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Abstract

OSREP - Open-Set REalistic Pinpointing

Johan Klovstedt

Using what researchers call backseat games the kids could be occupied while traveling
in a car and not bother parents with nag like “Are we there yet”. These kinds of
games transform boring trips into exciting adventures by combining and connecting
real world and computer generated data. One of these backseat games is a research
prototype called Backseat Playground (BSP). This prototype is based on narrative
stories which evolve through interaction with the surrounding environment. By using
a customized gaming device for acquiring position of where the player is located and
direction that the player is pointing the device kids are able to interact with the
surroundings of the car. In the current BSP prototype the player can only pinpoint
objects that are defined by BSP itself while traveling through a variety of surrounding
environments. In this thesis project it is investigated if there is a possibility to make
the pinpointing more realistic. Realistic in the way that the algorithm senses if the
player has started to pinpoint an interesting object and further on it also pinpoints
that object’s location. This new generation of pinpointing is called Open-Set REalistic
Pinpointing (OSREP) since it extends a closed set of objects into the amount of
objects that the player(s) would like to put into the world of the BSP. Furthermore
this opens up for the possibility for users to create their own content at that location.
The purpose of this thesis project is to create algorithms that serves as proofs of
concept showing that it is possible to carry out the necessary calculations needed to
produce the results wanted for the BSP game prototype. Therefore there are some
extensive investigations and examinations made as to how a player would be
pinpointing objects and also how the sensing of players sight can be calculated. These
examinations were in fact test runs made by myself in the same environment that the
BSP prototype is tested. To be able to conduct such test runs a simplistic data
acquirement tool was created. The investigations carried out was done by first study
the relevant publications made in the area of mobile AR games and also study the
publications made regarding the BSP prototype. Consecutively there were some
studies made in the areas of mathematical statistics, geometry and probability to show
the theories behind the OSREP algorithm.

One objective during development of the OSREP algorithm was that they should be
easy to integrate into the BSP prototype. This was accomplished through a thoroughly
investigation of the current version of the code written for the BSP prototype.
Although some modifications regarding the handling of direction data has been made
and also regarding the conversions of positional data. A reason for this was to be able
to create the OSREP algorithms as a standalone process so that there would not be a
need for running the actual BSP game or its simulator. Another objective was to
visualize the OSREP performance in the real world. Although this has not been
completely finished there are results presented in this thesis in a more primitive way
than wished for. The reason for not completing such a visualization application is that
the time constraint put on this kind of thesis project is too narrow. But at least a
foundation has been made and could certainly be continued by another master
student.

Although some setbacks have been experienced regarding the way the OSREP
algorithms was visualized the algorithms seem to work in both in theory and on the
acquired sensor data. The primitive visualization made only serves as
proof-of-concept and could be used as an aid for making sure further efforts of
integration of the OSREP algorithms into BSP is worth the cost in effort and time.
The major result of the OSREP algorithm was that it shows a sufficiently accurate
location of the pinpointed object. A very nice feature of the algorithm is that it does
not need any external triggering to make the distinction as to when the player has
started to aim. It could rather be used continuously to examine the recorded data to
calculate the location of pinpointed objects.
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Sammanfattning

Denna rapport ar en del av ett examensarbete utfort hos Interactive Institute’s Mobility Studio.
Examensarbetet ar en del av min utbildning till civilingenjor i Informationsteknologi vid
Uppsala Universitet.

Vi vet alla att det kan vara oerhort trakigt att som passagerare i en bil sitta inaktiv bredvid
eller bakom féraren. Detta galler speciellt barn. ”Ar vi framme snart?” ar troligtvis en av de
vanligaste fraserna en foralder kan hora fran baksatet i en bil. Men hopp finns dven for dessa
barn. | form av baksatesspel kan barn och ungdomar roa sig pa egen hand.

