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Abstract

ThisA Gr aduat i was writtbheegardng the research which wasductedo de-

velop a positioning system thabes not require GPS. Since the device must see the satellites
directly -without any obstacledor better positioning on GPS Technologyd GPS Tech-
nology has other vulnerabilities as mentioned in other chaptersndoorAlas mobile ap-
plication which has been produced for indoor positioning was tested and develo@&sfor

Independent GtdoorPositioningSystem

In this work, the main goavasimprovement/developmefineésearcltof positioning technol-

ogies forGPSdeniedenvironments. For this purpose, initially, a system for indoor position-
ing (IndoorAtlas)was adapted to some critical locations in Estonia, Tallinn. For this initial
work, one of the biggest shopping malls of Tallinn was chosen. The system was applied to

theboth floors of the mall.

Then, as the main purpose, this system was aimed to be developed for outdoor positioning
and it was applied to key locations in Estofiiallinn and Turkey, IstanbuFor this applica-

tion, crowded, central and busy locations @S cities were chosen.

As the final step, a mobile application for Android Platform was developed. Actually, an
external mobile application (tlmorAtlas) was used fandoor and outdoor experiments.
However, this new mobile application was designed metaildd whilst it was using the

|l ndoor Atl asd infrastructure. Both of the
were implemated into this new application with different additional featuFresther details

about this new mobile application wile given in the next chapters of the thesis.

As the future improvement of the project, application of the system to the main building of
the Tallinn University of Technology and itsutside area was planned. Besidesme other
technical details for the gelopment of the whole system and the new neoapplication

were also planned as additional futuesearches
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This thesisvaswrittenin Englishand is78 pages long, including chapters34 figures and
1tables.



Annotatsioon

GPSist sdltumatu valipositsioneerimissusteemi

Antud 16put6d on uurimusnille eesmark oli luugositsioneerimissisteemis ei pea kaa-
sanaGPSi. GPSseadmel peab hea positsioneerimise jaoks olema takistusteta otsetihendus
satellitidega, lisaks on GPS tehnoloogial muid@rkuseid, mida mainitakse teistes peatuk-
kides, mistottu testiti ja arendati siseruumides positsioneerimiseks loodud IndoorAtlas mo-
biilirakendust GPSst sdltumatu valipositsioneerimissiisteemi jadBBP&Independent Out-

door Positioning System

TOO peamineeesmark on parandada ja arendada positsioneerimistehnoloogiate t66d kesk-
kondades, kus GPS ei toimi. Eesmargi saavutamiseks kohandati algselt siseruumides pos-
itsioneerimiseks mdeldud sisteemi (IndoorAtlast) mdnede olulise tahtsusega asukohtade
jaoks Tallimas. Esmase t60 jaoks valiti Uks suuremaid ostukeskuseid Tallinnas. Susteemi

rakendati ostukeskuse mdlemal korrusel.

Seejarel seati peaeesmargiks arendada siisteemi valipositsioneerimiseks ning seda rakendati
vOtmeasukohtades Eestis Tallinnas ja Turgisntstiéis. Antud rakenduse jaoks valiti rah-

varohked, linna keskuses asuvad ja toimekad kohad.

Viimase sammuna loodi mobiilirakendus Android platvormile. Tegelikult kasutati valikasu-
tuseks mdeldud mobiilirakendu@ndoorAtlag) siseruumides ja duderraldatud eksperi-
mentides. Siiski, uue mobiilirakenduse ulesehitus on Uksikasjalikum, kuid selles kasutatakse
IndoorAtlase infrastruktuuri. Nii Istanbuli kui Tallinna kohta loodud kaarte juurutati uues
rakenduses koos erinevate lisaelementidega. Uutilimakendust on tdpsemalt kirjeldatud

t60 jargmises peatikis.

