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Abstract

This “Graduation Thesis” was written regarding the research which was conducted to de-
velop a positioning system that does not require GPS. Since the device must see the satellites
directly -without any obstacles- for better positioning on GPS Technology and GPS Tech-
nology has other vulnerabilities as mentioned in other chapters, the IndoorAtlas mobile ap-
plication which has been produced for indoor positioning was tested and developed for GPS-

Independent Outdoor Positioning System.

In this work, the main goal was improvement/development/research of positioning technol-
ogies for GPS-denied environments. 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
the both 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 Estonia, Tallinn and Turkey, Istanbul. For this applica-

tion, crowded, central and busy locations of these cities were chosen.

As the final step, a mobile application for Android Platform was developed. Actually, an
external mobile application (IndoorAtlas) was used for indoor and outdoor experiments.
However, this new mobile application was designed more detailed whilst it was using the
IndoorAtlas’ infrastructure. Both of the maps which were created for Istanbul and Tallinn
were implemented into this new application with different additional features. Further details

about this new mobile application will be 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 its outside area was planned. Besides, some other
technical details for the development of the whole system and the new mobile application

were also planned as additional future researches.
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This thesis was written in English and is 78 pages long, including 9 chapters, 34 figures, and
1 tables.



Annotatsioon

GPS-ist s6ltumatu valipositsioneerimissisteemi

Antud 16put6d on uurimus, mille eesmark oli luua positsioneerimissusteem, mis ei pea kaa-
sama GPS-i. GPS-seadmel peab hea positsioneerimise jaoks olema takistusteta otsetihendus
satelliitidega, lisaks on GPS tehnoloogial muidki nérkuseid, mida mainitakse teistes peatiik-
kides, mist6ttu testiti ja arendati siseruumides positsioneerimiseks loodud IndoorAtlas mo-
biilirakendust GPS-ist sGltumatu vélipositsioneerimissiisteemi jaoks (GPS-Independent Out-
door Positioning System).

T6O peamine eesmark on parandada ja arendada positsioneerimistehnoloogiate t66d kesk-
kondades, kus GPS ei toimi. Eesmérgi saavutamiseks kohandati algselt siseruumides pos-
itsioneerimiseks mdeldud siisteemi (IndoorAtlast) mdnede olulise tahtsusega asukohtade
jaoks Tallinnas. Esmase t66 jaoks valiti tiks suuremaid ostukeskuseid Tallinnas. Siisteemi

rakendati ostukeskuse mdlemal korrusel.

Seejarel seati peaeesmargiks arendada stisteemi vélipositsioneerimiseks ning seda rakendati
vOtmeasukohtades Eestis Tallinnas ja Tirgis Istanbulis. Antud rakenduse jaoks valiti rah-

varohked, linna keskuses asuvad ja toimekad kohad.

Viimase sammuna loodi mobiilirakendus Android platvormile. Tegelikult kasutati valikasu-
tuseks mdéeldud mobiilirakendust (IndoorAtlast) siseruumides ja dues korraldatud eksperi-
mentides. Siiski, uue mobiilirakenduse tlesehitus on tksikasjalikum, kuid selles kasutatakse
IndoorAtlase infrastruktuuri. Nii Istanbuli kui Tallinna kohta loodud kaarte juurutati uues
rakenduses koos erinevate lisaelementidega. Uut mobiilirakendust on tdpsemalt kirjeldatud

t00 jargmises peatukis.

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

rakendust tédiendada mdnede 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 has always been on a
journey to “ultima thule” [1]. 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 reliable 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 which combines
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 get the information of the current
latitude with the help of the Sun. Then, chip-logs 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 which is still 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 Watson-Watt in 1935.
In following years, Long Rang Navigation (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 system and its 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 sky and a limitless number of
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 vulnerabilities [3]. To use GPS System efficiently and get the most
accurate result, 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 positioning 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 when it gets inside. Building materials also have an impact on the
quality of the incoming signal and the accuracy. When the user gets close to a window inside
a house, or if the user in a high building with large windows, GPS could still work since it is
easier 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 GPS Systems, it can be
stated that GPS does not provide accurate and reliable location information when the user is
inside. To achieve this vulnerability, systems which are independent of GPS can be used. In
large indoor places such as universities, shopping malls, libraries, airports, positioning is get-
ting more important and necessary 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 designed. 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 and make 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 ambient Wi-Fi signals and achieving the
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GPS-Independent Outdoor Positioning System via measuring and calculating the signal
power of these Wi-Fi sources. There is an open source project which is available for almost
all countries and cities around the world and which contains the locations, SSIDs, signals
strengths and other information of Wi-Fi hotspots. Its name is WiGLE [4]. This Wi-Fi map
is far reaching, as can be observed. However, the GPS-Independent Outdoor Positioning Sys-
tem had planned to be available especially for roads. As can be seen, WiGLE 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 positioning system which does
not use GPS. In the research, it was dawned on that indoor positioning systems can be helpful
to achieve GPS-Independent Outdoor Positioning System. The next target was to find a stable
and handy software to use for the first indoor application. Indoor 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 chosen to be used. Since
working principle of IndoorAtlas is smart and it has a user-friendly using procedure, In-

doorAtlas was the best choice for the project.

