused as tags.   
 
Q3.2: What happens if the tag is passing the checkpoint at different distances with 
different speeds? 

  
H3.2: RFID tags can be read at a higher speed than Bluetooth 

  
Q3.3: Which technology enables the tag to be read furthest away from the reader? 
 
H3.3: Bluetooth has a longer range than passive RFID-tags. The paper “Ultralong- 
Range RFID-Based Wake-Up Radios for Wireless,” investigated how to wake up 
devices with passive RFID. The authors succeeded with at most a range of 10 meters 
with 30 milliseconds delay with the MWU antenna. The authors did use passive RFID 
tags for the experiment. [4] 
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2. THEORETICAL FRAMEWORK  
 
The work that has been done is related to the maker movement and Internet of things which 
often consist of a hardware part and one software part. The hardware part consists of a single 
board controller such as Arduino, Raspberry Pi 3 or another board. Sensors are added to the 
board and software applications are developed to perform the desired action. The book 
“Raspberry Pi IoT Projects Prototyping Experiments for Makers” introduces some key concept 
of IoT projects [5]. An Internet of things project communicates to other devices or a central 
server. For example, TCP/IP or Bluetooth could be used for communication. The cost is another 
aspect which should be kept as low as possible, or it could be the end of the product.  
 
2.1 General Theory  
 
2.1.1 Bluetooth 
 
Bluetooth is a standard for wireless communication [6]. In the OSI model, which is a layer 
model of the network stack [7], Bluetooth is placed in the physical layer [6]. The paper “What 
is Bluetooth” gives an introduction to Bluetooth [8]. The Bluetooth specification is an IEEE 
standard in the 802.15 families of wireless personal area network. A notable characteristic of 
Bluetooth is that it is short range and low power. It was invented by Ericsson at the end of the 
nineties and added to different types of devices such as cell phones, computers, headsets and 
more. The technology supports various types of topologies but primarily uses “device to device” 
data links.  
 
It is only allowed in the specification that a device operates in a channel for no longer than 0.4 
seconds in a 30 seconds time cycle; this is to minimize the interference between devices. The 
Bluetooth device can operate at maximum 79 different channels [8]. The general description of 
Bluetooth concepts are presented in the specification “Bluetooth Core Specification V5.0” [9]. 
The channels are separated by 1 MHZ in the unlicensed ISM band at 2.4 GHz. To provide full 
duplex transmissions, Bluetooth uses Time-Division Duplex schemes which refer to 
communication where the downlink is separated from the uplink by different allocated time 
slots. Each Bluetooth device has an allocated unique 48-bit Bluetooth device address that is 
used as the service set identifier of the Bluetooth unit on the physical medium. Protocols such 
as Transmission Control Protocol and User Datagram Protocol are possible to use in Bluetooth. 
In the following section, we’ll outline several key aspects from the “Bluetooth Core 
specification V5.0” about the Bluetooth stack model.  
 
First, there are three types of services that consist of the basic primitives that control the 
Bluetooth core system. Device control services modify the mode and behavior of a Bluetooth 
device. Transport control services manage (create, modify and release) the traffic on the 
channels and links. Data services which submit the traffic over the channels and links. 
 
The four lowest layers (physical, Link Controller, Baseband Resource Manager and Link 
Manager) in the Bluetooth stack is controlled by the Bluetooth controller. The layers above and 
including L2CAP is controlled by the Bluetooth Host, and the interface is called Host 
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Controller Interface (HCI). Including L2CAP is controlled by the Bluetooth Host and the 
interface is called Host Controller Interface (HCI). 
 
The physical layer controls the transmitting, receiving packets on the physical channel. The 
baseband manager controls the timing and frequency carrier of the physical layer. It also 
transforms a stream of data to and from the physical channel into required formats. 
 
The Link Controller handles flow control, acknowledgment, and retransmission request signals. 
It is also responsible for decoding and encoding Bluetooth packets from the parameters related 
to the physical channel. 
 
The Baseband Resource Manager is responsible for accessing the radio medium. When an 
entity has negotiated, an access contract the manager grants time on the physical channel. The 
baseband is also responsible for providing the quality of service of a user application. 
 
The Link Manager creates, modifies and release logical links as well as updates the parameters 
between a device to device communication. This can be done because the Link manager 
communicates with a remote Bluetooth device which uses the Link Manager Protocol. The 
manager is responsible for enabling or disabling encryption on the logical transport and 
adapting the transmitting power on the physical link or adjust the Quality of Service settings on 
the Baseband Resource Manager for a logical link.  
 
The L2CAP Resource Manager is responsible for the packet data unit fragments ordering to the 
baseband to ensure that channels with Quality of Service commitments are not denied access to 
the physical channel due to lack of Controller resource.   
 
In the Bluetooth core specification, there are two general formats of packets, Basic Rate and 
Enhanced Data Rate. The Basic Rate consist of three entities, the access code, the header and 
the payload. A package can include all those three entities or only the access code, the access 
code and the packet header. The Enhanced data rate have an identical access code and packet 
header as the Basic Rate packages and the modulations to Basic Rate packages. Increased data 
rate consists of also a guard time, synchronization sequence, a payload and a trailer. Both packet 
types use a least significant bit when transmitted. The access code is used for synchronization 
and identification. All packets that are sent on the same physical channel have the same access 
code. The header consists of six different fields, logical transport address, type code, flow 
control, acknowledge indication, sequence number, and a header error check.  
 
The payload can either consist of a synchronous data field or an asynchronous data field in 
some packets both the asynchronous and synchronous data field can be used. The synchronous 
data field is only supported in the Basic Rate mode and have a fixed length and have no payload 
header and consist of a synchronous data body and a cyclic redundant check. The Asynchronous 
data field has two to four segments, a payload header, a payload body, possible a Message 



 

7  

Integrity Code and possible a cyclic redundant check as described in the “Bluetooth Core  
Specification V5.0” [9]. 
 
Bluetooth Host protocols  
 
The Bluetooth host contains many different protocols, as mentioned above L2CAP is one of 
them, RFCOMM, BNEP, SDP are examples of other protocols.  
 
In the “Bluetooth Network Encapsulation Protocol (BNEP) Specification” the general concept 
of BNEP is presented [10]. BNEP is a protocol above L2CAP and delivers network packets. It 
is an encapsulating protocol and supports common networking protocols on top such as IPv4 
and IPv6 for example. The traditional Ethernet framing is like BNEP and provides similar 
capabilities. For example, an IP packet can be encapsulated in BNEP which is encapsulated in 
L2CAP which are sent over the Bluetooth media. 
 
A description of RFCOMM is presented in “RFCOMM WITH TS 07-10 Serial Port Emulation” 
[11]. RFCOMM provides emulation of serial ports over the L2CAP protocol. It emulates nine 
circuits RS-232 serial ports. The protocol supports up to 60 simultaneous connection between 
two Bluetooth devices. RFCOMM supports the implementation of two device types; type 1 are 
communication endpoints like printers and computers, type 2 are devices that are part of the 
communication segment such as modems. The RFCOMM protocol is not different between 
type 1 and types 2, but it is up to the entities to determine if the information passed by the 
RFCOMM implementation is of use or not. The device is not aware of the other devices type 
which makes it intended to give all information specified in the protocol. 
 
The “Bluetooth Core Specification V5.0” also gives a description of SDP devices [9]. SDP 
enables devices to discover what types of services that are supported by each other and what 
parameters that are needed to connect to the devices. The services provided by the other device 
is stored in a record with a Universally unique identifier (UUID). “A UUID is a universally 
unique identifier that is guaranteed to be unique across all space and all time” [9] and is a 128-
bit value. 
 
2.1.2 Bluetooth on Android 
 
On the web page “developer.android.com” there is a description of how to implement 
Bluetooth functionalities and how Bluetooth is behaving on Android phones [3]. Android 
supports Bluetooth, which enables Android smartphones with Bluetooth to exchange data 
with other Bluetooth devices. When a Bluetooth device tries to transmit data to another 
Bluetooth device, the devices must first perform a pairing process. The pairing process is 
when the devices form a channel between each other for communication. One of the devices 
sets itself into a discoverable mode which lets other devices send a connection request. The 
device that sends the connection request sets itself into a discovery mode. In this work it is 
superfluous to do a pairing process because no traffic is needed to be sent. Otherwise a 
bonding process had been required where the devices share secrets keys with each other to 
send data traffic.  
 
By default, the Android device is discoverable for two minutes when enabling discoverability. 
It is possible to change discoverability time to infinite, which means the device is always 
discoverable. When a discoverable device gets a discovery request, the device will respond with 
its unique MAC address as is described on “developer.android.com” [3].  
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2.1.3 Bluetooth Programming Linux 
 
BlueZ is the official Bluetooth stack for Linux and is a part of the Linux kernel [12]. 
 
Albert S. Huang mentions in “The Use of Bluetooth in Linux and Location Aware Computing” 
that there has been a lack of adequate technical documentation for Bluetooth development [13]. 
Huang is trying to explain Bluetooth programming in the context of Internet programming. For 
programming Bluetooth in Python, he suggests using pyBluez which is a Python library for the 
Linux Bluez stack. Huang explains that performing a Bluetooth device discovery in pyBluez 
takes at minimum 1.28 seconds. 
 
2.1.3 Radio Frequency Identification (RFID) 
 
In the paper “An introduction to RFID technology” the general concepts of RFID is presented 
[14]. RFID is a technology which enables identification from a distance without needing to be 
in the line of sight of the reader. The technology has become mainstream and is used for the 
handling of goods. RFID-tags can contain more information than barcodes. A tag can contain 
data about the manufacturer and product type along with the unique ID. The reader can read 
multiple tags in the same area. RFID is more expensive than printed symbols, but today it can 
offer more value than symbols and therefore make up for the extra cost. 
 
At a high level, it can be said that there are two types of RFID, passive and active. Active tags 
require either an external power source or an integrated battery. The source of energy 
determines the lifetime of an active RFID tag. Passive RFID has on the other hand infinite life 
and are small enough to fit in a label [14]. Figure 1 visualizes one sort of passive RFID tag with 
a pen to visualize the size. Tsai describes the different parts of a RFID tag in the paper “A Low-
Cost RFID Tracking and Timing System for Bike Races” [15]. A passive RFID tag has four 
parts, an antenna, a rectifier circuit, a modulator and an application circuit. The rectifier circuit 
powers the chip by making use of the energy coming from the electromagnetic wave coming 
from the reader. The application circuit determines what operations the chip should do when 
receiving a signal such as data processing, storage and controls the modulator for sending coded 
information to the reader via the antenna.  
 