Ett sddant spel ar det s kallade Backseat Playground (BSP) vilket ar ett mobilt
verklighetsforstarkt spel (dvs. ett dataspel med en férstarkt koppling till verkligheten). BSP-
spelprototypen ar enligt en nyligen publicerad rapport av Gustafsson, Bichard, Brunnberg,
Juhlin och Combetto (2006) beskrivet som ett spel baserat p& berattande historier som
utvecklas genom interaktion med miljén som omringar bilen medan man reser genom
vagnatet. Den skiftande miljén triggar handelser och ljud som kan ta spelaren till nasta steg i
spelet. Men ett sadant steg kan vanligtvis bara tas om spelaren lyckas utfora ett uppdrag.
Uppdragen bestar bland annat av att lokalisera ursprunget av ljud eller lokalisera objekt som
ljudet kan komma ifran. Pa detta satt kan BSP forvandla kyrkor, broar och andra objekt vid
sidan av vagen till en aventyrlig varld fylld med virtuella varelser, skatter och spannande
uppdrag.

Spelkontrollen som spelaren anvander i Backseat Playground.

For att kunna koppla ihop varlden utanfor bilen med spelaren som spelar BSP s& behovs en
speciell spelkontroll. Spelkontrollen fungerar som en riktbar mikrofon med vilken barnen kan
interagera med spelobjekt. Den har riktbara mikrofonen innehdller sensorer for att kunna
bestdmma dess rumsliga rorelser och riktning.

For att kunna valja ut vilka representabla objekt som BSP kan nyttja under spelets gang
anvands data fran sa kallad Geografiska Informations System (GIS). Sadan data berattar mer
om ett kartobjekt till exempel att en fyrkant pa kartan ar en kyrka eller sporthall. Med hjalp av
av sadan data kombinerad med en karta och en GPS s& kan man bestamma spelarens position
och darmed ocksa var objektet ligger i forhallande till spelaren. Utdver det s4 kan man med
spelkontrollen se om spelaren siktar pa objektet. Detta bestimmer man genom att triangulera
GPS-positionerna med skarningspunkten for tva vinklar som spelaren riktar kontrollen i. Enligt
figuren nedan ser man hur detta ar tankt och fungerar.
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Triangulering med tva GPS-positioner och med tva riktningar spelaren siktar i.

D& detta satt att sikta galler for en sluten mangd siktbara objekt (dvs. objekt som BSP
definierar som siktbara under spelets gang) skulle det inte fungera i en framtida version av
BSP. | en framtida version vill man namligen kunna implementera anvandar-skapat-innehall.
For att kunna gora det s& maste spelaren kunna f& bestamma en position i den verkliga
varlden dar informationen ska ligga. Alltsd behdvs en ny generation av siktning. Det ar denna
nya generation som detta examensarbete ska resultera i eller ndrmare bestamt underséks om
det skulle kunna gé att implementera en algoritm som kan utféra sddan sikting i BSP
prototypen. Denna nya generation av siktning kallas OSREP som &ar en akronym fér Open-Set
Realistic Pinpointing.

Genom att undersdka hur en spelare siktar; det vill sdga hur riktningsdatan ser ut under en
sddan siktning liksom nar man ska triangulera data, s resulterar det i OSREP algoritmerna.
Genom att detektera monster i riktningsdata sa kan den applikation dar OSREP &r integrerad
kanna av nar spelaren siktar pa nagot. Darefter kan man rent logiskt se nar spelaren slutar
sikta och foljdaktligen triangulerar man positionerna och riktinngarna for tiden emellan start
och slut. Positionen som detta resulterar i blir dd positionen som spelaren kan lagga ut
information pa i den framtida versionen av BSP.

Detta kanske later valdigt latt implementerbart men faktum &ar att en hel del ingdende studier
har skett over publikationer rorande BSP, mobila spel, matematik, statistik och sannolikhet.
Dock har mest arbete lagts ned i att analysera den programmerade koden som redan
utvecklats for BSP. Syftet med denna analysering ar att snabbare kunna utveckla ett verktyg
som kan visualisera OSREP med en bakomliggande karta pa vilken bilen syns tillsammans med
de riktningar och positioner som registrerats under testkorningar. Det arbetet har jag inte
hunnit klart med. Darfor forenklades visualiseringen till den milda graden att man ser hur de
matematiska resultaten ser ut i form av grafer. Ett annat syfte med att analysera BSP-koden
ar att eftersom OSREP ska kunna integreras i BSP s& maste den ju hantera data som aven ar
tillganglig nar BSP spelet kors.

For att tillgodogora mig datan som OSREP utvecklats utifrAdn har testkdrningar gjorts med ett
egenhandigt producerat inspelningsverktyg som kors pa BSP-spelkontrollen.