1.2. Methodology

In this research, practical methods were followed. A system was developed and applied to
both inside and outside areas. The primary objective of the research was developing a sys-
tem which does not require GPS Technology to navigate outside. For this purpose, In-
doorAtlas Mobile Application was examined, new maps were created for both outside and
inside places in Estonia, Tallinn, these maps were tested, then, the same experiment was ap-
plied to Turkey, Istanbul. Finally, a new mobile application which is built on IndoorAtlas,
since it is free to use and develop, was developed and final tests were performed via this

new application.
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1.3. Research Questions

As mentioned in the above, IndoorAtlas -mainly its infrastructure- software was used for
the main purpose of the project. IndoorAtlas is a software which was mainly developed for
indoor positioning and it 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.) At this point, main research question arises:

e Isit possible to use IndoorAtlas on the outside for positioning and navigating after

required adaptations were implemented?
e Are anomalies and fluctuations of the ambient magnetic field, which is the base of
the working principle of IndoorAtlas, could be beneficial and useful for GPS-

Independent Outdoor Positioning?
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2. IndoorAtlas

é IndoorAtlas

Figure 1. IndoorAtlas logo [5]

IndoorAtlas application is a product of IndoorAtlas Ltd. Company [5] which is located in
Oulu, Finland. It is free to use and develop the IndoorAtlas, which makes it preferable. It
offers 1-2 meters accuracy when it is set up properly. It uses “Blue Dot” positioning, and
while there are numerous positioning technologies including Beacons, Radio, and Wi-Fi, In-

doorAtlas uses basically Earth’s magnetic field.

In the indoors, Earth’s magnetic field interacts with the steel structure of the building (Mag-
netic Positioning). IndoorAtlas uses the device’s (smartphone, tablet computer, etc.) compass

and other sensors to map the effects of the Earth’s magnetic field over the building.

2.1.Working Principle of IndoorAtlas

As mentioned before, IndoorAtlas 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 Map. The user is supposed to find the building’s location
which s/he wants to create a map for, for the purpose of positioning, on the global map of
IndoorAtlas, then upload an image of the floor plan of that building into the system and put

this image on the building, on the map. This step can be done via both Web Ul and Mobile
App.
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Figure 2. Application of floor plan on the global map [6]

After the floor plan is fetched, 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/he is 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 curve or a straight
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 user is supposed to do this for all

the corridors and halls of the building and record these paths.
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Figure 3. Example record of the paths of a venue [6]

Once all these paths are recorded, the software wants the user to create a test path. This means
that the user is supposed to determine two different points in a straight line on the paths s/he
created in the previous step and walk between these points. The distance between these points
must be 10-15 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 about the choice 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 is a PaaS (Platform as a System). However, once the map is pulled, internet connection
is not necessary since IndoorAtlas does not need an internet connection for positioning. Be-
sides, it also does not require any additional hardware — just uses the internal hardware of a

mobile device (gyroscope, accelerator, and compass).

Sometimes, the device may ask for the calibration. It needs the sensors to be calibrated for
better accuracy. In this case, the device must be rotated in all three axes until the app says it
has reached 100%. Besides, only one 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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(@) A well-covered hall (b) Well covered corridors (c) Badly recorded corridor

Figure 4. Examples of well and badly covered venues [7]
As can be seen from the figures above, big halls and corridors should be covered as many
paths as possible for better accuracy. Insufficient paths would 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 belongs [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 in this magnetic field.

Each building has different magnetic field maps since their steel structure and other materials
are different and Earth’s magnetic field is distorted by these materials. From the point of
view of magnetic positioning technology, it can be stated that more steel structure is better

for the accuracy of the positioning operation [8].
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Figure 5. Magnetic field map of a building [9]

2.1.2. Magnetic Anomaly

The magnetic anomaly can be defined as; deviations in values of a magnetic field on the
surface of the earth from the normal values [10]. The magnetic field of Earth surrounds all
the globe. However, it might show different values and orientations on some specific location
on Earth. Basically, this situation is what “Magnetic Anomaly” is called, and, this irregularity
is generally a result of variations in the chemical and magnetic characteristic of rocks. Due
to different rock types 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 anomaly “magnetically fingerprints”
the world [8].

IndoorAtlas uses this feature of the magnetic anomaly. Since all the buildings have steel
structures and building materials, these steel 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 differences, 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 these different magnetic field values to recognize the actual
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Figure 6. Anomaly map of the magnetic field of the Earth [11]

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

Similarly, in this project, the magnetic anomaly of the magnetic field 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 overcome 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. LG G2 D802TR has Accelerometer, Magnetometer, Gyroscope

and Rotation VVector Sensor.

The accelerometer LG G2 D802TR has (LGE Accelerometer) has been produced by
STMicroelectronics. Its resolution is 0.0011901855 m/s? and maximum range is
39.2265930176 m/s?.

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 0.0000000596 and the
maximum range is 1.0000000000 rad/s.