 
Figure 2.1 Picture of one sort of passive RFID tag with a pen to visualize size.  
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“One commercial objective of RFID systems is to read, and charge for, all tagged goods in a 
standard supermarket shopping cart as it is pushed through an instrumented checkout aisle. 
Such a system would speed up the checkout process and reduce operational costs.” [14]. 
 
In the paper “Air Interfaces” it is presented how RFID operates at different frequencies [16]. A 
higher frequency generally means a longer range for passive tags; low-frequency tags operate 
at 30-300 kHz, high-frequency tags operate at 3-30 MHz, ultra-high frequency tags operate at 
300 MHz to 3 GHz. The range can vary between one centimeter to above ten meters.  
 
2.1.4 Software process models 
 
A general description of Software process models is presented in the book “Software 
Engineering” [17]. There are three generic process models which are widely used in software 
engineering practices, the waterfall model, evolutionary development and component-based 
software engineering. In the following section, different models are presented from the book 
“Software Engineering”. 
 
The waterfall model is a process which is in one direction. Firstly, the specification of the 
system is specified then the development phase begins, and it ends with validation of the 
system. 
 
Evolutionary development is an agile method that starts with just an idea; it skips the activities 
of the specification. The system is developed rapidly from unspecific specifications. The system 
is refined with stakeholder input to increase the quality. The authors mention that agile methods, 
allows small teams to spend more time on developing the system and on testing compared to 
the waterfall model.  
 
Component-based software engineering is based on components that are integrated together to 
form the desired system.  
 
2.1.5 Software architectural pattern 
 
In software design, there are commonly occurring problems; architectural patterns are a 
reusable solution for those common problems. Two typical patterns are Model view controller 
and Presentation-abstraction-control. 
 
2.1.5.1 Model view controller  
 
The book “Head First Design Patterns” describes the Model view controller [18]. The user of 
the system uses the controller, which manipulates the model and updates the view which the 
user sees. The view represents the graphical user interface; the controller determines how the 
user input is changing the view and model. The model holds all data, state and application logic. 
When those three things have a weak coupling, the software is flexible for significant changes.  
 
 
 
2.1.5.2 Presentation- abstraction control  
 
Qian et al. describes PAC in “Presentation-Abstraction-Control (PAC)” [19]. PAC was 
developed from MVC to support multiple agents. PAC has a hierarchy structure of agents 
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which makes it suitable for distributed systems, where each agent has their functionality and 
interface. Each agent has three components, presentation, abstraction, and control. Some of 
the benefits are that the agent can be reused and extended, it is easy to remove, replace or add 
a new agent.  
 
2.2 Related work 
 
To the best of the author's knowledge, the comparison proposed in this paper is the first that 
compare a Bluetooth and RFID-based tracking solution. RFID and Bluetooth have been used 
together before in solutions, for example in the article “Drawing on the Benefits of RFID and 
Bluetooth Technologies” the authors evaluate a solution which uses RFID for identification of 
different objects with RFID-tags and then uses Bluetooth to send the data from the RFID reader 
to the control PC [20]. 
 
The article “A new asset tracking architecture integrating RFID, Bluetooth Low Energy tags 
and ad hoc smartphone applications,” by Igor Bision et al. uses Bluetooth low energy to identify 
objects at construction sites, combined with a smartphone application and RFID tags to track 
item that entering and leaves storehouses[21]. Igor Bisio et al. discuss a possible solution which 
would use active RFID but concludes that the overall architecture cost will increase and 
therefore chose to use Bluetooth low energy tags. Passive RFID is discussed in the paper as 
well but would not be a feasible solution to identify objects in a wide area. 
 
In traffic data collecting Bluetooth and Wi-Fi has been investigated previously. As in the article 
“Evaluating Bluetooth and Wi-Fi sensors as a tool for collecting bicycle speed at varying 
gradient”, Eirin Olaussen Ryeng, et al. compares Bluetooth and Wi-Fi technologies to measure 
the time it takes for a bicyclist to come from point A to point B [22]. One of the primary 
objectives was to get an answer if Bluetooth and Wi-Fi provided reliable time it took for a 
bicyclist to travel from point A to point B. At each point equipment was placed, that would 
register the passing bicyclist time. In the controlled test the travel times were recorded manually 
as well and compared to the registered times by the sensors. In the test, the Wi-Fi sensor 
detected 38.1% and the Bluetooth sensor 73.5 % of the passing units. The mean travel time 
between point A and point B was manually recorded to 102 seconds while Wi-Fi reported 112.6 
sec and Bluetooth reported 100.3 sec. Eirin Olaussen et al. also did an open test where 499 
cyclists and 177 pedestrians were manually registered and passed point A and point B. Wi-Fi 
detected 84 travel times compared to Bluetooth that discovered one travel time. Because most 
of the travel times were registered by Wi-Fi, the results indicate that bicyclists and pedestrians 
bring few active Bluetooth units when traveling.  
 
Mei et al. also found small shares of active Bluetooth units among cyclists, 2-3% in open test 
[23]. In the transportation sector, it has also been concluded that the detection rate of 
Bluetooth is small, in the study “Analysis of vehicle detection rate for bluetooth traffic 
sensors: A case study in Maryland and Delaware” it was between 2,00% to 8,13% [24]. In the 
paper “Arterial traffic monitoring using integrated Wi-Fi-Bluetooth system” Lesani et al. 
detected less Bluetooth devices than Wi-Fi devices [25].  
 
In the article “Assessment of antenna characteristic effects on pedestrian and cyclists travel-
time estimation based on Bluetooth and Wi-Fi MAC addresses” Naeim Abedi et al. compares 
Wi-Fi and Bluetooth for cyclists with different antenna designs [26]. Naeim et al. conclude 
that a small antenna is optimal for slow runners and pedestrians while large antennas are 
optimal for cyclist and runners to be registered for traffic analysis with Wi-Fi and Bluetooth.  
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RFID timing solutions have previously been implemented and investigated. In the paper “A 
Low-Cost RFID Tracking and Timing System for Bike Races” Tsai implements and examines 
a RFID based time-tracking system for Bike races [15]. The system uses four antennas and has 
near one hundred percent read rate; the system has both been simulated and implemented on 
two major bike events. The system can use multiple checkpoints which are coordinated via an 
internet link. In the paper “Permanent RFID Timing System in a Track and Field Athletic 
Stadium for Training and Analyzing purposes”, Woellik et al. implements a permanent RFID 
loop beneath the finish line of the track field and a permanent RFID decoder on the side of the 
race [27]. Woellik et al. had a 100% read rate when the chip was mounted on the ankle or the 
chest of the runners, in a contest the detection rate of 100 % for chips mounted on the chest 
cannot be expected.  
 
There have been several attempts before to use Bluetooth for detection and identification in 
smart homes. In the work “Presence detection, identification and tracking in smart homes 
utilizing Bluetooth enabled smartphones”, Alaa Alhamoud et al. implements a cheap and low 
power Bluetooth based presence detection system [28]. Different algorithms have been tested 
to achieve the highest possible accuracy of the system. The authors chose to use Bluetooth 
instead of WLAN primarily of its lower power drain on the smartphone and that the signal is 
weaker which enables a better room level localization. Three different Bluetooth beacons were 
placed in three different rooms. The smartphone did a discovery search for thirty seconds each 
to retrieve RSSI values from the three beacons. These values and a timestamp where then sent 
from the phone to a central place where the algorithms executed.  
 
In the paper “Bluetooth positioning using RSSI and triangulation methods”, Yapeng Wang et 
al. investigate how well RSSI values can be used to position a phone in a controlled 
environment [29]. The experiment is based on an Android phone which receives different RSSI 
values from four different Bluetooth senders which are placed in the corner of the room. The 
phone did an average of six scan readings from the four Bluetooth senders. If a human body 
covers the phone, the RSSI value will decrease with six to eight decibels compared to when no 
human body was in the range. The conclusion was that the setup gave excellent results on the 
position of the phone when compared against the real position of the phone.  
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3. METHOD  
 
3.1 Research Method 
 
In “Experimentation in Software Engineering”, Claes Wohlin, et al. presents four different 
scientific methods for software engineering [30]. Engineering, possible improvements are 
proposed based on observation for a current solution and then evaluated with the original 
solution. Scientific, where a model is created from observation in nature. Empirical, 
experiments or case studies are conducted on a proposed model and evaluated. Analytical, 
empirical observation are used to assess a proposed theory. In this work, the Empirical scientific 
method was applied as the primary objective was to compare an RFID-based solution with a 
Bluetooth-based solution.  
 
In the book “What is This Thing Called Science?” Chalmers tries to bring clarity of what the 
scientific method is [31]. Chalmers writes, “A claim can only be said to be borne out by 
experiment if it has been severely tested by experiment, and a severe test of a claim, as usefully 
construed by Mayo, must be such that the claim would unlikely to pass it if it were false.”. 
Chalmers explains it further in the text that the result from an experiment which appears correct 
can be incorrect if not accurate measurement tools are used. He also proves his statement with 
Snell’s law compared to laws proposed in medieval times, if the tools have a significant margin 
of error it can be proved that the medieval laws are valid.  
 
 
3.1.1 Empirical method  
 
A general description of empirical methods is presented in “Experimentation in software 
engineering” Wohlin et al. [30]. There are mainly two approaches for research methods 
quality research and quantitate research. Quality research lets the findings come from the 
observation of an object in its natural setting. Quantitate research is trying to compare at least 
two groups or to quantify a relationship. The experiment is often done in a controlled 
environment where only a few parameters are changed. The data from the quantitative 
experiments can be analyzed with statistical methods. Wohlin et al. mention three different 
empirical strategies, survey, case study, and experiment. The Experiment strategies can be 
divided into experiment and quasi-experiment.  
 
Survey 
 
A survey is answered by a sample of people that represent the population. The sample is taken 
to answer either questionnaires or interviews. The data retrieved from the sample represents 
their knowledge and feelings about the object but is generalized as the opinion of the 
population. The collected data is used to draw conclusions about the purpose.  
 
Quasi-experiments 
 
Quasi-experiments are used when the object cannot be based on randomization but instead 
builds on the characteristics of the object. Statistically, methods are not possible to run on the 
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data if the experiments have not been run multiple times with different variables explains 
Wohlin et al.  
 
3.2 Selected Project Research Method  
 
The project has been developed in an Agile style with milestones as guidance and stakeholder 
demos for rapid feedback on the progress. Milestones in the project had a different focus on 
what should be done, in the early phase of the project the focus was on research, to gain a 
baseline of knowledge in the area. Later the focus has been on developing the hardware and 
software solution. An Evolutionary development process model was chosen for the software 
part, where focus could be on the functionality of the software. To manage and control the 
source code that was produced in the project, GIT [32] was selected as a version control system 
for the code in favor of Apache Subversion.  
 