De producerade resultaten ar i algoritmens aktuella version tillfredstallande eftersom
algoritmen producerar en position for det siktade objektet. Dessutom skoéter algoritmen
behandlingen av insamlad data kontinuerligt vilket medfor att spelaren inte behover trycka pa
nagon knapp for att signalera att han eller hon borjat sikta in sig pa ett objekt.



Preface

This report serves as my master thesis project report, the master thesis project being a part of
my education at the Department of Information Technology at Uppsala University. This report
is a result of the work that | have done at the Interactive Institute’s Mobility studio. The work
done will hopefully contribute to some extent in the area of game controls in mobile
augmented-reality games. Also it will hopefully help the team at the Mobility studio to progress
with their Backseat Playground game prototype, and that these algorithms could help improve
the game so it may take the game to its next conceptual level. I.e. future development of User
Content Creation tools using the algorithms | have made. Not saying this is a report solely
about User Content Creation, it is rather an examination of the possibilities of using the
currently used gaming device.

The report is intended for people with a strong technical interest since there are a greatly
technically and programmatically language used. But of course my intension for this report is
to explain every definition and solution in the way it would be easily understood.

I would like to acknowledge the influence of my co-workers at Interactive Institute Mobility
studio that has helped me in various ways. The presentations and meetings together with
them have given me a good insight into the research industry. A special thanks to Anton
Gustafsson, Liselott Brunnberg and Oskar Juhlin that provided me with good feedback and
constructive criticism about the report and design issues. Also | would like to thank John
Bichard for abstract but useful thoughts and discussions during this thesis project. Another
thing that has given me much joy to have been a part of; are the lectures and discussions with
some of the guest researchers at Interactive Institute, such as Barry Brown and Louise
Barkhuus who has influenced me in various ways.

Johan Klovstedt
Uppsala, April 2007
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Master Thesis Report - Introduction

1. Introduction

In this chapter you find the background for this thesis project and consecutively the
description of the problem/assignment along with the delimitations and the related work that
has been done in the area of mobile augmented-reality games and in the area of motion
sensitive gaming controls/devices.

1.1 Background

To travel by car can be very tedious, especially for kids that are inactive passengers. “Are we
there yet?” is for certain one of the most common phrases that parents could hear from the
backseat of a car. The phrase in itself is just another way for kids to express their boredom.
Looking at the problem from the children’s point of view there is some hope to be found
through development of so called backseat games. One prototype for such a game is called
Backseat Playground (BSP) which is a mobile augmented-reality (AR) game (also called
pervasive game). l.e. a game using a combination of real world and computer generated
data. This game is intended to be played by kids in the backseat of a car. The BSP game
prototype is in a recently published article by Gustafsson, Bichard, Brunnberg, Juhlin and
Combetto (2006) described as a game based on narrative stories which evolves through
interaction with the surrounding environment while traveling through the road network. The
changing scenery in the surrounding environment will trigger events and sounds that take the
player to the next step in the story, but only if the player succeeds in performing the required
actions for them Such a required action could be to pinpoint the origin of a sound or locating
an object that corresponds to the sound played in the headphones that the player is wearing.
In this way the game turns churches, bridges and other roadside objects into an adventurous
world filled with virtual creatures, treasures and exciting missions.

Figure 1.1.1: The gaming device that is used when playing Backseat Playground. The
Pocket PC (PDA) is attached to the device itself.

To make the connection between the players playing the game and the world on the outside
of the car, a customized gaming device has to be used (shown in figure 1.1.1). This gaming
device® works like a directional microphone with which the kids are able to interact with the