Projekti plaanitakse tulevikus laiendada ja rakendada siisteemi Tallinna Tehnikaulikooli pea-
hoones ja selle Umbruses. Lisaks plaanitakse tulevikus tervet sitsteemi ja uut mobiili-

rakendust tdiendadmdnede tehniliste detailidega
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1. Introduction

1.1 Research Problem and Background

Throughout history, humankind has always been curious about new places and virgin lands.
New areas for colonization and new sources and new materials have been the biggest moti-
vation behind explorations. In the light of this motivation, humankind hag/slteen on a
journey toil u | tthuleddl]. In this journey, people have needed different systems to find
their way and route. These journeys were hard, some of them were in scorching deserts,
whilst some of them were in deep and endless oceans against huge waves. In all these cir-
cumstances, a ralble system has been needed to know the current location and the target.
The sailors of the first large boats which were built to carry stuff have chosen to stay close
to the shore while sailing to use landmarks to navigate. They used a system whiclkesombin
the sight of landmarks and the North Star/the Sun. Then, they have started to use quadrants
which let the sailors know the latitude of the boat with the help of the North Star. Another
ancient device was the astrolabe. It also used to be used to gdbthetion of the current
latitude with the help of the Sun. Then, cliogs have been started to be used to measure the
speed of the boats and get the location information via that speed information. This develop-

ment has also named the speed unit whictill used for ships and aircraft (Knot).

One of the biggest digital development regarding navigation and positioning was Radio De-
tection and Ranging system (RADAR) which was produced by Robert Wdtattrin 1935.

In following years, Long Rang Navigah (LORAN) system was produced by The US.
Pulsed radio waves were used by this system to see the time difference between the arrivals
of the signals which were determined by at least two different sets of LORAN Transmitters
[2]. This was an expensive systamdits accuracy was between a hundred meters and a few

kilometers.
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Then, the GPS System was developed in 1973. The GPS system has been started to be used
instead of LORAN System It consists of 24 satellites in the skyadimditless numbeiof
devices which received the signals from these satellites.

GPS is the most popular system for navigation and positioning. However, as many systems,
it also has limitations and vulnerabilitiy. To use GB System efficiently and géte most
accurateresult, the GPS Antenna which belongs to the user device must see the GPS Satellite
directly. Location of the antenna critically affects the quality of the received signals. There-
fore, the accuracy of the ptishing also is affected and the possibility of getting correct
result also reduces. So, it can clearly be claimed that when the receiver device is inside, it
does not have a clear line of sight to the sky and the satellites.

The signal is distorted wheh gets inside. Building materials also have an impact on the
guality of the incoming signal and the accuracy. When the user gets ctosenowinside

a house, or if the user in a high building with large windows, GPS could still work since it is
easie for the signal to go through glass instead of bricks and steel. Bu still, GPS would have

decreased accuracy.

In the light of the basic information about the working principles of GPS8stit can be
statedthat GPS does not provide accurate and riglillzation information when the user is
inside. To achieve this vulnerability, systems whichiadependent o&6PS can be used. In

large indoor places such as universities, shopping malls, libraries, airports, positioning is get-
ting more important andecessary notion day by day. For better positioning, GPS would not

be the first choice. In this case, different systems must be produced.

As the main focus of the project, a locating and positioning system which is independent of
GPS was needed to be demd. On the first stage of the research, main literature and source
review was conducted. The main purpose was to find a software that can achieve this chal-
lenge somehow. Besides, a developable and flexible software was a necessity as well, to
enhance andiake it usable for outdoor applications and improve it for the purposes of the

research.

In that stage, many different methods and software have been tried. The very first aim was

developing a system which bases the mapping of amWesiii signals and ddeving the
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GPSIndependent Outdoor Positioning System via measuring and calculating the signal
power of thes&Vi-Fi sources. There is an open source project which is available for almost
all countries and cities around the world and which contains tlaidos, SSIDs, signals
strengths and other information fi-Fi hotspots. Its name is WIiGLE]. This WiFi map

is far reaching, as can be observed. However, thel@R$pendent Outdoor Positioning Sys-

tem had planned to be avdila especially for roads. As can be seen, WIiGLE is not an appli-
cation which has specialized for roads and pedestrian walks. Due to this fact, the focus of the

project was shifted.

Another idea was developing and adapting an already existing positiostegsyhich does

not use GPS. In the research, it was dawned on that indoor positioning systems can be helpful
to achieve GPInhdependent Outdoor Positioning System. The next target was to find a stable
and handy software to use for the first indoor appbeoa lndoor navigation was not the main

focus of the research, however, an indoor locating software which has a stable working prin-

ciple was a big step for the outdoor implementation.

After several attempts, IndoorAtlas mobile application has been chodsn used. Since
working principle of IndoorAtlas is smart and it has a tfeendly using procedure, In-

doorAtlas was the best choice for the project.