To answer the different research questions, various methods for data gathering were chosen. In 
question Q1 and Q2, it was identified that a hardware prototype and an administration prototype 
were needed to be developed to test if it was possible to detect persons passing the checkpoint. 
An alternative to this approach would be simulating the solution or just simulate the 
administration prototype and match the Bluetooth ID with a person.  
 
For Q3 survey and quasi-experiments was executed for the data sampling. Quasi-experiments 
were performed on the implemented system and an RFID-based system. The reason for 
choosing Quasi-experiments was that the sampling number would be small, around thirty and 
different parameters would be difficult to control.  
 
A qualitative survey was chosen to get answers of how students would feel about the possible 
Bluetooth solution. The students were asked with rating their opinion in the different questions.  
 
3.3 Milestones  
 
In the project, milestones have been used to structure the project and to know when things 
should be done to finish the project on time.  
 
Milestone 1, have meetings with stakeholders and create requirements for the project, create 
the project plan. 
 
Milestone 2, research on Bluetooth and RFID and start identifying possible solutions based on 
Bluetooth for knowing when a Bluetooth device passes a Bluetooth checkpoint.  
  
Milestone 3, develop a Bluetooth checkpoint that can identify Bluetooth devices that are 
crossing the checkpoint and send the information to a central system.  
 
Milestone 4, design and implement the software solution for the administration system. The 
experiments to compare the Bluetooth and the RFID-based solution should have been stated.  
 
Milestone 5, finalize the software system so it could be used for having a competition. The 
results conducted between Bluetooth and RFID should be completed and presented.  
 
Milestone 6, write the report that presents the work and finalize the project for a final 
demonstration for stakeholders.  



 

15  

 
 
3.4 Project phases  
 
The project can be abstracted into different project phases. There is not a straight division 
between when one phase ends and the next starts. 
 
3.4.1 Prestudy  
 
The project started with investigations on previous research in Bluetooth and RFID-based 
solution for identification of tags. Different companies that provide time tracking for sports 
events were examined on which technologies they were using (if it was public visible). An 
initial requirement specification was created with one of the stakeholders of the project. The 
specification both covered the hardware part and software part. The requirements specification 
was an agile process, and the final version contains user stories, use cases, and administration 
graphically user interface. For further details about the requirements, see APPENDIX B.  
 
Different hardware components were investigated that would fit the Bluetooth-based solution 
well. Some of those components were: Arduino, Raspberry Pi, and Orange Pi. It was concluded 
to keep working with the Raspberry Pi 3 as the hardware was easily available and showed no 
sign of being inferior to similar hardware. Beyond that, the Raspberry Pi is also a well-
documented and cost-effective platform. Raspberry Pi has a cypress BCM43438 [33] Bluetooth 
combined with Wi-Fi chip [34]. The choice became Android smartphone because of lower cost 
and the reuse of conventional technology. 
 
In Figure 3.1 the solution is visualized of how the different components will communicate with 
each other. 
  

 
3.4.2 Development of the checkpoint and application 
 
The Bluetooth development on the Raspberry Pi 3 was done in the programming language C. 
A wrapper that executes and takes the Bluetooth program output as input were developed in 
Python3.  
 

Figure 3.1 All components in the solution 
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The Android application was developed in Java with Android developer studio. The application 
can activate and deactivate Bluetooth. It also shows the Bluetooth identification number of the 
smartphone.  
 
3.4.3 Development administration system  
 
High-level user stories were created of what the user should be able to do and what the outcome 
of the different actions should generate. Graphical user interface prototype was designed to 
show the stakeholders of how the final version of the administration system could look like. 
The prototype and the user stories were discussed with the stakeholders of the project. A system 
architecture design was created where the hardware part and software part were linked together. 
The administration system should be able to both handle the data from the Bluetooth prototype 
as well as the RFID-solution.  
 
The architecture design is based on the MVC model where the database is the model; the HTML 
pages are the view and Flask for Python are used as the controller. The architecture design can 
be found in Figure 3.2. The GUI is using template functionality in Flask which allows the site 
to update the interface dynamically. The features for the templates is implemented in Flask – 
Python. The information the user enters or retrieves is stored in the database. The application 
interface lets other applications make a POST request to the system. The information is then 
sterilized and handled in Python. Influx DB is the database where the sterilized information 
from the checkpoints will be stored. Figure 3.2 present an overview of the architectural design 
of the administration system. The API shown in Figure 3.2 is further described in APPENDIX 
E. 
 
  

 
 
 

Figure 3.2 – Architectural view of administration system 
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3.4.4 Verify administration system 
 
To check that the functions in the administration system behave correctly, Unit test and manual 
testing were performed. The manual testing has been done continuously through the entire 
development phase. Only manual testing has been done on the graphical user interface. 
 
3.4.5 Unit and automatic testing 
 
Automated testing has been done for some parts of the code to verify that it works. Another 
reason that automatic testing has been used is to make sure that previously working and 
implemented functionality are not broken when implementing new functionality.  
 
One example of a Unit test applied in this work can be seen in Figure 3.3. Unit test in Figure 
3.3 tries to verify that the function in Figure 3.4 is working and removes all non-alpha-numeric 
charters. 

  
Figure 3.3: Unit test that verifies that unwanted chars are removed 

 
The Unit test in Figure 3.3 tries to take the most relevant combinations of input and tests them 
in assertEqual with the wanted output. It checks the case where all chars are unwanted, and all 
chars should be removed, and an empty string should be returned.  
 

 
Figure 3.4: Removes all non-alphanumeric chars 

 
All the Unit test has been executed inside a code coverage tool that has noted which parts of 
the code that has been executed. The tool that has been used for code coverage is Coverage.py 
[35].  
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Integration testing 
 
Integration testing is used to verify that significant components of the software are working 
properly together and that it is not on a function level.  
 
Verification and validation  
 
Validation and Verification are used to understand if the system that has been developed is 
meeting the requirements and if the system fully satisfies the requirements.  
 
3.4.5 Experimentation 
 
Instead of using controlled experiments, quasi-experiments have been used where different 
variables have been observed under the study. Instead of controlled experiments where one or 
a few variables are manipulated.  
 
3.5 Experimentation design 
 
The experiments should give results which should be used to evaluate some of the research 
questions. The experiments are both dynamic and static, where the dynamic experiments mean 
that the tag is passing the reader with a known speed. In the static experiments, the tag is placed 
static at various distances from the reader. Table 3.1 further explains the objective dynamic and 
static experiments. The optimal point where the tag is read is directly in front of the reader with 
no angle and a straight line. The reason why this is important is that a timestamp for the 
contester should preferably be created when passing the finishing line and neither before or 
after the finish line. In Figure 3.5 the position of the tag and the reader is visualized and the 
angle of 0 degrees. 
 

 
Figure 3.5 visualization of tag placement in front of reader and 0 degrees angle.  

 
The Bluetooth solution will be compared to an RFID-system that has been developed by another 
team of researchers in the paper “Wireless Time Tracking using RFID and LoRa”1 that has the 
same knowledge as the author of the paper. In the future of this paper, the other authors RFID-

                                                 
1 M. Ekström and J. Nyhlén, “Wireless Time Tracking using RFID and LoRa,” Blekinge Institute of Technology, 
2017.   
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system will be referred to as simply RFID. The reason why the RFID system was not developed 
in this work was a lack of resources and time limitations but also that the hardware solution 
already existed. This work and “Wireless Time Tracking using RFID and LoRa” are similar in 
some ways but have different research questions and problems to solve. Therefore the research 
could not be combined.  
 
In the some of the experiments Sportident will be used besides, Bluetooth and RFID. 
Sportident is a professional timing system which has been used different competitions in 
Orienteering, for example in the Swedish Championship, World Championship and 
Oringen[36] [37] [38]. The reason Sportident is used is to see how a professional timing 
system performs compared to the developed systems. Normally the Sportident checkpoint is 
static placed on a point, but it is easy to move and to normalize the test set up the checkpoint 
has been positioned in the hand so it can be used as a long-range system.  
 

Table 3.1 Objective experiments 1 

Experiment 
№ 

Name Description Metrics 

 Dynamic experiments 
1 Accuracy 1 

static without 
disturbance 

How far from the checkpoint can 
RFID/Bluetooth tag be read while the angle 
is close to 0 degrees?  

Meters 

2 Accuracy 2 
static with 
metallic 
disturbance  

How far from the checkpoint can the 
RFID/Bluetooth tag be read if it has one 
loop of aluminum foil around it? 

Meters 

3 Accuracy 
dynamic 
without 
disturbance  

How far from the checkpoint can 
RFID/Bluetooth be read while the angle is 
close to 0 degrees at different speeds?  

Meters and 
Kilometers 
per hour 

4 Range 
Bluetooth 
signal 

How far from the checkpoint can Bluetooth 
tag send the signal and the checkpoint 
receive when having different metal around 
the checkpoint? 

Meters 

5 Reading 
reliability of 
tags  

How many percents of passing tags will 
Bluetooth, RFID, and Sportident system 
detect?  

Percent of 
total 
amount of 
tags 

 Static experiments 
6 Hardware Cost What is the hardware cost of the different 

components? 
Euro 

7 Weight 
checkpoint 

What is the weight of the checkpoint? Gram 

8 Weight 
identification 
tag 

What is the weight of the identification tag? Gram 

  Threats against validly of study  
9 Reading 

reliability of 
How many tags will the checkpoint read if 
there is no Wi-Fi at the outdoor area?  

№ Of 
reading 
tags of the 
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tags, no Wi-Fi 
at location 

total 
amount 

10 Reading 
reliability of 
tags, Wi-Fi at 
location not 
connected 

How many times will the checkpoint read 
the tag if the checkpoint is not connected to 
Wi-Fi? 

№ Of 
reading 
tags of the 
total 
amount 

11 Reading 
reliability of 
tags no Wi-Fi 
on checkpoint 

How many times will the checkpoint read 
the tag if the checkpoint has disabled Wi-
Fi?  

№ Of 
reading 
tags of the 
total 
amount 

 
A subjective experiment was conducted where the different systems did not tell anything useful 
on their own, but the data from the three system did. The RFID, Bluetooth, and Sportident 
system were compared against each other. Further explanation can be found in Table 3.2. 
 

Table 3.2 Subjective experiments between systems 1 

Experiment 
№ 

Name Description Metrics 

12 Time 
difference 
 

The RFID-system, Sportident system and Bluetooth 
system will be set up and compared to see what 
different times they give a runner passing by 
 
 

Seconds 

 
Figure 3.6 shows a graphical overview of experiment № 3. The cyclist attaches the RFID-tag 
to the hip and the Bluetooth-tag to the arm on the side where the readers are. First, the cyclist 
is passing the reader at 0.6 meters from the reader at approximal 5 km/h. Then the cyclist moves 
back to starting position and increases the speed with approximal 5 km/h until the speed is 
approximal 35 km/h. This was repeated until 3.6 meters. 
 