1 Further described in chapter 3 that explains the hardware used in this master thesis project.

1



Master Thesis Report - Introduction

game objects’. This directional microphone contains sensors to determine its spatial position
and direction. For now it is sufficient to say that the device is equipped with two sensors, a
GPS for acquiring the physical location of the player and a gyro that senses how the gaming
device is spatially pointed. To put the usability of this kind of gaming device in a context, I'm
considering what Brunnberg and Juhlin (2003) pointed out in their article “Motion and
Spatiality in a Gaming Situation — Enhancing Mobile Computer Games with the Highway
Experience”. A part of their investigation was the importance of choosing recognizable objects
and what makes a significant object for enhancing game experience. The knowledge gathered
through that investigation has been assimilated in the BSP prototype making a strong
connection between the narrative story and the chosen objects that embodies important
triggers and events. BSP uses a Geographical Information System® (GIS) to make it possible
to distinguish certain kinds of objects. GIS is a system that categorizes map objects; the
categorization is of the kind that it tells that a square on a map is a house or a church, etc. In
combination with maps it is possible to use GPS for determining the position of the player,
but together with the input from a sensor module® (in figure 1.1.2 referred to as directions) it
is also possible to furthermore determine where the player is located with respect to game
object location. Triangulating the positions from the GPS with the directions acquired from
the Microstrain sensor module is graphically explained in figure 1.2. Side 1 in an imagined
triangle is between GPS position 1 and GPS position 2 while side 2 and side 3 are between
point P and the GPS position 1 and point P and GPS position 2. In the figure it is shown that
the player is aiming towards object 2, or more precisely has pinpointed the location P.

GPS position 2
GPS position 1 \

S L

Road

/
direction 2
direction 1 I

Objects

GPS position 1

GPS position 2

Side 1

& direction 1

Road

(180° - (direction 2))

Side 3

Figure 1.1.2; Left: Triangulation using two GPS positions and the angles acquired from the
gyro. Right: The resulting imagined triangle.

1.2 Problem description

By using the information from the previous chapter there are a two significant facts that are

implied.

2 To design for physical interaction has earlier been investigated by Brunnberg and
Hulterstrom (2003) in their article “Designing for physical interaction and contingent
encounters in a mobile gaming situation”.
3 Geographical Information System is a system to provide for more information about map
objects. More information could be found at: http://www.gis.com/whatisqgis/index.html.

4 The sensor module with its accelerometers, gyros and magnetometers is thoroughly

explained in chapter 3.1.
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1. Firstly, since there has to be at least two GPS positions the player has to be moving
(i.e. if the player is not moving there will not be a side in the triangle between GPS
position 1 and GPS position 2). This has to be greatly emphasized since it is of great
importance for triangulation purposes.

2. The second fact is a bit more complex to explain. To do so one need to understand
how BSP has been using the term “pinpointing” objects up to current date. The BSP
game is using a quite rudimentary and non-realistic kind of pinpointing. This kind of
pinpointing is first of all triggered by an already set object in the surrounding
environment and then the user is pinpointing the object through the use of a 3D
sound. In this way the pinpointing becomes more of an interactive approach to
pinpoint an already set object, making it restricted through a close link to
geographically set objects. The reason for this is that the player is aiming with the
help of a sound mapped by the game to the specific location that the player should
pinpoint. (E.g. the intensity of that sound is decreased the further away from the
object the player is aiming and concurrently the sound increases in intensity when the
player is aiming closer towards it.) This old kind of pinpointing is further on called
Closed-Set Pinpointing (CSP) because of its limited range of available objects to
pinpoint.

What this master thesis does instead, is to examine whether there is a possibility that a more
realistic kind of pinpointing could be done. More realistic in the sense that the player
experiences the physically direction he or she points the gaming device in as the direction
perceived by the game as a location where something useful or interesting is taking place.
Using CSP the game would ignore that the player is pinpointing a specific location where
there has not been an object placed by the game.

Constructing a new generation of pinpointing would in contrast to CSP result in an increased
gaming experience since the player feels like he or she is in control of the game and not the
opposite. This kind of thought is applicable for a future possibility to develop BSP for User
Content Creation (i.e. when users apply their own content in a game). Because of this
increased experience the player would feel the game to be more realistic. Also the new
generation widens the set of objects that could be pinpointed. Thereby the player could aim
for objects that are not actually a part of GIS- or map information collected for the BSP
prototype, the objects are rather based on the players own interest of the roadside and
therefore the set of objects increases. Another major advantage of this approach is that the
game could be further developed in an area that allows the user to create his or her own
content (i.e. User Content Creation, UCC). Because the new kind of pinpointing allows for
new objects to be generated in a realistic kind of way it is called Open-Set REalistic
Pinpointing (OSREP).

Moreover development of OSREP is divided into two separate parts. The first part is to
actually examine an algorithm that could sense that the player had started to aim towards a
location by his or her own choice. The algorithm that should sense this was constructed in
this thesis and serves as a proof of concept. If there are not any satisfying results achieved
trough mathematical computations the final approach is to consider whether the realism
could be satisfactory using another input. This kind of input could be the use of a button to
signal that the player has started to aim towards an object or an interesting location.