2.1.4. Working Principle and Physics of the Sensors Used by IndoorAtlas

As mentioned before, IndoorAtlas uses three internal of the mobile device; accelerometer,
gyroscope, and compass. These sensors are MEMS (Microelectromechanical 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 lying on a smooth surface stead-
ily, the acceleration value on “z” axis would be around 9.8 (can vary between 10 and 9.6)
since the only acceleration which affects the device on such a position would be the gravita-

tional acceleration.
As per Newton’s 2nd Law, the Net Force on an object can be expressed as;
F=m.a 1)

Where “m” is mass and “a” is acceleration. In modern technology, MEMS (Microelectrome-
chanical Systems) Devices are used on a single chip to detect acceleration. As can be seen
from the Newton’s 2nd Law, on the axis which directly points the center of the Earth, the
acceleration is expected to be 9.8 m/s2. This constant leads the accelerometer to be used to
measure the tilt as well. When the device is tilted, the tilt angle (0) can be measured with

following formula.

Measured Acceleration)

0= sin‘l(
g

)

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 capacitors changes with the
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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 sensor on this process. A gy-
roscope had three different angular gradient values in three different axes; Roll, Pitch, and
Yawn. The gyroscope is a device which can rotate in there different axes. A gyroscope’s
rotation axis is not affected by rotation or tilting of the mounting. The main reason for this

situation is the conservation of angular momentum.

This situation can be explained with the Newton’s 2nd Law. The “Net Force” on an “x”

object can be described as;

> F=ma, 3)

And the acceleration can be described as;

4

= — 4
So the Net Force would be;
d(mV
> =S50
(5)

Since m.V equation gives the linear momentum (P) of the object, the Net Force linearly can

be described as;

F_,_dﬁ
= —
dt (6)

For rotational motion, Newton’s 2" Law can be adapted. Let’s assume that a wheel rotates
on z-axis with the angular velocity of w. In linear motion, the Net Force would induce toward
translatory motion. Similarly, the Net Torque on the object would induce toward the rota-

tional motion. This rotational motion can be described as;
25



Z%’:I.a

(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 acceleration, moment of inertia and angular accel-

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

dw

o= —

And the Net Torque would be;
2 L d(wh
EARET:

(9)

Since w. I equation gives the angular momentum (L) of the object, the Net Torque angularly

can be described as;

dL.
T=— (10)
Z T

The equation above gives the Newton’s 2nd Law for rotational motion.
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Figure 7. Gyroscope sketch

The image above shows 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 perpendicular to the plane. If the wheel rotates on “z” axis while
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 torque vector. Accordingly, Newton’s 2nd Law would be verified
for gyroscope during these rotational motions on different axes.

Z?zAi

(11)

Thus, since Newton’s 2nd Law is balanced, as can be seen from the equation above, the

gyroscope would stand in the balance.

In today’s electronic devices, gyroscopes are popular to be used. 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, but 3-axis gyroscopes are mainly used

in mobile devices. These 3-axis MEMS gyroscopes can detect 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 of inertia. 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 radius of this kind

of MEMS gyroscopes is usually between 1 and 100 micrometers [12].
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Figure 8. MEMS Gyroscope [13]
Accelerometer and gyroscopes are used together to calculate the orientation of the device
precisely. Accelerator can calcite the linear motion of the device. However, only accelerator
would not be enough to get the information of the angular orientation of the device. With the
help of 3-axis gyroscope on the data which is gathered from the accelerator, besides the linear

orientation, lateral orientation or tilt would also be calculated.

Finally, the last sensor which is used by IndoorAtlas is magnetometer. On the 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 Tunneling Junction (MTJ) and Aniso-
tropic Magnetoresistance (AMR). The 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, the current 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 located 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 in three dimen-
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. First, the venue
was created via the Web Ul of IndoorAtlas. It has a simple and user-friendly 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 Keskus [15].

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 done for both first and second

floor.
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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 was the first experi-
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 the current position and the direction of the movement from the change of

distortion of the magnetic field.
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Figure 11. Recorded paths of 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 was the first experi-
ment, all paths were crossed over again, to record better test paths. In following figures, test

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 magnetic field.

Both maps for both floors of the mall were ready to be used after this step. To find the correct
location, the user is 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 the change of

distortion of the magnetic field.
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Figure 12. Test paths of both floors
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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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Figure 14. The results of the indoor positioning test
As can be seen from the images and figures above, IndoorAtlas was working with 1-2 meters
accuracy. These results show that IndoorAtlas is a reliable and user-friendly software when
the necessary conditions are supplied. Results of this experiment also show that IndoorAtlas
may be useful to develop a GPS-Independent Outdoor positioning system under proper
conditions.
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4. Experiments with GPS-Independent Outdoor Positioning

System, Tallinn

4.1.Experiment with GPS-Independent Outdoor Positioning System,
Tallinn: On Foot

After the success attained in the first experiment, IndoorAtlas had had to be tried for Outdoor
applications for the main purpose of the project. As mentioned before, IndoorAtlas uses the
anomalies and fluctuations of ambient magnetic field (especially the magnetic field of Earth)
which is caused by the reinforced steel structure and the building materials of buildings. In

the light of this knowledge, the second research question was needed to be tested:

e Could the anomalies and fluctuations of the ambient magnetic field, which is the
base of the working principle of IndoorAtlas, be beneficial and useful for GPS-

Independent Outdoor Positioning?