1.2. Methodology

In this regarch, practical methods wemdlowed. A systenwasdeveloped and applied to
both inside and outside areas. The nignobjective of the research waesveloping a sys-
tem which does not require GPS Technology to navigate outside. For this purpose, In-
doorAtlas Mobile Application was examined, new maps waeated for both outside and
inside places in Eshia, Tallinn, these maps wetestedthen, the same experiment wags
plied to Turkey, Istanbul. Finally, a new mobile application which is built on IndoorAtlas,
since it isfree to use and develop, was developed and final tests edoerpedvia this

new application.
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1.3. Research Questions

As mentioned in the above, IndoorAtlasainly its infrastructuresoftware was used for

the main purpose of the project. IndoorAtlas is a software which was mainly developed for
indoor positioning and has an algorithm which makes indoor positioning without GPS
possible with only the usage of sensors, gyroscope, and compass inside of the device (Fur-
ther information regarding the working principles of IndoorAtlas will be presented in later

chapters.) Athis point, main research question arises:

1 Isit possible to use IndoorAtlas on the outside for positioning and navigating after
required adaptations were implemented?

1 Are anomalies and fluctuations of the ambient magnetic field, which is the base of
theworking principle of IndoorAtlas, could be beneficial and useful for GPS

Independent Outdoor Positioning?
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2. IndoorAtlas

é IndoorAtlas

Figure 1. IndoorAtlas lo@ [5]
IndoorAtlas application is a product of IndoorAtlas L&bmpany{5] which is located in
Oulu, Finland. It is free to use and develop the IndoorAtlas, which makes it preferable. It
offers 12 meters accuracy when it is set upperly. It usesi B| u e poBitaoning,and
while there are numerous positioning technologies including BeaRad#) ,andWi-Fi, In-

door Atl as uses basically Earthoés magnetic fi

Il n the indoor s, Eart hds ma g n eftthe building @&agd i nt er
netic Positioning). IndoorAtlas uses the devi

and ot her sensors to map the effects of the

2.1 Working Principle of IndoorAtlas

As mentioned beforentdoorAtlas uses the map of the distorted magnetic field of the Earth.
IndoorAtlas has two main stages: Web Ul and Mobile App. Once the user logs into the system

via an account which can be signed up easily, one has the ability to create a map. IndoorAtlas
contains a global map like Google Maphe lseri s supposed to find the
which s/he wants to create a map for, for the purpose of positioning, on the global map of
IndoorAtlas, then upload an imagethé floorplan of that building intahe system and put

this imageon the building, on the map. This step can be done via both Web Ul and Mobile

App.

18



Figure 2. Application of floorplan on the global maj6]

After the floor plan idetched, a magnetic field map is needed to be prepared. Once user did
and saved previous changes into his/her account, s/he would be able to see this sketch on the
global map after logging into the system from a mobile device. However, this floor plan will

be available only for the user until the magnetic map is generated. Once the magnetic map is

prepared, the map can be set as publically available.

After the user logged into the system from the mobile device and open the floor plan of the

building, s/hes supposed to locate his/her starting point onto the map, locate his/her arrival

point as well, then start to walk between these two points into the building after pressing

record button on the app. The line between these two points may both be a eustraight

line. The device must be held in the portrait orientation while this operation and the stop

button must be clicked after the last checkpoint is achieved. Maintaining a constant speed
while walking is recommended for better analyzing. The ussupposed to do this for all

the corridors and halls of the building and record these paths.

19



Figure 3. Example record of the paths of a vefié

Once all these paths are recorded, the software Weantsser to create a test path. This means
that theuseris supposed to determine two different points in a straight line on the paths s/he
creatednthe previous step and walk between these points. The distance between these points
must be 1615 meters at least, and this operation may be done for more than one path. In fact,

at least 30% of the total length of the map should be passed for test paths.

After all these steps, the map is ready to be used. The user must upload this map to the servers
of IndoorAtlas. Once the map is uploaded, it can be set as open to public and everyone who
visits this particular area can use this map, this is all abouthihiee of the creator of the

map.

After uploading, the map can be used. While using IndoorAtlas, an internet connection is
required since the map is pulled from the cloud servers of IndoorAtlas and IndoorAtlas ser-
vice isa PaagPlatform as a System). Hawer, once the map is pulled, internet connection

is not necessary since IndoorAtlas does not a@eidternetconnectiorfor positioning. Be-

sides, it also does not require any additional hardivguet uses the internal hardware of a

mobile device (gyrasope,acceleratorand compass).