The second part follows consecutively by doing some triangulation; with the help of the GPS
positions and the gyro angles, during the time span that the player is aiming®. The result of
the second part is then a triangulated location in the real world. That location could be used

5 This is in a way real-time, but some constraints are put into this thesis and will be further
explained in the theory chapter under the heading “Real-time”. (l.e. the goal is to make the
algorithm’s performance as good as it would seem like it is in realtime.)

3
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to compare if the location of an object in the BSP game database is present or if that is not
the case the player could place user created content at that specific location. The theories for
these two parts are presented in chapter 4 while the methodology for how it all was done is
presented in chapter 3.

In the second part it would be sufficient to develop an algorithm to do the triangulation in
real-time and leave out the comparisons with BSP object database. The major reason for this
is to be able to build a stand-alone module that serves as a proof of concept, which allows for
future development and integration by the team that develops the BSP game engine. My
motivation for making this assumption is that the area of UCC is an ongoing study in the BSP
prototype.

1.3 Purpose

The purpose of this master thesis project is to examine if a new generation of a pinpointing
algorithm could be made for a mobile AR game, such as the BSP game prototype. This entails
constructing a new generation of a pinpointing algorithm, called OSREP, which is more
realistic in its use and allows for future development and integration of User Content Creation
tools. The algorithms for this is to be constructed as proofs of concept showing that it is
possible to carry out the necessary calculations needed to produce the results wanted for the
BSP game prototype. To make the definition of “possible to carry out” is not as much the
mathematical approach as to actually doing the mathematical calculation within the time
requirements. The requirements of performance in time will be retrieved during test runs
made. They will show the maximal time that the algorithm could take to perform its
desighated assignment.

The examination will be carried out by first study the relevant publications made in the area
of mobile AR games and also study the publications made regarding the BSP prototype.
Consecutively there has to be some studies in the areas of mathematical statistics, geometry
and probability to show a significantly good theory for the approach of to the solution.

Another goal of this master thesis is also to visualize OSREP when it has processed acquired
data from real world test runs. The visualization shows that OSREP is applicable on data
identical to data that the BSP game uses. To acquire data test runs are carried out on
Lidingo, a small island north east of Stockholm. This island has been chosen because the BSP
test runs have been done there previously, therefore the data from my test runs are
applicable to the BSP prototype. Another reason is that GIS data is available for that area.

1.4 Delimitations

One of the things that will not be a part of this master thesis is the mentioned future
development of the Backseat Playground game. That is to not further develop any User
Content Creation tools.

Full integration of the algorithms with the BSP game is not a part of the thesis project.
The algorithms serve as proofs of concepts and are presented as modules that are
applicable to BSP (with some slight modifications). This implies that the errors that could
be experienced in the GPS positions will not be a part of this thesis, although they will be
explained so that the reader is fully aware of their existence. The reason for this is that
the corrections for the errors should be made on the server side of the BSP prototype, as
further explained in section 3.1.1. Also, the integration or more specifically the calculated
(triangulated) locations with the OSREP algorithms will not implement any comparisons
with the generated BSP game objects.
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Time will be a major factor for being able to do much of integration, testing and further
development between the algorithm and the rest of the game. The only thing to do is to
try to reach the goals set and from there on do as much as possible.

1.5 Related Work

Since the basis of this master thesis is related to GIS objects and the area of mobile
augmented-reality games there is not much related work to be found that combines those
two areas with aiming and pinpointing GIS objects in mobile augmented-reality games. As
pointed out in Gustafsson et al. (2006) there has been some work done in the areas of
location-based games and location-based storytelling. But the major difference with a
research prototype like Treasure, presented in an article by Barkhuus, Chalmers, Tennent,
Hall, Marek Bell, Sherwood and Brown (2005), which is played by two teams running around
in a physical environment while chasing coins in the vicinity of WiFi access points, and
Backseat Playground is the extensive significance of physical movement. In BSP the player
needs to move himself in the real world to make progression in the story of the game while
the content in a Treasure stays much the same during gameplay. The major consequence of
being an offspring of BSP is that it affects this thesis by being in the cutting edge of game
researching. This fact affects this master thesis both negatively and positively, negatively in
the way that there is not much information to gather in this area beside the publications
made by the developers of the BSP game prototype. It has a positively affect on this thesis
because it makes me, the author, more motivated since | can participate with valuable
results taking the BSP prototype to the next level.