The motivation behind this step of the project and the experiment was the idea of that there
are enough steel and building materials under the roads. Like the corridors and the halls of
buildings, in the same way, the outdoor roads can be magnetically fingerprinted since there

is enough ambient magnetic field outdoor (especially the magnetic field of Earth).

For this experiment, a busy and central location which is surrounded by big towers and build-
ings that have reinforced steel structures was chosen. This location was Tornimée, Ravala
Puiestee (Avenue), Tallinn, Estonia. The main objective of this experiment creating a model
map for GPS-Independent Outdoor Positioning System in a pilot area. The steps which were
supposed to be taken were the same as the indoor application. In the previous experiment,
similarly, a map of the location was required. In the outdoor application, the floor plans of
the mall were used. In this experiment, the actual maps of the roads were necessary. To

achieve this issue, IndoorAtlas’ global map itself was used. An image of the pilot area was
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taken from the global map, then it is applied to the global map itself; just like the floor plan

of the mall was applied onto the location of the mall on the global map.

Tornimae

o\
>/

Figure 15. Floor plan of Tornimée
The same process as the indoor application was followed in this outdoor application as well.
First, main roads were passed on foot. Since it is planned as usable for pedestrians; sidewalks
and crosswalks were passed and mapped. Then, after the map was generated and paths were
recorded, test paths were prepared. Almost all the road was walked again to create a map

with a better accuracy.

As can be seen from the figures above, the main roads in Tornimée, around SEB Pank Main
Branch, Stockmann AS Kaubamaja (Mall), Swiss6tel Tallinn, Radisson Blu Sky Hotel Tal-
linn, were mapped for a pilot project. This area is one of the central locations of Tallinn, so,
from this point of view, this experiment was going to be useful and helpful to see if this

system is suitable and usable for outdoor positioning or not.

Following figures show the result of the experiment. As can be seen from these figures, this
experiment was successful, and the results show that IndoorAtlas could achieve GPS-
Independent Outdoor Positioning project by using anomaly map of ambient magnetic field

caused by the concentrated structure of roads and the surrounding buildings.
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Figure 16. Path records and test paths for on foot outdoor application
With the success attained in this step of the experiment, the way for the GPS-Independent
Outdoor Positioning project became wide open, since this test showed that IndoorAtlas can

use the effects of the outdoor materials over, especially, the magnetic field of Earth.

These figures and images show that the experiment was successful and accuracy of IndoorAt-

las, especially around high and steel-structured buildings is around a few meters.

However, this was not the final step for the project. This step was rather instructive since it
showed that IndoorAtlas is usable with the outdoor ambient magnetic field, but, besides this
step, outdoor usage of IndoorAtlas had to be tested in a vehicle. The next step of the project

was about this experiment.
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Figure 17. The results of outdoor positioning test in Tornimée



4.2 . Experiment with GPS-Independent Outdoor Positioning System,
Tallinn: By Vehicle

Until this stage of the project, IndoorAtlas was tried indoor, to see and understand its working
principle, then it was tried outdoor, to see if the working principle is suitable for outside or
not. The second experiment, the outdoor application was successful and accuracy of the sys-
tem was a few meters. Yet, the main and the most important point is to develop this system
as a car navigation system, since the number of people who use their cell phones for GPS
navigation in the United States was 66.3 Million by the year 2012 [16] and, volume of car-
navigation systems by category worldwide by the year 2012 was 230 Million [17]. These
statistics show that there is a huge volume of usage of GPS Systems in cars. In the light of

these facts, it was a necessary to test the system for vehicles as well.

The test with a vehicle might result differently. Since, as mentioned before, IndoorAtlas uses
metal fluctuations of the ambient magnetic field. In this case, the cage construction and steel

structure of a vehicle may give rise to different results and accuracy values.

From this point of view, it can be considered that it is possible to observe different accuracy
and precision values in this part of the experiment. Different accuracy values can negatively
affect the usability of the whole project unless it is negligible. There might be several reasons

for this situation:

e Recording of the paths will be conducted while in a moving vehicle. Since this move-
ment would be faster that movement of a person, getting data samples for the software
might be harder

e Since the recording operation of the paths will be processed in a vehicle, the cage
construction and steel structure of a car may affect the result.

e After the paths are recorded, the map probably will be used in a different vehicle.
Basically all the vehicles, roughly, have similar shapes. However, small differences
between metal structures of different vehicles might result in different accuracy val-

ues.

Under these circumstances, it was possible to observe some differences and potential prob-

lems. However, these differences might be negligible.
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In the light of these predictions, the “Vehicle Application of GPS-Independent Outdoor Po-
sitioning System” was started. For this experiment, it would have been a good decision to
prefer a frequently-used vehicle by public. Clearly, public transportation would have been
the best choice for this test to see if the system works inside of a vehicle or not.

For this experiment, one of the bus lines of Tallinn, number 40 (Viru Keskus — Pelguranna)
was chosen. This bus line has many stops, yet, the test was performed between Harjapea and
Viru Keskus stops. The bus passes Telliskivi, Tehnika, Vabaduse Valjak and Estonia regions
between these stops. Besides, the test was performed for both directions (Harjapea — Viru

Keskus, Viru Keskus — Harjapea).