Sometimes, the device may ask for the calibration. It needs the sensors to be calibrated for
better accuracy. In this cagbe devicemust be rotated in all three axes until the app says it
has reached 100%. Besides, oahye path for wide corridors and halls would reduce the
efficiency and accuracy of positioning. To achieve/overcome this problem, more than one

path would be recommended.
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(@) Awell-coveredhall (b) Well covered corridors (c) Badly recorded corridor

Figure 4. Examples of well and badly covered verjugs
As can be seen from the figures above, big halls and corridors should be covered as many
paths as possible for better accuracy. Insufficient pathdd reduce the accuracy of posi-
tioning.

Different maps for different floors of a building can be created via IndoorAtlas. While gen-
erating maps, there is an option which lets the user determine which floor is the floor plan
that the user uploading belps{8].

2.1.1. Magnetic Positioning

In nature, many animals and insects find their way with the help of the magnetic field of
Earth, instinctively. Today, the vast majority of people have a smart device which detects the

changes inthis magnetic field.

Each building has different magnetic field maps since their steel structure and other materials
are different and Earthdéds magnetic field
view of magnetic positioning technology, it che stated that more steel structure is better

for the accuracy of the positioning operatj8i
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Figure 5. Magnetic field map of a buildin@]

2.1.2. Magnetic Anomaly

The magneticanomaly can be defined as; deviations in values of a magnetic field on the

surface of the earth from the normal val{i&3]. The magnetic field of Earth surrounds all

the globe. However, it might show different valaesl orientations on some specific location

on Earth. Basically, this situation is what I
is generally a result of variations in the chemical and magnetic characteristic of rocks. Due

to different rock typs on different locations of Earth have different chemical and magnetic

structure, it is possible to observe different values for the magnetic field of Earth.

Because of magnetic anomaly, each different location on Earth has its own unique magnetic
field value. Basically, this can be said that magnetic anomialya gnet i cal |y f i nge
the world[8].

IndoorAtlas uses this feature tife magneticanomaly. Since all the buildings have steel
structures and building materials, $lesteel and chemical materials would distort the mag-
netic field of the earth and other ambient magnetic fields. Besides, naturally, there are differ-
ences in the steel structure and building materials of buildings from point to point. By reason
of these dferences, the floors of the buildings would be magnetically fingerprinted. In other
words, each different location of a building would have different magnetic field value. In-

doorAtlas, basically, uses thediéferent magnetic field values to recognize #wtual
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Figure 6. Anomaly map of the magnetic field of the E4ttH

location with the help of the internal sensors of the device.

Similarly, in this project, the magnetic anomaly of the magrietid of Earth, which is the
result of the nature (rocks, dirt, etc.) and structure of the roads and sidewalks (steels, cables
and pipes under the roads, chemical materials), is planned to be used to overceme GPS

Independent Outdoor Positioning System.

2.1.3. The Mobile Device Which Was Used During Experiments

During all the experiments performed and mentioned above, LG G2 D802TR Smart Phone
with Android OS was used.G G2 D802TRhas Accelerometer, dnetometer, Gyroscope

and Roation Vector Sensor

The accelerometetG G2 D802TRhas (LGE Accelerometer) has been produced by
STMicroelectronics. Its resolution is 0.0011901855 ’méd maximum range is
39.2265930176 ns

LGE Magnetometer has produced by AKM Company. Its resolution is 0.1495361328 uT
while the maximum range is 4911.995117188 uT.
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LGE Gyroscope has produced by STMicroelectronics. Its resolution is 0.0012207031 rad/s
while the maximum range is 34.9065856934 rad/s.

Finally, Rotation Vector Sensor has produced by QTI. Its resolution is 0.00896 and the
maximum range is 1.0000000000 rad/s.

2.1.4. Working Principle and Physics ofthe Sensors Used by IndoorAtlas

As mentioned before, IndoorAtlas uses three internal of the mobile device; accelerometer,
gyroscope, and compass. These sensors are MEMSo@ectromechanical Systems) De-
vices and have the same principles with the mechanic ones.

The internal accelerometer calculates the acceleration in three different dimensions; X, Y,

and Z. For instance, when the device is in portrait mode and lyingrooaissurface stead-

ily, the acceleration value on fAzo0o axis woul
since the only acceleration which affects the device on such a position would be the gravita-

tional acceleration.
As per Newt on 0 sorcgondan dbgovcan ke bxpresded as; F
O aa&bd (2)

Wher e fAmo & 8 agoaesatson. annmmdderii technology, MEMS (Microelectrome-

chanical Systems) Devices are used on a single chip to detect acceleration. As can be seen
from the Newtonds 2nd Law, on the axis whict
acceleration iexpected to be 9.8 m/s2. This constant leads the accelerometer to be used to
measure the tilt as wel/l. When the device i:¢

following formula.