The closest | consider any game control of any game consol to be, is that of the Nintendo Wii
Remote and Nunchuk®. The Wii Remote and the Nunchuk are both motion sensitive but are
originally only used indoors and most definitely not used together with a pervasive
storytelling game like BSP as described in an article about pervasive storytelling in vast
location based games by Bichard, Brunnberg, Combetto, Gustafsson and Juhlin (2006) which
also further describes the further uses of GIS to make further connections to the real world.
Also, there is the obvious fact that the BSP gaming device is used together with spatial
movement of a car which is the factor that makes it possible to triangulate positions in the
surrounding environment.

In parallel to this thesis project there is research in progress regarding change of platform for
the BSP game. Instead of a complex gaming device the intent is to use an ordinary mobile
phone with image recognition to determine direction. This will of course only be possible in
full extent in a couple of years when all phones contain a GPS receiver to be able to
determine the position of the player. Thereof this master thesis will be of even greater
interest in the future.

% An overview of the Nintendo Wii: http://www.nintendo.com/overviewwii, offers a short
description of their motion sensitive game controllers.
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2. Methodology

The methodology chapter tells you what approach has been made regarding how to examine
if a new generation of pinpointing could be done. As mentioned in chapter 1.2 Problem
Description, the major approach to this investigative project is to divide the assignment into
two parts. To make the course of action understandable | have created a model that clearly
describes in which order things are done and why | have chosen to execute them in this way.
This customized model states three different parts that will be done to clearly visualize the
sequence of work and the results which allows for a discussion and some conclusions to be
made about them. More detailed descriptions of each part of the model are found in the
implementation chapter.

2.1 Customizing a Model

Since this thesis project evaluates the possibility to extend an already existing module, or as
mentioned derive a new generation of pinpointing (i.e. namely the OSREP) this project needs
to have a quite customized methodology. But there are some basic steps to take before
embarking on the model description. These basic steps are the following two: to gather
knowledge about the BSP prototype and consider what requirements have to be met for the
results of this thesis project to be usable in the future. After this has been done the model (in
figure 2.1.1) is considered to be the model for the sequence of work. This model has been
created to get an overview of what is done in this project and it constitutes the methodology.
First of all it is a model dividing the project into three parts and taking the parts one at the
time we get:

1. The first part is to create a simplistic tool for making the initial acquirement of
empirical data. This tool preparation part is to be done in a systematic way to make it
easy to collect the necessary data mainly from the GPS- and gyro modules
respectively.

2. From the empirical data mathematical theories are deductively (i.e. the logical method
used’) derived. In this way a sufficiently good algorithm can be presented. A
sufficiently good algorithm is an algorithm that is able to show performance
differences in realism between running the BSP game with the derived algorithm and
running the BSP game without the algorithm. The OSREP algorithms are developed as
modularized® applications that are able to process the collected set of empirical data
(i.e. the data from part 1 of the model). The output data from runs on the empirical
data from part 1 processed through the algorithm should then be able to show how
plausible it is that the algorithm serves the purpose of OSREP regarding realism.

7 A logical deduction method is when you look at e.g. a set of data and make hypotheses
based on some common distinguishable trademark for all the values of that set. Concurrently
you say that the values appear this way because of this trademark, you have then deductive
hypothesis as to the importance of that trademark.

8 Modularized applications are highly desirable, as Ghezzi, Jazayeri and Mandrioli (1991)
points out in their book Fundamentals of Software Engineering.
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3. The third part will be to show through a sufficiently good visualization of the algorithm
that it holds or not holds for the theories presented. A sufficiently good visualization is
to be able to see the performance of the algorithm as to whether it shows that the
player is aiming or not and also show a calculated location through triangulation. If
not there are analysis made to why the algorithm derived is not sufficiently good and
what could have been done instead.
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Figure 2.1.1: Structural model of execution of the master thesis project. Progression is
made by moving from left to right for each part and downwards when a part is finished.