 
Figure 3.6 graphically dynamic experiment set up  
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The set up for experiment № 9,10,11 12 is similar as in figure 3.6 in the sense that the test 
person starts on one side of the reader and passes by the reader to the other side with attached 
tags.  
 
3.6 Dynamic Experimentation execution 
 
This developed Bluetooth solution in this work will be compared to a RFID system. Alien 2011 
and Frog 3D Smartrac will be used as RFID tags, and Sony Xperia M5 will serve as the 
Bluetooth tag. Those components will be utilized in the different experiments. If the speed is 
used in the experiment a bike with a calibrated speedometer is used. 
 
3.6.1 Experiment 1: Accuracy 1 dynamic without disturbance 
 
The experiment will be conducted indoor using a ruler to measure the distance between the tag 
and the reader. The reader will be placed on the floor with no objects in the reading field except 
the ruler. The reader is then started, and the tag is moved half a meter away from the reader 
until it cannot detect it any longer. When the tag is not detected any longer, it will be transferred 
to the last half meter where it was detected and then moved back to zero points one meter’s step 
until it is not any longer found. The last point where it is found will be the result of how far 
away the reader can detect the tag. This is done for both the RFID tags and the Bluetooth 
solution.  
 
3.6.2 Experiment 2: Accuracy 2 dynamic with disturbance RFID  
 
The experiment is done in the same manner as Experiment 1 except one layer of aluminum foil 
is wrapped around the tag. The aluminum foil that is used is ICA Basic* Aluminum foil. This is 
done for both the RFID tags and the Bluetooth solution.  
 
3.6.3 Experiment 3: Accuracy dynamic without disturbance  
 
The experiment is done on a track field outdoors. The readers are placed next to each other and 
point their fields in the same direction. A cyclist will pass by at an angle of zero degrees to the 
reader. The cyclist will have the RFID tag in the pocket and the Bluetooth tag on the arm in a 
smartphone case on the same side as the reader. The cyclist will pass the reader at intervals of 
0.6 meters, on each interval different speeds will be tested. The speed will increase with 5 
kilometers per hour. For the first interval, the speed will be, 5, 10, 15, 20, 25 and 30 kilometers 
per hour. Figure 3.6 visualizes this experiment.  
 
3.6.4 Experiment 4: Decrease Bluetooth signal 
 
This experiment only involves the Bluetooth part and is trying to reduce the signal to a smaller 
area. Two different metal boxes have been used, an Elfa K431 and a zinc box. Elfa K431 has 
thicker walls than the zinc box. A third option has been tested as well when the Elfa K431 is 
inside the Zinc box. The Raspberry Pi was placed inside each metal box one by one and tried 
to identify the Sony Xperia M5 at different distances. First it was at a close distance, less than 
a meter and then the distance increases until the Sony Xperia M5 was no longer detected. Angle 
in this experiment was close to 0. The experiment was conducted indoor and used a ruler as a 
measuring device for the distance.  
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3.6.5 Experiment 5: Reading reliability of tags 
 
This experiment will be performed indoors on Blekinge Tekniska Högskola were there would 
be strong Wi-Fi signals. Sportident will be used in the test since it is a professional system. The 
Sportident tag that is used is version 6. The Sportident checkpoint BSF8 was used. 
 
The RFID-system, Sportident system and the Bluetooth system will be set up on a line where a 
test person will be passing with a tag for each of the systems. The RFID-system and Bluetooth-
system will register when the test person passes with the tag. The Sportident system that will 
be used is a short-range system. The test person will have the Sportident reader in the hand and 
the Sportident tag on the contrary and let the system registered the tag when the line is passed. 
The Bluetooth Sony Xperia M5 will be placed on the left arm in the test. When the tag is found 
it will be noted down. See Figure 3.6 for visualization of the experiment. Note however that 
different speeds or distances from the reader was tested.  
 
3.7 Static Experimentation execution 
 
3.7.1 Experiment 6: hardware cost 
 
The hardware cost for the Bluetooth-based solution is calculated, without the Bluetooth tag 
since it is a requirement that the participants have a phone. The authors for the RFID-based 
system do not present all components of their system, so components that have similar features 
will be presented instead. The RFID-system cost will not be entirely accurate but should be able 
to give a hint of the cost difference between the two technologies. Each hardware part that has 
been used in the Bluetooth solution is searcht on various online shopping sites to get a price of 
the part which includes tax. This is also done for the RFID-system.  
 
3.7.2 Experiment 7: weight checkpoint 
 
The weight comparison will be based on what the different components are in the both systems. 
The weight of each hardware components of the both systems will be found via a scale. In a 
real situation, the RFID system might have to be placed on a score or Tripod to get the best 
performance of the system. The score or the Tripod will not be included in the weight. Tefal 
pp1001 was used for weighting the components.  
 
3.7.3 Experiment 8: weight identification tag 
 
Different RFID data tables will be investigated to see how much the tag weights. Specification 
for various Android smartphones will be gone through to see what the weight is. Figure 2.1 
illustrates one type of a RFID tag.  
 
3.8 Threats to validity of study 
 
3.8.1 Experiment 9 Reading reliability of tags no Wi-Fi at location 
 
The Bluetooth checkpoint will be placed outdoors with no close by Wi-Fi except the phone that 
shared Wi-Fi with the checkpoint. The Bluetooth tag will be placed on a test person who will 
pass by the checkpoint 25 times. The results will be stored on the checkpoint and collected for 
analysis after the experiment.  
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3.8.2 Experiment 10 Reading reliability of tags Wi-Fi at location not connected 
 
The Bluetooth checkpoint will be placed indoors with close to Wi-Fi but not connected. The 
Bluetooth tag will be placed on a test person who will pass by the checkpoint 25 times. The 
results will be stored on the checkpoint and collected for analysis after the experiment.  
 
3.8.3 Experiment 11 Reading reliability of tags no Wi-Fi on checkpoint 
 
The Bluetooth checkpoint will be placed indoors but with deactivated Wi-Fi interface (Ifconfig 
wlan0 down). The Bluetooth tag will be placed on a test person who will pass by the checkpoint 
25 times. The results will be stored on the checkpoint and collected for analysis after the 
experiment.  
 
3.9 Subjective Experimentation 
 
3.9.1 Experiment 12 Time difference 
 
The RFID-system, Sportident system and the Bluetooth system will be set up on a line where a 
test person will be passing with a tag for each of the systems. The test will be conducted indoors. 
The RFID-system and Bluetooth-system will register when the test person passes with the tag. 
The Sportident system that will be used is a short-range system. The test person will have the 
reader in the hand and the tag on the contrary and let the system registered the tag when the line 
is passed. The test person will wait one minute before passing the line again. The first timestamp 
will be subtracted from the second timestamp to see the difference in time the systems shows.  
 
The reference time will be calculated with a laser and a photoresistor. The laser is lightning up 
the photoresistor when the test person passes the Bluetooth and RFID reader the laser beam 
breaks. The photoresistor notices this lighting difference and reports the incident to a 
computer which sets a timestamp. The reference time is calculated with the first timestamp 
subtracted from the second timestamp.  
 
3.10 Survey 
 
A self-report survey has been created to get feedback from a sample population of what they 
think about the solution with using smartphones as an identification tag in races. The survey 
does not ask questions about the feelings they have about RFID. Instead, it focuses on their 
feelings about using their phone as a tag. Another focus of the survey is that it should be short 
and easy to answer to avoid students not completing the survey due to its length. The questions 
were designed to be unbiased which means, not hinting of what the survey is searching for.  
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The questions in the survey can be read below: 
 

1. Do you own a smartphone?  
 
2. On a scale from 1 to 7, how do you handle your phone? (where 1 was reckless, and 7 
is careful)  
 
3.1 Do you use your smartphone while running on a scale 1 to 7? (where 1 is never, and 
7 is always) 
3.2 On a scale 1 to 7 what do you think of using a smartphone for time tracking during 
a race? (where 1 is suitable, and 7 is unsuitable). 
3.3 Is the weight of the phone something that impacted your answer in the last 
question? 
3.4 What challenges do you see with using a smartphone for time tracking in a running 
competition? 

 
The self-report survey was given personally to students that have lots of experience with 
running competition and student that have no such experience. The survey was created in 
Google forms.  
The question 1 and 3.1 were answered with yes or no. For question 2, 3.1, 3.2, a scale from 1 
to 7, was used to collect the answers. The scale had opposite words on each side of the scale.  
 
The question 3.4 used a free text form for the student to give additional feedback on what 
challenges they think the system has. In APPENDIX C, the questions of the survey can be found.   
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4. RESULTS 
 
4.1 Development 
The source code developed in this work has been handled by GIT, which has simplified the 
sharing of the code and makes the changes in the source code easy to follow.  
4.1.1 Development of checkpoint and application 
The checkpoints Bluetooth search functionality was created in the programming language C. 
The inquiry time of the checkpoint is 1.25 seconds before the result is returned. The result of 
the inquiry only returns unique devices. It is not possible to know how many times a specific 
device has been found under the 1.25 seconds. Only 255 unique devices can be found in the 
1.25 timeslot. If more than 255 devices are found the software will get a stack overflow and 
crash.  
A Python script was created around the Bluetooth search function which takes the output from 
the Bluetooth search as input and sends it as a post request to chosen destination. If the selected 
destination is unavailable the python script crashes.  
The Bluetooth checkpoint is visualized in Figure 4.1 where the software is run on a Raspberry 
Pi 3.  
 

 
Figure 4.1 Bluetooth hardware checkpoint 

The Bluetooth application visualized the Bluetooth mac address for the phone and gave the 
user an opportunity to activate and deactivate the Bluetooth. When the Bluetooth has been 
activated via the phone, it stays in discoverable mode until either the user turns off the 
Bluetooth or the phone turns off, nothing happens if the user turns off the application. The 
phones Bluetooth mac address can be found in the application windows and is presented with 
12 hexadecimal. The application is visualized in Figure 4.2. The full Bluetooth mac address is 
not presented in Figure 4.2; the last four hexadecimal are hidden. The application is fully 
functionally on a Sony Xperia M5 Android smartphone.  
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Figure 4.2 Screenshot of Android Bluetooth application 

 
4.1.2 Development of administration system 
The administration system has been developed using Python and different python libraries. The 
administration system is web based, uses Flask as a framework and SQLite to store the 
competitions, competition setup and the competition runners. The result was first stored in 
InfluxDB, but it was not a feasible solution since it only allowed unique timestamp values from 
the same measurement point. Instead, SQLite was used. The decision to swap databases 
impacted the plans to integrate Grafana to the solution for visualizing data which is skipped.  
The functionality that was implemented consist of creating, update and remove competition. 
While creating competition the user of the system can insert a name of the new competition and 
save it. When the user updates the competition, checkpoints can be inserted, the name of the 
checkpoint, the checkpoint id, and the distance the runner must run until passing the checkpoint. 
The ID is the unique number that a checkpoint needs to have to differentiate them.  
The user of the system can also add and remove participants of the race. When adding a 
participant, a name and tag are required. A team name and a competition number is possible to 
add as well but is optional.  
 