As the previous experiment, a map of the location was required. Similarly, IndoorAtlas’
global map itself was used and an image of the route which was passed was taken from the
global map, then it was applied to the global map itself.

Tallinn

Figure 18 Floor plan of Harjapea - Viru Keskus line
The bus 40 was taken from Harjapea stop, and, the map was started to be created part by part,
along the road. All the road was recorded from Harjapea to Viru Keskus and from Viru
Keskus to Harjapea. Then, the same road was passed again by another bus, to record the test
maps to provide better accuracy to the system. Similarly, the same road and the same route

was passed by the bus.
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After all the data was recorded, another bus of line 40 was taken from Harjapea to observe
the results. As the results of the experiment, the accuracy of the “blue dot” was just a bit less
than other experiments. As mentioned before, this was a result of that the bus is normally
faster than a moving pedestrian. Besides, the map and the location of the application was
huge when it is compared with the other experiments. These factors can cause the lack of

accuracy, however, in big maps such as this one which was prepared for big areas,
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Figure 19. Path records and test paths for outdoor application by vehicle
After all the data was recorded, another bus of line 40 was taken from Harjapea to observe
the results. As the results of the experiment, the accuracy of the “blue dot” was just a bit less
than other experiments. As mentioned before, this was a result of that the bus is normally
faster than a moving pedestrian. Besides, the map and the location of the application was
huge when it is compared with the other experiments. These factors can cause the lack of
accuracy, however, in big maps such as this one which was prepared for big areas, this accu-
racy error can be neglected. The Department of Defense of United States of America states
that the GPS technology provides 4 meters of accuracy with the new improvements [18].
Additionally, as IndootAtlas Inc. Company claims, IndoorAtlas offers 3 meters of accuracy

on indoor positioning systems [19]. As can be seen from the results of the experiment, the
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usage of the GPS-Independent Outdoor Positioning System provides an accuracy level
around 6-8 meters. Besides its potential as a developable application, GPS-Independent Out-

door Positioning System also offers a fair accuracy level.
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Figure 20. The results of the outdoor test in Harjapea - Viru Keskus Line
With this experiment, it was observed that IndoorAtlas is usable for GPS-Independent Out-
door Positioning System Project. The working principle IndoorAtlas has, can be benefited

from, to achieve GPS-Independent Outdoor Positioning System.

Further in the project, the outdoor applications were expanded with the map which was made
for Istanbul. Additionally, a unique mobile application for Android Platform that is based on

IndoorAtlas was developed.

Up to now, the main focus of the project, GPS-Independent Outdoor Positioning System was
examined and tried in different places with different methods. IndoorAtlas, the service (PaaS)
which has been developed for indoor positioning where GPS Systems are not available, was
first tried indoor, then its working principle was deeply examined and understood. After this
step, in accordance with the working principle, the system was adapted for outdoor and it

was tested in a different location in Tallinn, Estonia. The test in Tallinn was conducted for
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both pedestrians (on foot) and as a car GPS system. These tests were rather successful. In-
doorAtlas, which has been produced for basically indoor positioning and navigation,
achieved the GPS-Independent Outdoor System Project for both methods.

From this point on, there were two more necessary and critical tasks left to be completed.
First, GPS-Independent Outdoor Positioning System was going to be applied to Turkey, Is-
tanbul. Secondly, a mobile application which is based on IndoorAtlas for Android Platform
was going to be developed. The main focus of the mobile application was going to be
connected to the pre-generated GPS-Independent Outdoor Positioning maps and let the users

benefit from them in chosen cities and/or regions.
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5. Experiments with GPS-Independent Outdoor Positioning
System, Istanbul

5.1. Experiment with GPS-Independent Outdoor Positioning System,
Istanbul: On Foot

The last but not the least application of the project was going to be applied to Istanbul, Tur-
key. The first step of this application was preparing the system for pedestrians, and then a

map for vehicles was prepared, similar with Tallinn.

For the “on foot” part of the project, for better results, one of the busy and central locations
of the city was decided to be chosen. The pilot area for his experiment was Bostanci, Istanbul,
Turkey. The area is surrounded by high towers and huge trade centers. Besides, there is a
highway which crosses by the route of the map. Also, there is a big campus of a public hos-
pital and private university in the immediate vicinity. In the light of these factors, this can be
stated that this area is a busy and a frequently-used neighborhood and it was definitely suit-

able for this experiment.

The steps which were supposed to be taken were the same as the previous steps and experi-
ments of the project. Similarly, the whole road was needed to be crossed through and through,
with all important side streets. While walking down the road, the sidewalks should were used

since this map was going to be prepared for pedestrians.

Sidewalks on the both sides of the each part of the road were crossed. The test was started to
be performed from the broadside of the highway. Since one of the sides of the road which
passes by the highway has no sidewalk, due to the highway, only one side of the main road
was crossed through. There were the headquarters of some banks and big companies by these

side streets and the main road.
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Similarly, a screenshot of the region from the global map of IndoorAtlas, which is the object

of the test, was used as the floorplan of the test.

o
=

el

=
=
7;
(=)
%
, Ly
% 4Cp,
= 4
[

o

0223

&7
S
&
S

&
S
RS

Figure 21. Floor plan of outdoor test

Classically, with the respect to the working principle of IndoorAtlas, all the sidewalks in
route were crossed part by part with a constant speed and the route was magnetically fin-
gerprinted. After mapping phase is done, test paths were created to provide the system with
a better accuracy. To achieve adding test paths part, some random parts of the route were

crossed again.