The final visualization of the verification and validation part was simplified due to time
constraints put on this master thesis. It will certainly suffice to show convergent results
(using simple graphs of the result) without a fancy interface with GIS objects and maps. This
argument holds if the theories behind the algorithm in a conclusive way show that the results
could be applied to a majority of test runs. To do so in a simplistic and minimalist way is
called modularization and is further explained by Ghezzi et al. in the “Modularization
techniques” chapter in the book “Fundamentals of Software Engineering”, where it is
furthermore explained that the information (i.e. in this case the handling of extracted data
and the theories derived from it) should be offered in a minimalist way to avoid unnecessary
complexity of the design. Although since the handling of the data is hidden in the
implementation of the design and therefore it is not completely avoided. It is hidden in the
code developed for this thesis but have been well-documented for others to be able to
continue the work with OSREP or to develop future generations of pinpointing applications.
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3. Hardware

This chapter describes the hardware needed to play BSP. Why | describe the hardware of BSP
is because of the fact that OSREP needs some parts of it to be able to acquire necessary
data. The necessary data is the GPS positions and the gyro angles for direction when doing
the triangulation.

3.1 Backseat Playground Hardware

To be able to play the Backseat Playground game in its current prototype version the user
needs to have some hardware. This hardware (shown in figure 3.1.1) includes a server
running on a laptop, a client (the gaming device), a Bluetooth GPS receiver, a wireless access
point and a 12V-220V power converter.

Figure 3.1.1: Hardware needed for the Backseat Playground game. The gyro module is
seen in the top right image and the GPS receiver is seen in the lower right image.

The gaming device contains a directional microphone, the Pocket PC (also called PDA) and
the headphones, while the rest of the devices could be installed at suitable locations in the
car. The directional microphone is equipped with a Microstrain 3DM GX1 sensor module®
which includes accelerometers, gyros and magnetometers to be able to sense orientation and
motion in three dimensions. The data from this gyro sensor module is transmitted from the
directional microphone to the Pocket PC through a cable connection. The Pocket PC uses
wireless LAN to communicate with the server and the Bluetooth GPS receiver (EMTAC
Bluetooth GPS) could be connected to either the Pocket PC or the laptop. The GPS signal is
relayed over the wireless LAN in either case. The Pocket PC provides both the visual interface
through its display and the audio interface through the connected headphones.

° This sensor module is further technically described in chapter 3.1.2 and in the documents at
Microstrains web-site: http://www.microstrain.com/3dm-gx1_docs.aspx
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3.1.1 GPS

This sub-chapter describes the GPS but not as much as it tells the reader more about the
errors that are present when dealing with GPS positioning. The obvious motivation for this is
to make the reader aware of the error factors that affect calculations and to show which
factor that has the greatest impact.

The GPS works similar to the triangulation that was mentioned earlier. This is done by the
GPS module itself and produces a converted result in the form of latitude and longitude. In
this case of triangulation, called dilateration (in case of two satellites, trilateration if three
satellites are used), the calculation is done between the GPS module that the player is
carrying with him and two satellites. In reality several satellites are used to produce more
accurate result and to determine the elevation of the GPS module, which is the height over
the sea level. But in a simple example using two satellites; the time it takes for each signal
fromrespective satellite constitutes the distance to a Point-Of-Intersection (POI) for which
we know ought to be on the surface of the earth. From that POI the latitude and longitude of
the GPS module is extracted. This is shown in a very simplistic way in figure 3.1.1.1 which
has been retrieved from the kowoma web-site!®, in which point A is the valid POI. The
shadowed area is considered to be the area of valid POls since point B is far out in space.

Figure 3.1.1.1: Acquiring a GPS position.

As seen in table 3.1.1.2 the largest contributor to positioning errors are the ionospheric
effects. This information have been gathered from two independent web-sites'! thereof the
intervals in the parenthesizes. But regarding the ionospheric errors an assumption is made
that could be argued to be very logic.

lonospheric effects +50 meter
Shifts in satellite orbits +25 meter
Satellite clock errors + (1.5 - 2.0) meter
Multipath effect * (0.6 — 1.0) meter
Tropospheric effects +0.5 meter
Receiver_errors _ + (0.3 — 1.0) meter
(calculation and rounding errors)

Table 3.1.1.2: This table shows the sources of error for the GPS positions.