4.1.3 Unit and automatic testing 
Unit test has been implemented that tests the core functionality of the administration system. 
The code passes all the Unit tests.  
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The Unit test was executed inside the tool Coverage.py the test line coverage report is shown 
in Table 4.1. In Table 4.1 it is possible to see that two hundred one lines are not tested for the 
view.py which is the main file.  
 

Table 4.1 Unit test line coverage report 

 
 

4.2 Dynamic experiment 
 
4.2.1 Experiment 1: Accuracy 1 static without disturbance 
In Accuracy 1 static without disturbance experimentation, the Bluetooth-based solution could 
send signals to the checkpoint longest away from the checkpoint. Both the RFID tags could 
communicate 3.5 meters away from the checkpoint. The results are visualized in Figure 4.3.  

 
Figure 4.3: Accuracy 1 static without disturbance 1 

 
The results show that Bluetooth has a better range than passive RFID, which was not a surprise. 
Even when the system is not a short-range system the range that Bluetooth offers is too high 
for a competition checkpoint. It is not feasible to have a checkpoint which can detect runners 
that are fifty meters away in any direction.  
 
4.2.2 Experiment 2: Accuracy 2 static with disturbance RFID 
 
The result shows that with a thin layer of aluminum foil it is no longer possible to read the 
passive RFID-tag, Alien 2011 or Frog 3D, for Bluetooth it was not a problem. The aluminum 
foil reduces the signal strength, and if the reader is powerful enough and the distance is short, 
it could be possible to read the RFID-tag. Sony Xperia M5 could still send back a signal at 4.5 
meters away. The results are summarized in Table 4.2.  

0 10 20 30 40 50 60

Distance meters

Accuracy 1 static witout disturbance

Bluetooth Sony xperia M5 RFID Frog 3D
RFID Miller Engineering
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Table 4.2: Accuracy 2 static with disturbance 

Tag Technology Distance 

Sony Xperia M5 Bluetooth  4.5 meters 

Frog 3D RFID 0 meters 

Alien 2011 RFID 0 meters 

 
 
4.2.3 Experiment 3 Accuracy 2 dynamic without disturbance  
 
For the Bluetooth solution, the results showed that a maximum of 38 kilometers per hour could 
be registered by the checkpoint at 0.6 meters. No faster speed was tested. At 3.5 meters the 
checkpoint could read tags at 10 kilometers per hour. The results from the experiment can be 
seen in figure 4.4.  

 
Figure 4.4 Experiment 4, testing Bluetooth dynamic with no disturbance 

 
The RFID solution could read tags that passed by in 38 kilometers per hour at 0.6 meters. At 
1.20 meters, the speeds that the tag could be read at was 10 kilometers per hour. After that 
distance and speed, the tag could no longer be read by the RFID-system. The results are further 
visualized in Figure 4.5.  
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Figure 4.5 Experiment 4, testing RFID dynamic with no disturbance 

 
From the results of Experiment 3 for Bluetooth and RFID, it can be concluded that Bluetooth 
performed better in the comparison. The performance was significantly better for the Bluetooth 
technology based solution, which was expected. When the Bluetooth checkpoint had the Elfa 
k431 metal case, the results were still better than RFID.  
The Bluetooth results show that the solution is working at higher speeds and distances up to 
three meters away to detect smartphones.  
 

4.2.4 Experiment 4: Decrees Bluetooth signal 
The results of Experiment 5, show that when the Raspberry Pi 3 has no case, the distance it 
could detect the Sony Xperia M5 was 50 meters. If the Elfa k431 metal case was placed around 
the Raspberry Pi 3, the range did decrease to 8.5 meters. The results from the experiment can 
be seen in Figure 4.6.  

 
Figure 4.6: Range test for Bluetooth Raspberry Pi 3 
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4.2.5 Experiment 5: Reading reliability of tags 
Sportident had a 100 % read rate, 80 times out of 80. Laser reader had a 100% read rate, 78 
times out of 78. The laser reader was not power in two samples. RFID system had a 100% read 
rate, 77 times out of 77. Bluetooth only succeeded 51 times and did miss the tag 29 times, the 
Bluetooth result in percent is illustrated in Figure 4.7. 
 

 
Figure 4-7: Bluetooth detect rate of Sony Xperia M5 

 
From the results obtained in the experiment, it can be concluded that the RFID-solution is 
preferred over the Bluetooth prototype system regarding detection rate of tags.  
 
4.3 Static experiment  
 
4.3.1 Experiment 6: Hardware cost  
The cost comparison between the actual Bluetooth system and an estimated RFID Arduino 
system indicate that Bluetooth is cheaper than an RFID-long range system if the read range 
should be similar. An estimated Bluetooth system could have a similar price as the estimated 
short-range system. In Figure 4.8 the cost is visualized for the different checkpoints. A RFID 
tag cost 0.5 euro but are cheaper in larger batches. See APPENDIX A for further details about 
the cost of various components of the systems.  
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  Figure 4.8 Hardware cost for compared system and estimated equipment cost 
 
4.3.2 Experiment 7: Weight checkpoint 
The Bluetooth solution weight less than the RFID-based solution. The RFID antenna weighted 
more than the Bluetooth solution. The RFID solution contains a RFID antenna, Arduino Mega, 
and battery; the total weight is 3.4-kilo grams. The weights are presented in Table 4.3 
 

Table 4.3 Weight of the two compared systems  

Name Bluetooth 
checkpoint  

RFID-antenna 
solution 

Arduino Mega Antenna 
battery 

Weight (kilo 
gram) 

0.6  1  0.1  2.3  

 
The Bluetooth solution was weighted with a metallic case which is needed to reduce the strength 
of the signal. The RFID-system was weighted without a cover which would be necessary for 
the system to be used in real environments.  
 
In the RFID system total weight, there was a large battery compared to the small battery in the 
Bluetooth solution. There has been no comparison between how long the two systems can run 
before the power runs out. 
 
4.3.3 Experiment 8: Weight tag 
The tested smartphone weight is 143% more than the Frog 3D and Alien 2011 RFID tag. The 
smartphone LG k3 is fifteen grams lighter than Sony Xperia M5. Further data can be found in 
Table 4.4.  
 

Table 4.4 Comparison between weight of RFID and Smartphone with Bluetooth 

Technology Bluetooth Bluetooth Bluetooth RFID RFID 
Name Sony Xperia 

M5 
LG k3 Samsung 

galaxy s8 
Frog 3D Alien 2011 

Weight 
(gram) 

143 128 151  1 1 

 

4.4 Subjective experiment  
 
4.4.1 Experiment 12 Time difference 
 
The results from Experiment 10 show that out of thirteen samples Bluetooth has the largest 
difference from the reference time. At sample number five the time Bluetooth reported was 
4.184 seconds slower than the time reported by the reference time. At sample number ten 
Bluetooth reported a 2.115 faster time than the reference time. RFID-min was 1.102 seconds 
slower than the reference time at sample twelve. Sportident was at sample number 7 0.715 
slower than the reference time. The time reported back from Sportident and Bluetooth was in 
seconds while the reference time and RFID-time were in seconds and milliseconds. For the 
results of all samples from the experiment see Figure 4.9 
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Figure 4.9 Time difference between systems in different samples 

 
In figure 4.10 the mean value for Bluetooth, Sportident, Reference time and RFID-min time is 
visualized. The average value has been calculated from all the sample data.  
 
In Figure 4.11 the mean difference from the reference time has been calculated. In the Figure 
4.11, the reference time is zero. Sportident has the value that is closest to the reference time 
with 0.07 seconds. Bluetooth has the least precision and has over 0.6 seconds from the 
reference time. RFID has a precision 0.45 seconds.  
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Figure 4.10 Meantime difference between systems 

 

 
Figure 4.11 Mean difference time from the reference time.  

 
4.5 Threats to validity of study 
 
4.5.1 Experiment 9 Reading reliability of tags no Wi-Fi at location 
Out of the 25 times, the tag passed by the tag was only read six times 24% of the times.  
 
4.5.2 Experiment 10 Reading reliability of tags Wi-Fi at location not connected 
Out of the 25 times, the tag passed by the tag was read each time.  
 
4.5.2 Experiment 11 Reading reliability of tags no Wi-Fi on checkpoint 
Out of the 25 times, the tag passed by the tag was read each time.  
 
4.6 Survey 
The result from the survey were 19 students were asked shows that:  
 All students own a smartphone.  

14 of the students are considering themselves to be more careful than reckless with 
their smartphone.  
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Five students have never used their phone while running and another six have almost 
never. Two students never run without their phone.  
Nine students think it is suitable to use the phone for time tracking with an additional 
three which are neither positive nor negative. Three student believes it would not be 
suitable to use the smartphone for time tracking during races.  

 
Challenges that the sample group thought of, about using a smartphone as a tag was: 
 

• Battery 
• Disturbing  
• Accuracy  

 
4.7 Thesis question answers 
 
From the experiment data and the development, all the research questions have been 
answered.  
 
Q1: How would it be possible to use a smartphone with a Bluetooth chip to identify a 
phone/person when passing a checkpoint? 
 
It is possible with the developed system. The Bluetooth ID is first registered in the 
administration system, and then the system can match that person with the unique Bluetooth 
address.  

 
Q2: How it be possible to develop a system which can be used as time tracking for small races 
based on Bluetooth? 

 
For some races, the competition needs to accept the time accuracy of the results and the system 
should not be used for important race. For the system developed in this work, a backup system 
is needed since the read rate is only 64 %.  
 
Q3: What are the benefits/drawbacks of using passive RFID or Bluetooth transponders/tags in 
field/track systems? 

 
If the system needs to detect all tags at all time, the Bluetooth prototype in this work is not an 
option. 
 

Q3.1: Which solution with a range at least one meter is the cheapest based on hardware? 
 
Experiment № 6 shows that the Bluetooth system is cheaper than an RFID-technology 
system. This is the case since we assume the participants has a smartphone that can be 
used as a tag.  

 
Q3.2: What happens if the tag is passing the checkpoint on different distances with 
different speeds? 

 
Both RFID and Bluetooth performed similarly in Experiment № 4 at 0.6 meters, but 
further away Bluetooth performed better at higher speeds.  
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 Q3.3: Which technology enables the tag to be read furthest away from the reader? 
 