After all these processes, the map which was prepared in Istanbul, Bostanci for pedestrians
was ready to be tested and used. The results of the experiment can be observed from the

figures below:

As can be seen from the figures and images above, the results and the accuracy of the system
was extremely successful. So far in the project, this was the experiment which was most
successful and accurate and works perfectly. The accuracy of the system was less than 1

meter.
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Figure 22. The results of outdoor positioning test in Bostanci
After the observation of the results, this can be stated that these good results and almost
perfect rate of accuracy are related to magnetic field distorting ability of the area which is the
object of the experiment. In this area, there are too many Wi-Fi and other signals besides the
magnetic field of Earth. Additionally, there are a remarkable amount of big buildings and
towers which have reinforced steel structure and different types of building materials. The
intensity of steel structures and building materials of the buildings causes more anomalies
and fluctuations of the ambient magnetic field. Thus, magnetically fingerprinting of the paths

could be performed better.

Surely, the experiences which were gained during the previous experiments also have a big
part in this success in the experiment. Even the methods which are used in the experiments
are mostly similar, with the experiences gained, mapping phase and recording of the anoma-

lies of the ambient magnetic field gets better and more accurate.

After this experiment and the success which can be observed from the accuracy rate of the
positioning, the next application of the GPS-Independent Outdoor Application was going to

be conducted.
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5.2.Experiment with GPS-Independent Outdoor Positioning System,
Istanbul: By Vehicle

Istanbul is the most crowded city of Turkey with more than 14 Million inhabitants and it is
one of the biggest metropolises of the world. Istanbul has many trade centers and a transfer
location between Europe and Asia.

This is a fact that the number of motor vehicles in Turkey is almost 19 Million [20] while the
total number of motor vehicles in Istanbul is almost 3.5 Million, [21] which is almost 20%

of the total number, by the year 2014.

These statistics and numbers are clear evidence of that inhabitant of Istanbul are commonly
use personal motor vehicles. Thus, this situation gives rise to the need for positioning sys-

tems.

From this point of view, it was necessary to develop and test the GPS-Independent Outdoor
Positioning System for Istanbul, as available for vehicles as well. As the previous tests, this
last test was also going to be conducted in a busy and central location of Istanbul. For this

purpose, one of the most centers of Istanbul, Levent District was chosen.

In this pilot area, there are two main highways which connect all parts of the city with each
other and linking roads for Istanbul Bosphorus Bridge, Anatolian Side of Istanbul and other

important districts of the city. It can be said that this area just like the heart of the city.

Experimenting the GPS-Independent Outdoor Positioning Systems for Vehicles in such cen-
tral district of such a big city was going to be a rather instructive and important. As stated
before, there are too many important roads and highways around this pilot area. This situation

makes the area rather ideal for this application.

The procedures which were supposed to be followed were same again. Similarly, a screen-

shot of the location from the global map of IndoorAtlas was taken and used as the floor plan.

The tests and recording of the anomalies of the ambient magnetic field were performed by
personal car. Almost all main roads and highways around the route were crossed thoroughly.
Especially, the roads which surround the huge and steel structured buildings were chosen to

be crossed and mapped. The magnetic characteristic of the pilot region was recorded and the
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area was magnetically fingerprinted. The test paths were also added to achieve better accu-

racy.

©@ 0 A&

Figure 23. Path records for outdoor application in Istanbul by vehicle

As experienced in previous experiments, the map was ready to be used and positioning pro-
cess after the recording of anomalies of the ambient magnetic field in the mapping phase.
With the help of steel structures of the buildings and building materials of the roads, intense
metal fluctuations of ambient magnetic field, good results were observed as can be seen from

the figures and images below:

These results show that IndoorAtlas is rather helpful and useful to develop GPS-Independent
Outdoor Positioning System. In all the experiments which were performed outdoor were suc-
cessful and accuracy of the system was a 1-2 meter and for the very big routes 3-4 meter
which are negligible values when it is considered that this system has a developable infra-

structure.
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Figure 24. The results of outdoor positioning test in Levent
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5.3. Experiment with GPS-Independent Outdoor Positioning System,
Istanbul: Combined

The last two experiments were conducted in a popular and a huge city. The pilot areas were
the trade centers of Istanbul. Thousands of people visit these areas to go to their offices, or

to the Anatolian or European side of the city.

Besides the trade centers and huge malls, Istanbul also has too many different historical and
touristic locations which are visited by many people every day. Many Turkish and foreign

tourists visit historical and natural places in Istanbul.

One of the most popular touristic destinations of Istanbul is Sultanahmet Square and its out-
skirt neighborhood. There are many historical buildings and monuments such as Cemberlitas
(Column of Constantine), Sultanahmet Mosque, Hagia Sophia Museum, Yerebatan Sarnici
(Basilica Cistern), Archeology Museum, Kapali Cars1 (Grand Bazaar) Giilhane Park and
Topkap1 Palace. There are many streets for pedestrians around these places, and the main

road for vehicles with a tram line which crosses this area.