.- DQOI 600 MBQA QI &
| OEI 5 2)

The MEMS accelerometers consist of a mass which is attached to springs and adjusted to
move along only one direction. The mass has lateral parts and these lateral parts are between

capacitor plates. The distance between these lateral parts and capaeihgsscwith the

24



movement of the mass. Thus, the capacitance between these plates also changes and the

change of capacitance is sensed, calculated and served as acceleration information.

Besides the accelerometer, the gyroscope is also an important senssrgrocess. A gy-

roscope had three different angular gradient values in three different axes; Roll, Pitch, and
Yawn. The groscopei s a device which can rotate in t
rotation axis is not affected by rotation or tiltingtbe mounting. The main reason for this

situation is the conservation of angular momentum.

This situation can be explained with the Ne

object can be described as;

@ a8 (3)

And the acceleration can described as;

Qw

- Q¢ 4
T (4)
So the Net Force would be;

Qda w

Sinced &b equation gives the linear momentum (P) of the object, the Net Force linearly can

be described as;

Qp

Qo (6)

For rotational "iawdtanlemdapd e iited Més axs sume t hat
onz-axiswith the angular velocity of . In linear motion, the Net Force woufttlucetoward
translatory motion. Similarly, the Net Torque on the object wandidicetoward the rota-

tional motion. This rotational motion can be described as;
25
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(7)

As can be seen from the equation above, the Net Torque is derived from the Net Force equa-
tion, however, instead of mass and linear acceleratiomentof inertia andangular accel-

eration were used. In this equation, angular acceleration can be described as;

. Ab
© (8)
And the Net Torque would be;
2 Ad)

Sincg 8Qequation gives the angular momentum (L) of the object, the Net Torque angularly

can be described as;

AP
2 Ko (10

The equation above gives the Newtonds 2nd
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Figure 7. Gyroscope sketch
The image abovshows a draft of a gyroscope. While the wheel of the gyroscope rotates, an
angular momentum appears along its axis (L). Besides, there is a torque which affects the
wheel , and, this torque is perpendicielar to
rotating on its own axis (Gyroscopic Precession Motion), there would be an angular momen-
tum gradient. And, this angular momentum gradient would be perpendicular to the plane, in
the same direction of the tor quéddbewniecdor . Acc

for gyroscope during these rotational motions on different axes.

3 3P
(11)

Thus, since Newt onos 2nd Law i s bal anced, a

gyroscope would stand in the balance.

Il n todayods e gymscopesane populadi@be usede Gyroscopes are mainly used
to detect slight spins and rotations on each axis. With this detection, for example, the flight
route can be stabilized on a plane. Or, as another example, different applications, which has
functions related to the elevation of the device, can be used in a mobile device which contains

a digital gyroscope.
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A digital gyroscope can have single or double axes, faxiSgyroscopes are mainly used

in mobile devices. These&kis MEMS gyroscopes caretict the angular gradients in three
different axes.

As can be seen from the image below, a MEMS Gyroscope has a resonating mass inside. As
the gyroscope is rotated, the small mass changes it location since the angular velocity changes
with the effect ofmertia. The movement and changes in the location of the mass are converted
into low-current electric signals and with the sensing of these signals, the movement of the
mass, accordingly, the shift on the angle of the device is calculated. The radisskaidhi

of MEMS gyroscopes is usually between 1 and 100 micromgi2}s
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Figure 8. MEMS Gyroscop§l3]
Accelerometer and gyroscopes are used together to calculate the orientation of the device
precisely. Accelerator can calcite the linear motion of the device. Howmavgrccelerator
would not be enough to get the information of the angular orientatite afevice. With the
help of 3axis gyroscope on the data which is gathered ftaacceleratgrbesides the linear

orientation, lateral orientation or tilt would also be calculated.