In experiment 1 it is shown that Bluetooth can be read more than the triple distance 
away as RFID in all directions.  
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5. DISCUSSION 
 
5.1 Development  
 
5.1.1 Result database 
First, influxDB was used as the database where the participant’s timestamps were stored. It was 
easy to insert the time data, and there were no performance issues. When the data was going to 
be sorted and extracted from the database to visualize the final results, it became complex. The 
reason was that the data could only be sorted based on the timestamp of the entry. The 
timestamp of the entry was not the time the participant was passing the checkpoint; it was the 
time when the runners time were inserted in the database. It would be possible to solve this 
challenge, but then more problem would come such as the case where two runners pass the 
checkpoint at the same time, the timestamp in influxDB needs to be unique, so one of the 
runner’s entry would be overwritten [39]. Instead, SQLite was used which made the solution 
simpler but impacted the plans on using Grafana to visualize different statistics from the time 
data. Other ways to visualize the data could be implemented, for example, a simple function 
could calculate the mean time of the race.  
 

5.1.2 Unit and automatic testing 
As mentioned in the results, all the tests are passing which is good, but not all functionality in 
the system are tested. Neither is it sure that all functions need to be tested automatically since 
they have been tested manually and are working properly. The functions that are passing the 
test could give a false sense of security that the software is working properly since not all 
different combinations are tested. This also applies to the manual testing; the manual testing 
has been done in a web browser where different input fields are used. What would happen if 
the user uses another browser than the tested one, or to write their program to do it? What we 
can know for sure is that doing some testing is better than doing no testing.  
 

5.2 Dynamic experiment  
 
5.2.1 Experiment 1: Accuracy 1 static without disturbance 
 
The longer range that Bluetooth offers compared to RFID could be desired, for example, the 
Bluetooth-based solution could be used for an automatic check in. When the person is close to 
the checkpoint, the user’s smartphone is detected, and it checks if the user exists in a specific 
database. If there is a match, the person is added to the database. This could theoretically be 
applied to airport check-in for example.  In the paper “BlueID: A practical system for Bluetooth 
device identification”, Jun Huang et al. discusses the vulnerability issues with the Bluetooth 
Mac address which is easy to replicate [40]. The Bluetooth solution could also be used to tag 
physical objects as Bision et al. has done, see related work for further explanation.   
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5.2.2 Experiment 2: Accuracy 2 static with disturbance RFID 
 
The intention of the experiment was to see what impact aluminum foil had on both technologies 
and how fragile they are in an environment with disturbance. It can be concluded that it is easier 
to disturb RFID with aluminum than Bluetooth. 
 
5.2.3 Experiment 3 Accuracy 2 dynamic without disturbance  
The RFID technology based solution provided more insight in the results since it was possible 
to see how many times the reader had read the tag for different speeds compared to Bluetooth. 
This could mean that even when though Bluetooth performed better in the overall experiment 
RFID could have a better performance for five kilometers per hour at sixty centimeters since it 
is possible that it read the tags more times than the Bluetooth solution. The number of times the 
tag has been read would be another interesting parameter to know, to draw more conclusions 
from the result.  
The result of the experiment of the RFID-solution was significantly different from the result in 
the RFID-researches own test but also from Experiment 1 where the distance was tested static. 
The difference between the static experiment and the dynamic was the speed and the power 
source of the RFID-reader. If the energy source has impacted the reader, it could mean that the 
range the RFID-reader can read decreases when the source of energy drops. One could now 
believe that with increasing the power of the RFID reader the tag could be read at longer 
distances, it is not easy because of laws that regulate the field power and health risks for humans 
that are in the power field for extended periods. 
 

5.2.4 Experiment 4: Decrease Bluetooth signal 
As seen in Figure 4.6, the range was far superior without a metal case. The Raspberry PI still 
identified the phone when it was at 50 meters away without a case.  
This behavior was not a surprise, but over expectation since the phone uses an internal battery 
and not an external power supply and uses Bluetooth 4.1 which is also known as Bluetooth low 
energy. Aluminum foil was tested to block the signal, but the signal strength did not decrease 
as much as needed. Instead of using aluminum foil a metal box ELFA k431 were used and 
reduced the signal strength to an acceptable level, where the checkpoint would not find the 
phone more than 9 meters away from the checkpoint.  
 

5.2.5 Experiment 5: Reading reliability of tags 
 
The result for Sportident was as expected from a professional system. The laser reader and the 
RFID-system also had a high read rate compared to Bluetooth. The read rate from Bluetooth 
was very low, this was not expected. The low read rate for Bluetooth does not fit well with the 
result from the other experiments. For example, tags speed and distance to the reader was lower 
than in the dynamic experiment. Probably this indicates that there is some problem with the 
data from the experiment. The low read rate from the experiment must be further experimented 
and analyzed to understand if the problem is a fundamental technological Bluetooth problem 
or if it is the implemented prototype.  
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5.3 Static experiment  
 
5.3.1 Experiment 6: Hardware cost 
 
Since it is presumed the participant has access to a smartphone (see survey result) the 
smartphone cost can be removed from the price cost of the system. Passive RFID-tags are very 
cheap and could be collected after the race to be reused. Bluetooth would be a more expensive 
solution if the contest had to buy smartphones to the runners. 
 
An alternative solution to the Raspberry Pi checkpoint would be to use a smartphone instead 
then the hardware cost could potentially be zero if the organizers use a private phone. This 
means that the Bluetooth solution could be used without spending any money on hardware. 
Note the reader, the Raspberry Pi application is not compatible with a smartphone and needs to 
be ported for working.  
 
5.3.2 Experiment 7: Weight checkpoint 
 
The weight of both the checkpoints is low and makes both system portable and flexible to use.  
If the detection area for the RFID solution should be bigger more antennas is needed for the 
system, more antennas will increase the weight and they need to be mounted somehow. A score 
could be used to install  multiple antennas underneath such as Tsai did in his research about a 
low-cost bike timing system [15]. A score would enormously increase the weight of the RFID-
system and decrease the flexibility of the system compared to the Bluetooth system.  
 
5.3.3 Experiment 8: Weight tag 
 
The difference in weight is very noticeable, the RFID tag could be attached to the sweater, and 
the runner won’t notice it. The survey points toward that the weight of the tag (smartphone) is 
not the main problem for Bluetooth but instead how bulky the smartphone is.  
 
5.4 Subjective experiment  
 
5.4.1 Experiment 12: Time difference 
The results show that there is a time difference between the reference time and the time that 
Bluetooth reports. The results point toward less time difference than concluded in previously 
done research studies such as Eirin Olaussen Ryeng et al. [22]. Probably the time difference 
would be like Eirin Olaussen Ryeng, et al. results regarding Bluetooth compared to manual 
time tracking if not the antenna area had been decreased with an Elfa k431 metal case.  
The results show that Bluetooth would not be suitable for a timing system for time critical races 
but could be used for races where the time can differ a few seconds. RFID had a better result 
and would be more time accurate and therefore more suited for critical races. RFID was almost 
as accurate as Sportident in the worst-case scenario.  
Sportident adds an extra moment to register; the participant must remember to put the tag in the 
hole of the checkpoint to be recorded. This forces the runner to slow down to achieve the 
registration. If the participant forgets this or does not put the tag in the hole of the checkpoint, 
it would not register the participant’s tag. This is not the case for RFID or Bluetooth where the 
participant only must pass by in the close area without the need of slowing down. 
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The calculation of mean times and mean difference time from the reference time is showing 
that Sportident is considerable better than both Bluetooth and RFID in time precision which is 
surprising since it only has a precision of one second. The difference would be smaller if the 
worst results for both RFID and Bluetooth would be removed from the calculation since they 
have a large impact on the precision and thus not represent the full set of data for the different 
technologies.  
 
The RFID time could be calculated differently than just by taking the first timestamp for the 
tag. Instead of just taking the first value a mean value for all the tag readings passing the reader 
could be taken. The mean value could give a better time value than RFID min.   
 

5.5 Threats to validity of study 
 
From the results of experiment 6 Reading reliability of checkpoint, Bluetooth had a read rate of 
around 60% which mentioned above in 5.2 Experiment 6 Reading reliability is like previously 
done research in this area regarding Bluetooth. In the experiment 3 Dynamic Accuracy 2 
dynamic without disturbance, the result regarding Bluetooth low read rate could have affected 
the result and thus at different distances it could have been read at higher speeds or longer 
distances. When the Bluetooth did read, the tag is not affected by the low read rate of Bluetooth.  
 
Those concerns regarding the mentioned threats against the validity of the study above have 
been further investigated in the experiments under section 4.5 Threats to the validity of the 
study. As stated earlier the checkpoint uses Cypress BCM43438 chip which has integrated Wi-
Fi and Bluetooth on the same circuit and uses the same antenna to receive Bluetooth and WLAN 
signals; it is supported to do this simultaneously [34]. Users on different forums who uses 
Raspberry Pi 3 reports problems when using Bluetooth and Wi-Fi simultaneously [41] [42] 
[43].  
 
Since the detection rate of tags was low at the checkpoint, the checkpoint developed in this 
work could be suffering from the same problem and not be a technological Bluetooth problem, 
therefore, experiment 9, 11 and 11 were done which tries to clarify this issue. From the result 
of experiment 9 were the Wi-Fi and Bluetooth was activated at the same time the detection rate 
was low, only 24 % of the passing by tags were detected. On experiment 10 the reading was 
100 %, and the WLAN interface was not connected but still active on the checkpoint. In 
experiment 11 the WLAN interface was deactivated, and the read rate was also 100 %.  
 
These three experiments result points that the detection rate of Bluetooth is high when WLAN 
is not used. The results indicate that Bluetooth potentially could have performed better at the 
Accuracy 2 dynamic without disturbance experiment.  
 
The Bluetooth solution has not been implemented with one Bluetooth chip and another one for 
Wi-Fi chip since there were no resources for this.  
 
5.6 Survey 
 
When the sample group was asked for challenges with using a smartphone as a tracking device, 
only one was worried about dropping the phone and breaking it. The biggest problem seems to 
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be, that the sample group did not know where to store the phone and that it could distract them 
during the race. The battery life and accuracy was also a concern.  
 
The survey did not take up any question regarding RFID-technology, but most of the major 
concerns are not a problem for passive RFID. Battery life, bulkiness, and storage problem 
should not be a problem since the tag is small and weight around one gram. Figure 2.1 illustrates 
a RFID Alien 2011 tag.  
 
Many of problems mentioned in the answers could be worked around if the smartphone 
application was developed on smart watched. If the application were on smartwatches the 
concerns regarding storage and bulkiness of the tag would probably disappear.  
 