As can be seen, it is an important and central location where GPS-Independent Outdoor Po-
sition System could be useful. So far, the system was tried for pedestrians and vehicles sep-
arately. In this region, the public transportation, tram line, could be used to test the system
by a vehicle and the streets around the area could be mapped by walk. Thus, both methods

were going to be combined in this experiment.

The figure below was used as the floor plan of this experiment. The mains road which is
shown with the red line is used by cars, and it is the route of the tram line. In the vehicle part
of the experiment, the public tram was used. This route is the most popular part of the tram

line among the tourists.

The side streets and sidewalks which are shown with blue lines are the popular routes of
tourists to visit all the important places around the neighborhood. In walking part of the ex-

periment, that route was used.
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Figure 25. The mapped routes on foot and by vehicle on the last application in Sultanahmet
As the previous experiments, the roads were crossed and magnetic distortions were recorded
in this experiment as well. Test paths were also added to this map too to achieve better accu-

racy levels.

Differently from the other experiments, the Flight Mode was activated during the experiment.
First, the Flight Mode was tried to be activated on mapping phase. Once the floor plan is
downloaded from the server, IndoorAtlas does not require to be connected neither to a Wi-
Fi hotspot nor mobile internet network for mapping phase. However, as observed in this
experiment, IndoorAtlas needs the Wi-Fi scanning feature to be activated to scan ambient
Wi-Fi signals and their anomalies to create a map with better accuracy. Thus, even flight
mode is activated and GSM network and mobile internet are deactivated, Wi-Fi scanning

mode must be enabled.

In positioning phase, Flight Mode was again tried to be activated. Once the paths which were
created for positioning were downloaded from servers, the Flight Mode was activated. The
positioning was successful since, as can be seen from the Developer Kit SDK Files which
IndoorAtlas releases, the calculations of the anomalies of the magnetic field are performed

locally on the mobile device, independent from internet connection and servers.
After mapping phase, the maps were ready to be used.

GPS-Independent Outdoor Positioning System is designed as useful in all circumstances, for

both pedestrians and vehicles. This situation gives rise to the necessity of that all maps must
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be created as available for both types of users. From this point of view, the last combined
experiment was rather important to conduct since it showed that it is possible to create maps
for both users at the same time, and, even in this case, the system works with the same accu-

racy level.
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Figure 26. The results of the combined outdoor positioning test in Sultanahmet
This last experiment was the last application of IndoorAtlas, and, the most important cases
were tested in all experiments conducted so far, to see how GPS-Independent Outdoor Posi-

tioning System works and if it is a valid solution to achieve the main target.

Since the maps were ready to be used, as the last experiment was performed finally, the last
part of the project could be conducted. As the last part, a mobile app for Android Platform
which contains the maps that were created for the project and the data that is gathered from

different sensors from the mobile device was developed.
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6. Conclusion of Experiments

After all the experiments were performed, it was rather easy to see and compare the results
of the accuracy levels of the tests. As can be seen from the results below, the error of accuracy
decreases when there are more steel-structured buildings since the ambient magnetic field is
distorted more and these locations have more intense magnetic characters. In the following

table, all maximum, minimum and average accuracy error rates are given in meters.

Maximum Minimum Average
Tallinn: On Foot 6 3 4.5
Tallinn: By Vehicle |8 6 7
Istanbul: On Foot 5 3 4
Istanbul: By Vehicle | 10 6 8
Istanbul: Combined | 7 5 6

Table 1. Error rates of accuracy
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7. Find Me | Tallinn — Istanbul: The Mobile App for Android

Platform

Once a map is created via IndoorAtlas, for any venue, the map is available to be used on
servers of IndoorAtlas. The users can see the maps via Web Ul of IndoorAtlas, and can use
the maps for positioning via the mobile app of IndoorAtlas. However, once a user logs into
the system of IndoorAtlas, all the maps which were created by all IndoorAtlas users are avail-
able to be used. All of the usable and properly created ones of these maps are indoor maps,
and, for the one who wants to use GPS-Independent Outdoor Positioning System, this situa-

tion would cause confusions.

Starting this point of view, there was a need to develop a mobile app to gather up all the maps
which were generated for GPS-Independent Outdoor Positioning System. This app was going

to be specialized for GPS-Independent Outdoor Positioning System.

The app was planned as to have two different choices for both cities since the experiments
were conducted in two different cities. Once the user chooses the city, the app asks for if s/he
is a pedestrian or going to use it for a vehicle. After this selection, the app asks for is the user
wants to see his/her location on Google Maps, or on the image of the floor plan. After this
last selection, the requested map is pulled from the servers of IndoorAtlas and presented to
the user. During these operations, there is no need to log into the system since the logging in

is only needed while creating maps. Users do not need to log into the system to use the maps.
The name of the application which was developed by the author is; “Find Me” [22].