19 The figure has been retrieved from http://www.kowoma.de/en/gps/positioning.htm
1 The web-sites are: http://www.hacking-gps.com/articles.php?url=2&id=200503281930
and http://www.kowoma.de/en/gps/errors.
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Since the ionospheric errors depends on the weather it is most logical to say that this kind of
error would not affect single GPS positions it would rather affect the whole set of GPS
positions received at the same time of day (or when the weather is the same) making the
complete position set usable anyway. This is valid because distances and speeds received
from the GPS module are all equally affected by the same error cause, making the GPS
positions in figure 1.1.2 not differ because they are received with only one second apart. I.e.
GPS positions received in one of my test runs are not affected by the ionospheric (or shifts in
satellite orbits and satellite clock errors for that matter) since those effects changes to slow.
Moreover satellite clock errors are by listening to Samuel J. Wormley, who administrates a
quite extensive web-site'? about GPS errors, also slow in consideration of how long my own
test runs have been performed (maximal length of one test run was 40 seconds). He speaks
of an average error of 1-2 meters for 12 hour updates. Considering these time spans | argue
for a non-significant change between GPS positions in my test runs.

As | already mentioned in the delimitation chapter, | do not correct these kinds of errors nor
do I implement a solution for this kind of problems. It could be argued as making a non-
sufficient algorithm for the triangulation purpose.

False GPS posijtion 2
False GPS position 1

Road
?4d
?4d § ?
True GPS
Tru_e_GPS position 2
position 1

Figure 3.1.1.3: Scenario with GPS position errors.

To try to make up for that | hereby explain how the solution were the correction would take
place on the server-side of the BSP prototype could work like. This solution imply that the
corrections would compare known GIS objects on a map to make the shift of the GPS
positions (the shift to make being ?4; as shown in figure 3.1.1.3). That the correction would
need GIS objects explain why it should be done on the server-side of the BSP prototype (i.e.
the GIS software module in BSP is located in the server-side). The shift being applied to
every received GPS position; in reality, does not make a difference for any distance
calculations between any two GPS position since it is a simple translation of the origin for a
local coordinate system in a global coordinate system.

This is simply shown by using a translation matrix*3;

gl 0 D, uélatitude gy é latitude+D, .. U
O 1 Dy “Songitude! = Jongitude+ D,y |
8 longitude ;@ ONGITUCE = gongl ude + Digginuge ) (Formula 3.1.1.4)
@O0 1 pg 1 H§e 1 H

where

12 The accuracy section of the web-site of Samuel J. Wormley could be found here:
http://edu-observatory.org/gps/gps_accuracy.html.
13 The formula for this has been found on p. 159 in “Modern Geometry” by David A. Thomas.
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é]' 0 Dlatitude l;l
a8 1 Dongituwce 3: Dy (Formula 3.1.1.5)
o0 14

is as explained a constant matrix of the distance difference (caused by the errors for a
sufficiently discretisized time span) used for every GPS position in the finite set that is to be
translated.

3.1.2 Accelerometers, Gyros and Magnetometers

The accelerometer, gyros and magnetometers described in this sub-chapter are all contained
in the Microstrain 3DM GX1 sensor module. Although this sensor module contains three kinds
of sensors they are all referred to as the gyro sensor. The reason for this becomes evident
when reading through this section.

The accelerometer in the Microstrain sensor module is a triaxial DC accelerometer that tracks
static orientation. This means that it senses the accelerations in 3D and the values of the
acceleration is presented as the magnitude of the acceleration along the x-, y- and z-axis
(i.e. how fast the gaming device is moved along either axis). These three axes are shown in
figure 3.1.2.1.

Figure 3.1.2.1: Shows the Microstrain sensor module’s coordinate system.

The magnetometers in the Microstrain sensor module are triaxial and give the absolute
direction of the magnetic field in relation to the gaming device. These magnetometers offer
great precision and by using its values the direction of the gaming device with regard to the
earth’s magnetic field is acquired. Calculation applied to values from two separate times from
this sensor shows towards which direction the gaming device is moved. Further calculation
could with this type of sensor give how the gaming device has been rotated.

The final sensor is the gyro (also called gyroscope), which determines how the device is
rotated around each axis; namely the rotations roll, pitch and yaw. The explanation for how
this is done is rather complex therefore the conceptual thought of how it works is
presented*. The gyro as it is in the Microstrain sensor module is considered to be three gyros
mounted with their axes at right angles to one another on a platform, that platform is placed
inside a set of gimbals, that platform will remain rigid as the gimbals rotate in anyway they

14 A conceptual figure is shown in figure 3.