To further analyze the results from the survey and draw more conclusion about the opinions of 
the system the survey could at least have two more question, one about which age the person is 
and how frequently the person run races. Those parameters would be interesting since now the 
answers from people who never run a race cannot be differentiated from those that are 
frequently racing. The age would be interesting since different generations could have different 
opinions of using the smartphone as a tag for races.  
 
In the survey, the positive answers were on the right side of the number scale except for one 
question except “On a scale 1 to 7 what do you think of using a smartphone for time tracking 
during a race”, where suitable was on the left side while unsuitable was on the right side. If the 
student was not paying attention to the scale, a positive answer could have become on the 
negative side of the scale vice versa. The survey is attached in APPENDIX C.  
 

5.7 Sustainability, Ethical and Legal Aspects of Research 
Development 
 
5.7.1 Sustainable aspects  
 
One of the most used definitions of sustainable development according to [44] “meet the needs 
of the present without compromising the ability of future generations to satisfy their own 
needs.”. The corners in sustainability are, environmental, social and economic areas [45],  
which have different relevance for the work.  
 
In Software Engineering, Environmental Sustainability refers for example to the hardware the 
system is using. There are various ways to ensure software sustainability such as technical 
preservation where the software developed does not rely on the hardware [46]. The Bluetooth 
prototype developed in this work did use BlueZ which is an actively developed part of the Linux 
Bluetooth stack which started to be developed in the year 2000. The programming language 
used was C which was first released in 1972. The administration system uses Python (1991) 
and Flask (2010) which are two actively developed technologies. All those technologies are 
supported by any modern hardware running Linux Raspian (not tested on other systems) and 
for the administration system Windows 10 (not tested on an older system).  
 
The checkpoint solution is modular, and it is possible to change a part if it breaks. If the battery 
is broken, it is just to plug in a new one, or if the Raspberry Pi 3 is broken, the board could be 
exchanged with a new one. When the Raspberry Pi 3 hardware is not used for Bluetooth time 
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tracking it can be used as a regular computer. Therefore it is more flexible than a dedicated 
solution such as Sportident. The Android application can be run on preexisting technology. 
Instead of using Bluetooth beacons which probably would be needed to be produced and bought 
into the competitions. Beacons could potentially have a larger environmental impact than the 
Android application.  
 
There could be an economic gain from the work since understanding the difference between 
Bluetooth and RFID could lead to better technological choice in future systems to keep the cost 
down.  
 
5.7.2 Social and Ethical Aspects  
 
The proposed system could potentially be used by different sports clubs for a smaller cost than 
today’s available systems. If organizations use the system and save money by using it the money 
could be used to increase the quality of the club as well as activate and recruiting more  
people.  
 
The software developed in this work has been documented both regarding limitations as well 
as a description of how to use it. The stakeholders of this project have been continuously 
updated of the progress through the project.  
 
5.8 Discussion about other interesting areas of solution 
 
5.8.1 Traffic data collecting 
 
As seen from the related area of works there is a need for increased Bluetooth detection rate. 
The Android application presented in this work is simple yet efficient on starting Bluetooth and 
forcing it to keep going. The system in this work could be used to monitor traffic and possible 
increase the detection rate if it is possible to convince drivers to install the Bluetooth application 
on the phone which will make the Bluetooth discoverable.  
 
5.8.2 Home surveillance  
 
Two other examples of possible use of the Bluetooth solution is to keep track of which room a 
person is. Another one is to keep track that the individual is staying at the house, for example 
in house arrest or in an elderly care center where the patients are not allowed to leave the facility 
on their own, but legally the doors cannot be looked since they are not prisoners there.  
 
For the first example the checkpoints could be placed at door frames, and when the person 
enters the room, it is detected by the system which reports this to the administration system. 
This could be placed inside the frame to the bathroom and if the person stays too long inside an 
alarm could be triggered, and a family member makes a call to the individual to make sure 
everything is fine.  
 
The second example could use a slightly modified checkpoint developed in this work, a 
checkpoint without the metal case. If the checkpoint has not seen the Bluetooth ID for a period, 
an alarm could be triggered.  
 
The second example does not take in consideration that the person in house arrest can just put 
the phone away.  
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5.8.3 Swimming detection 
 
The Bluetooth prototype could be used in swimming competition to make sure that a person 
has passed a specific position in the water. In this situation, the time is not an important factor 
but the detection rate of the system. If the detection rate of the system can be accurate, swim 
checkpoints in the water can help preventing drownings because of the information provided 
that a swimmer has not passed a certain checkpoint. The checkpoint would be placed besides 
the swimming track in a boat where all swimmers should pass by. The system should show 
which swimmers that has not passed the checkpoint. When all the swimmers has passed the 
checkpoint and there is still one swimmer that has not passed the checkpoint, the organizers 
could start searching for the lost swimmer. If those checkpoints are placed close to each other 
the area the organizers has to search for the lost swimmer deacreses and the swimmer can be 
found faster. Also if the swimmer for some reason starts to swim back to the starting point, it 
could be registerd in the system and the organizer could help the swimmer back.  
 
This could also be done with the RFID system but the price tag could be to high to implement 
the solution.  
 

5.8.4 Check in solution 
The proposed Bluetooth prototype can detect tags at ranges up to fifty meters, with a small 
modification it could be used to check in people that arrive at certain locations automatic. It 
could be used to check in people arriving in, for example, the airport when they enter the airport, 
the system automatic register their Bluetooth address and automatic check them in. 
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6. CONCLUSIONS 
 
The Bluetooth system that was developed as a prototype could be used at different races with a 
lower cost than the RFID-based system. It is only possible to use the Bluetooth system if the 
runners accept a more inaccurate system and using their smartphones as a tag as well. A backup 
system should be placed at the finish line since a tag could pass by unregistered. The system is 
not suitable for professional competitions because of its inaccuracy and lack of registering tags, 
the biggest concern from the sample group was that the smartphone is bulky and hard to wear.  
 
It is also concluded that a working Bluetooth system with similar performance as an RFID-
system can be used to track runners (items). The range of Bluetooth is longer than passive RFID 
which is a problem in this type of application. But not in an application where the goal is to 
track items on a construction site as Igor Bision et. al. presents in “A new asset tracking 
architecture integrating RFID, Bluetooth Low Energy tags and ad hoc smartphone applications” 
[21]. 
 
The theoretical framework and results show that even though Bluetooth is implemented to be 
used as a personal network and RFID are implemented to track item they work similarly and 
that Bluetooth could be used to identify items without the pairing procedure. But not with a 
perfect accuracy but as a complement to other technologies such as video cameras.  
 
The administration system that has been developed to the Bluetooth time tracking prototype is 
working and makes it possible to use the prototype as a checkpoint in a real environment and 
track tags.  
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7. RECOMMENDATIONS AND FUTURE WORK 
 
In this work, only passive RFID has been investigated and only two different tag types. The 
result for active RFID is probably going to be more like the result obtained from Bluetooth but 
with less flexibility and high infrastructure costs.  
 
For Bluetooth as a technology, it could be of big interest to investigate if the result achieved in 
this report would be different if different tags types such as a smartwatch with Bluetooth or an 
iPhone were used.  
 
The solution with decreasing the Bluetooth checkpoint signal strength is not an optimal 
solution, if a directed signal beam could be utilized for Bluetooth, potentially Bluetooth would 
perform differently from the results in this work. An alternative to reduce or direct the signal 
would be to use the received signal strength indication to potentially get a more accurate 
knowledge of when the smartphone is passing the checkpoint. There are also different Bluetooth 
chips on the market; the tested chip is BCM43438 [33]. Mentioned in section 5.5 the solution 
should be tested with Wi-Fi and Bluetooth not implemented on the same circuit since the 
prototype has problems with using Bluetooth and Wi-Fi simultaneously.  
 
The inquiry time for Bluetooth in this work is 1.25 seconds this time could not be reduced any 
further without changing in the underlying Bluetooth implementation. But with a smaller 
inquiry time, the Bluetooth solution could have given more accurate time, since now the worst-
case scenario (if the tag is read exactly at zero degrees) when the tag is read direct and then first 
returned to the software after 1.25 seconds.  
 
Another interesting area for further works would be what happens when more than one tag, 
both for RFID and Bluetooth passes by the reader. How would this affect the results?  
 
The solution could be implemented and tested on different hardware both regarding the choice 
of Raspberry Pi 3 and different Bluetooth chips. Different antennas or readers for RFID could 
also have an impact on the results.  
 
Another area that has not been investigated is how Wi-Fi would perform compared to Bluetooth 
and RFID in this kind of context.  
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APPENDIX A 
Table 1 Actual Bluetooth system cost 

Component name  Price (Euro) 

Raspberry Pi 3 1GB Model 
B 

41,05 

Case 10,21 

Memory card 8 GB 12,27 

Battery (2200 maH) 10,21 

Elfa K431 12,89 

Total 86,63  

 

Table 2 Potential Bluetooth system cost 

Component name Price (Euro) 

Raspberry pi Zero W & case 17,68 

Memory card microSDHC 
8GB 

12,27 

Battery (2200 maH) 10,21 

Elfa K431 12,89 

Total 53,03 
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Table 3 Arduino generic short-range RFID system 

Component name Price (Euro) 

Ardurino Uno 23,62 

Short range RFID-reader 12,38  

Battery (2200 maH) 10,21 

Ardurino Case 6,19  

Total 52,4  

 

Table 4 Arduino proposed long range RFID-system 

Component name Price (Euro) 

Ardurino Mega 23,62 

Example Reader 1: Long-range RFID 
integrated uhf rfid reader ethernet 1 6m – 
12V (Correct reader unknown) 

483  

Example reader 2: Wireless UHF Long 
Range RFID Reader Arduino 10m – 12 C ( 

242 

Battery (12V) 51  

Case  Unknown 

Total estimation, reader 1 557,62 

Total estimation, reader 2 316 
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APPENDIX B 
  
1 User stories  
1.0 Software 
1.0.1 Pre-competition 

As a/an I want to... So that... Figure (section 3) 

user create a new 
competition by 
entering a name  

I can start register 
competitors  

Fig.3.1 

user register a new 
competitor to a 
competition by 
selecting the 
competition and 
enter the name of the 
competitor.  

the competitor is 
registered to the 
competition 

Fig.3.2 

system Give an ID to each 
competitor when a 
user adds a new 
runner 

Each competitor can 
be identified 

Fig.3.2 

user remove a competitor 
from a competition 
by choosing the 
competitor from a 
list after the 
competition has 
been chosen 

the competitor is 
removed from the 
competition 

Fig.3.3 

user change information 
of a competitor by 
first choosing the 
competition and then 
choosing the 
competitor and 
change the name  

errors can be 
corrected  

Fig.3.4 

user register a new 
checkpoint to a 
competition by 
entering competition 
name, checkpoint ID 
and optional a 
description of the 
checkpoint 

the system can keep 
track of which 
checkpoints are used 
in the competition 

Fig.3.5 
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user change a checkpoint 
by choosing the 
competition in a list 
and then change the 
ID or the optional 
description 

errors can be 
corrected 

Fig.3.5 

user remove checkpoint 
by first choosing the 
competition name 
and then select the 
checkpoint in a list 
and delete it. 