Finally, the last sensor which is used by IndoorAtlas is magnetor@ehe calculation of

the ambient magnetic field, there are four main concepts and the producers choose one of
these concepts to apply most suitable magnetic field calculation. These concepts are; Hall
Effect, Giant Magnetoresistance (GMR), Magnetic TumgeDunction (MTJ) and Aniso-

tropic Magnetoresistance (AMR)he most popular method which is used by magnetometers

is Hall Effect. Hall Effect is based on the anomaly of the current which is on a thin, conduc-

tive plate. Under a certain magnetic field, therent which is applied to a thin plate would
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flow on a different path other than a straight line, depending on the magnitude of the magnetic
field. Due to this difference on the path which current flow follows, positively charged par-
ticles would be loc&d on the opposite side of the flow. This situation would cause a potential
on the thin plate. This is the basic principle of Hall Effect, and, with the calculation of this
potential, the magnitude of the ambient magnetic field would be calculated irdthmee-
sions[14].
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3. Indoor Experiments with IndoorAtlas

Indoor application of IndoorAtlas was not the main purpose, however, it was a good and

necessary application to see how the application works and how to use it efficiently.

For this first experiment, a big and popular venue was needed. Accordingly, Kristiine Keskus

in Kristiine Region of Tallinn, Estonia was chosen to try indoor positioning.

As mentioned before, there were some procedures to follow to create a map.d-irshuié
was created via the Web Ul of IndoorAtlas. It has a simple andfisedly Ul, and it is

easy to find and create a venue after signing up to the system.

Kristiine Keskus has two floors. With the floor option on the website, two different floors

were assigned to the mall. So, map generating was made available for both floors.

For mapping, floor plans of both floors were needed. These plans were collected from the

official website of Kristiine KeskugL5].

Figure 9. Global map of IndoorAtlas
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These images of floor plans were uploaded to the system and implemented onto the coordi-

nates of the mall, on the map of IndoorAtlas. This step was aoreoth first and second

floor.

t. IndoorAtias

Kristiine Keskus

Kristiine Keskus

Floorplanid
ac3f3177-a191-4269-9e09-cb192a6besSab

Floorld
1591c0a0-4¢04-4161-89d0-82actdfcalad

Venueld
dfgfec5b-00b8-4ceb-bdd4-cladaidadida w2

Map status
Latest map created at 2015-11-24 06:50:53

Geocoordinates
59.4279174311098 24.72501039505
59.4252652653088  24.7230041027069

59.4259583395603  24.7265446186066
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Floorplanid
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Venueld

dffecsb-00b8-4ceb-bad4-cla9a3dad3da

Map status
Latest map created at 2015-11-24 07:37:19

Geocoordinates
59.4279119741878  24.7250640392303

59.4272243949713  24.721405506134

59.4252980073881  24.7228217124939
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Figure 10. Application of floor plans to both floors

After all the path was crossed, the software wants the user to walk through some random

parts of the path again, to save test paths for better accuracy. Since this wasekpdiirst

ment, all paths were crossed over again, to record better test paths. In following figures, test

paths are shown with light blue lines.
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Since the building is magnetically fingerprinted and this information is recorded, the software
would recognize t current position and the direction of the movement from the change of
distortion ofthe magneticfield.

Kristiine Keskus Kristiine Keskus 2

& PRISMA T )

@ e 4 & = @ e A ©o =

(a) Recorded paths of'floor (b) Recorded paths of'2floor

Figure 11. Recorded paths of both floors
After all thepath was crossed, the software wants the user to walk through some random
parts of the path again, to save test paths for better accuracy. Since this was the first experi-
ment, all paths were crossed over again, to record better test paths. In followreg,figst

paths are shown with light blue lines.

Since the building is magnetically fingerprinted and this information is recorded, the soft-
ware would recognize the current position and the direction of the movement from the

change of distortion of the maetic field.

Both maps for both floors of the mall were ready to be used after this step. To find the correct
location,the useris supposed to click on the starting point on the map, then start walking.
Since the building is magnetically fingerprinted and this information is recorded, the software
would recognize the current position and the direction of the movement from tlgedabian

distortion of the magnetic field.
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Figure 12. Test paths of both floors

Kristiine Keskus

P -
& =

Figure 13 Purple dot shows the point which is clicked as the starting point by the user

The maps were tested for both floors.
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@) (b)

© (d)
Figure 14. The results of the indoor positioning test
As can be seen from the images and figures above, IndoorAtlas was working2witbtérs
accuracy. These results show that IndoorAtlas is a reliable andriepelly software when
the necessary conditions are supplied. Results of this experiment alsthahdndoorAtlas

may be useful to develop @PSIndependent Outdoor positioning system under proper
conditions.
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