checkpoints can be 
removed  

Fig.3.5 

 
1.0.2 During competition 
 

As a/an I want to... So that... Figure(section 3) 

user see on the web 
system when a 
competitor passes a 
checkpoint in a 
competition I have 
chosen  

The user can follow 
the competition 

Fig.6 

user see on the web 
system the total time 
from start to finish it 
took for each 
competitor in the 
race by selecting the 
competition 

results from the 
competition can be 
presented 

Fig.6 

 
 
 
 
 
 
 
 
 
 
1.1 Hardware 
1.1.0 Bluetooth Checkpoint 

As a/an I want to... So that... 

checkpoint get a competitor ID when a i can give the competitor a 
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runner passes me by 
Bluetooth  

timestamp when he passes 
me 

checkpoint send the competitor ID and 
timestamp to the central web 
system  

the time results can be 
updated 

 
1.1.1 Bluetooth smartphone application  
 

As a/an I want to... So that... 

user enter my competition id in 
the Bluetooth application 

The application knows the 
ID 

user start the Bluetooth 
transmitting ID by pressing a 
round button on the 
application 

the Bluetooth has been 
started 

Bluetooth application send my ID to Bluetooth 
checkpoint while passing it  

checkpoint can identify 
when the passing happened 

 
2.0.0 Non-functional requirements 
2.1.0 Software 
2.1.1 Administration system should have a graphical user interface with buttons and text 
fields for input data.  
2.1.2 The administration system should save the data continuously  
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Administration graphical interface requirements 

 
Fig.3.1 Create competition 

 
 

 
Fig.3.2 Add competitor to competition 
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Fig.3.3 Remove competitor 

 
Fig.3.4 Update competitor information 
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Fig.3.5 Add checkpoint to competition 

 

 
Fig.3.6 Results of the competition 
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Fig.3.7 Overview of full system 
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Administration use cases  
 
Use case: Create a competition 
Primary actor: User 
Basic flow: 

1. The user chooses to create competition in fig.3.1 
2. The user checks if the competition exists in the existing competition list in fig.3.1 
3. The user fills in the name of the competition in fig.3.1 
4. The user clicks on save in fig.3.1 

Alternative flow: 
 2.a The competition already exist the user quits 
 3.a  

1. The user fills in the name of an already existing competition in fig.3.1 
2. The user click on save in fig.3.1 
3. The competition already exists, nothing happens 

4.a  
1. The database is full 
2. Unknown action is taken 

  
Use case: Add new Competitor 
Primary actor: User 
Basic flow: 

1. The user chooses to add competitor in fig.3.2 
2. The user selects the desired competition in fig 3.2 
3. The user checks if the competitor is on the list of competitors in fig 3.2 
4. The user fills in the name of the competitor in the name field in fig 3.2 
5. The system autofill the id of the competitor in fig 3.2 
6. The user clicks on save in fig 3.2 
7. The competitor is added to the competition  

Alternative flow: 
 2.a The competition does not exist user quit 
 3.a The competitor is already in the list user quit 
 5.a   

1.The system don’t autofill the ID 
  2.Unknown error will happen 
 6.a   

1. The database is full 
  2. Information is not saved 
 
 
Use case: Remove Competitor 
Primary actor: User 
Basic flow: 

1. The user chooses to Remove competitor in fig.3.3 
2. The user selects the desired competition in fig 3.3 
3. The user selects the desired competitor in fig 3.3 
4. The user clicks on remove in fig 3.3 
5. The competitor is removed 

Alternative flow: 
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 2.a The competition do not exist user quit 
 3.a The competitor is not in the list user quit 
 5.a Nothing happens when clicked on remove 
 
  
 
Use case: Update Competitor 
Primary actor: User 
Basic flow: 

1. The user chooses update competitor in fig.3.4 
2. The user selects the desired competition in fig 3.4 
3. The user checks if the competitor is on the list of competitors in fig 3.4 
4. The user fills in the new name of the competitor in the name field in fig 3.4 
5. The system autofill the id of the competitor in fig 3.4 
6. The user clicks on change in fig 3.4 

Alternative flow: 
 2.a The competition does not exist user quit 
 3.a The competitor is not in the list the user quit 
 5.a   

1.The system don’t autofill the id 
 6.a   

1. The database is full 
  2. Information is not saved  
 
 
Use case: Add checkpoint to Competition 
Primary actor: User 
Basic flow: 

1. The user chooses update competition in fig.3.5 
2. The user selects the competition in fig 3.5 
3. The user fills in the id for the checkpoint in fig 3.5 
4. The user fills in the name for the checkpoint in fig 3.5 
5. The user fills in the description for the checkpoint in fig 3.5 
6. The user clicks on save  
7. The checkpoints is added to the competition 
 
Alternative flow: 

 2.a The competition does not exist user quit 
 3.a   

1. The user writes an already existing id  
2. Nothing happens (There could be laps on the track) 

 6.a   
1. The database is full 

  2. Information is not saved 
 
 
Use case: Checkpoint passing 
Primary actor: Android application 
Basic flow: 

1. Android application is started in fig 3.7 
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2. Android application activate Bluetooth in fig 3.7 
3. Android application initiate Bluetooth connection with checkpoint in fig 3.7 
4. Android application sending id with Bluetooth to checkpoint when passing by 

Alternative flow: 
 2.a   

1. Android application miss permission to activate Bluetooth 
2. Nothing happens when android application passes checkpoint 
3. Error 

 3.a  
1. Bluetooth connection failing 
2. Nothing happens when android application passes checkpoint 

  
4.a  

1. Android application failing to send id  
2. Nothing happens when android application passes checkpoint 

 
 
Use case: Checkpoint timestamp 
Primary actor: checkpoint 
Basic flow: 

1. The checkpoint receives an id from android application fig 3.7 
2. The checkpoint sets a timestamp when receiving the id from the Android application 

in fig 3.7 
3. The checkpoint sends the timestamp and id to the web system API in fig 3.7 

Alternative flow: 
 2.a   

4. Android application miss permission to activate Bluetooth 
5. Nothing happens when android application passes checkpoint 
6. Error 

 3.a  
3. Bluetooth connection failing 
4. Nothing happens when android application passes checkpoint 

  
4.a  

3. Android application failing to send id  
4. Nothing happens when android application passes checkpoint 

  
 
 
Use case: Results 
Primary actor: System 
Basic flow: 

1.  The system fills in new entries in the tabular when competitor passes a checkpoint 
in fig 3.6 
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APPENDIX C 
 
The survey is created at Google forms.  

Figure C.1 survey questions 
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Figure C.2 survey questions 
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APPENDIX D 
Data from Time difference experiment. The red area in the table of RFID-

min is marking samples where the reader was not turned on. In the laser 
time, there is lack of two times which are marked zero, this was because 

the laser had lost connection.  
 

Bluetooth 
start left 

Bluetooth-finish 
right Bluetooth Time 

Sportident 
time Laser time  

RFID-
min/min 

785 Undetected #VÄRDEFEL! 16 16,82  16.973 

Undetected 830 #VÄRDEFEL! 16 16,12  16.178 

845 858 13 13 12,815  12.944 

899 915 16 12 12,415  12.648 

925 Undetected #VÄRDEFEL! 12 11,613  12.049 

155 166 11 13 13,216  13.528 

178 194 16 13 12,614  12.587 

201 218 17 13 12,816  12.723 

230 Undetected #VÄRDEFEL! 13 13,115  12.96 

251 264 13 12 11,914  11.709 

499 Undetected #VÄRDEFEL! 12 0 
laser 
moved 12.606 

591 605 14 12 11,914  0 

Undetected Undetected #VÄRDEFEL! 11 11,513  0 

Undetected 671 #VÄRDEFEL! 34 34,34  0 

684 698 14 13 0 
laser 
moved 12.926 

549 Undetected #VÄRDEFEL! 11 12,115  12.056 

573 585 12 12 12,715  13.68 

596 609 13 12 12,115  13.204 

623 Undetected #VÄRDEFEL! 12 12,415  13.571 

646 Undetected #VÄRDEFEL! 13 12,415  13.298 

992 Undetected #VÄRDEFEL! 13 12,014  11.812 

Undetected Undetected #VÄRDEFEL! 13 12,115  13.158 

42 Undetected #VÄRDEFEL! 12 12,716  12.242 

67 Undetected #VÄRDEFEL! 13 12,616  13.232 

93 105 12 13 12,715  13.513 

456 Undetected #VÄRDEFEL! 13 12,815  13.854 

483 Undetected #VÄRDEFEL! 13 12,816  13.965 

508 Undetected #VÄRDEFEL! 12 12,214  12.69 

Undetected Undetected #VÄRDEFEL! 11 12,015  11.844 

Undetected Undetected #VÄRDEFEL! 12 12,214  13.266 
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842 852 10 12 12,115  12.304 

869 880 11 12 12,715  13.264 

893 Undetected #VÄRDEFEL! 12 12,115  13.862 

915 930 15 11 10,912  12.014 

Undetected 952 #VÄRDEFEL! 12 11,813  12.38 

119 Undetected #VÄRDEFEL! 12 11,814  12.692 

141 Undetected #VÄRDEFEL! 10 9,812  10.46 

165 Undetected #VÄRDEFEL! 11 10,814  10.892 

186 197 11 13 12,815  13.59 

213 Undetected #VÄRDEFEL! 12 11,915  13.008 
 

 
  



 

69  

APPENDIX E 
 

API used by the administration system to retrieve result data from checkpoints. The 
data could be from one or multiple checkpoints in a single request. The method used 

is POST-request. <competition> is determine which competition the results are 
coming from. The checkpoint-id is degerming which checkpoint. In the runner array 

the id determine which runner the time field is linked to.  

 
/api/checkpoints/<competion> 
[ 
  { 
    "checkpoint-id":"1", 
    "runners":[ 
      { 
        "id":"3", 
        "time":"1490693970" 
      }, 
      { 
        "id":"5", 
        "time":"1490693970" 
      }, 
      { 
        "id":"6", 
        "time":"1490693970" 
      } 
    ]   
  }, 
  { 
    "checkpoint-id":"2", 
    "runners":[ 
      { 
        "id":"3", 
        "time":"1490693979" 
      }, 
      { 
        "id":"5", 
        "time":"1490693979" 
      }, 
      { 
        "id":"6", 
        "time":"1490693979" 
      } 
    ] 
  } 
] 
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