Each map has its own IDs. There are 3 different IDs which are used to determine a map.
These IDs are; “FloorplanID”, “FloorID”, and “VenuelD .
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Figure 27. Find Me logo

t IndoorAtlas

Istanbul - Bostanci
1

Floorplanid
99fd7211-4bb0-44b1-9e67-f9fe87a41e20

Floorid
7a6063c4-1788-4495-8607-ba40139bbas0

Venueld
063fd0d0-7445-4d64-a29f-8d4077e31312

Map status
Latest map created at 2016-03-22 04:35:13

Geocoordinates
40.96410191M1044 29.0986204147339

40.9749409132407  291050362586975
40.9749409132407  29.0985989570618

Figure 28. FloorplanID, FloorID, and VenuelD of the map that was created for Istanbul, Bostanci
As the IndoorAtlas SDK provides, the maps which are desired to be used can be defined and
called from the server by their “FloorplanID”. The code part which calls the maps to Find

Me application can be seen in Appendix 1.

Once the map is called by its FloorplaniD, its floor plan and the recorded magnetic distortion
information which belongs to the called map are also gotten. Therefore, with this information

gathered, positioning could be possible.

IndoorAtlas SDK provides different types of layout for positioning screen. After the tests
conducted, two most useful layouts were chosen and applied into Find Me application. One
of these layouts is Google Maps layout. Per this layout, while positioning process, the posi-
tion of the user is shown on Google Maps. Once this layout is applied and chosen from the
menu, user sees the global map, then, it zooms to the region where the chosen map belongs

to. The “Blue Pin” of Google Maps shows the current location of the user.

The other type of layout is image layout. Basically, as similar with the IndoorAtlas applica-

tion itself, the system shows the current location of the user on the Floor Plan image. Since
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this layout is familiar from IndoorAtlas and it is the base of it, this layout is also applied into

Find Me as a second option. These layouts and choice buttons for these layouts on the menu

can be seen below.

- /Tallinn

(@) (b) ©

Figure 29. Layout selection and different layout screens of Find Me App
These layouts are connected to these menu buttons by the code part which is presented in

Appendix 2.

As the experiments conducted, different maps were created for both pedestrians and vehicles.
This was to see different results on different applications. Since there is such a distinction in
the maps and conducted experiments, there was a need to distinguish these two different
concepts in Find Me application as well. To achieve this, two more buttons were designed.
Once the user chooses if s/he is going to use the system as a pedestrian or by a vehicle, the
appropriate map is called with layout choice. For example, when someone is in Istanbul and
wants to use the system by a vehicle, s/he should choose Istanbul and vehicle choices. Since
the experiment which was conducted by a vehicle in Istanbul was in Levent district, the Find
Me app will serve the layout choices for Istanbul, Levent map. Or, if the user in Tallinn and

want to use the system as a pedestrian, s/he should choose Tallinn from the main menu, then
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the pedestrian choice from the next menu. On the 3" menu, the app will be serving the layout
choices for Tornimée, Révala Puiestee, Tallinn. Since there are 3 different concept choices
for Istanbul; by vehicle, pedestrian and mixed, 3 different buttons were designed.

The operation of calling the right map with clicking on a button was achieved with the fol-

lowing code part.

if (stCity == "TALLINN" && stStatus == "VEHICLE") ({
stCurrentMapId = stMapIdTallinnVehicle;
} else if (stCity == "TALLINN" && stStatus == "WALK") {

stCurrentMapId = stMapIdTallinnWalk;

}
else if (stCity == "ISTANBUL" && stStatus == "VEHICLE") {

stCurrentMaplId = stMapIdIstanbulVehicle;

Figure 30. Menu buttons and maps connection codes

@) (b)

Figure 31. Map selection screen to use the Find Me app on foot or by vehicle
As can be understood, on the main page of the application, there was a need to design buttons
to let the user choose the city where the system will be used. Since the system is available in
only two cities right now, two different buttons were designed for both Tallinn and Istanbul.
After the city is chosen, available concepts and layout for positioning would be available for
the user.
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With the functions and buttons mentioned above, Find Me application have the ability to
perform GPS-Independent Outdoor Positioning for the created maps. As will be mentioned
in further chapters, Find Me application is developable with new and wider maps. For now,
Find Me will be serving only the maps which were created within the project.

Besides its general structure and function, Find Me was designed to show the data which is
gathered from sensors. With the help of three different sensors of the device, different
information regarding the device’s position and movements can be gathered. As mentioned
before, three main sensors, accelerometer, gyroscope and compass in the device are used to
achieve positioning which based on the anomalies and distortions of the ambient magnetic
field.

Figure 32. City selection screen of Find Me App
Therefore, making the sensor data available for the user could be a good feature for the ap-

plication. The sensor data is collected by following code part.

@Override
public void onSensorChanged(SensorEvent event) {

if (event.sensor.getType() == Sensor.TYPE ACCELEROMETER) {
float x = event.values[0];

float y event.values[1];
float z = event.values[2];
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txtXValue.setText (String.valueOf (x));
txt¥Value.setText (String.valueOf(y));
txtZValue.setText (String.valueOf(z));

else if (event.sensor.getType() == Sensor.TYPE GYROSCOPE) {..}
else if (event.sensor.getType() == Sensor.TYPE ORIENTATION) {..}
else if (event.sensor.getType() == Sensor.TYPE MAGNETIC FIELD)

Figure 33. Sensor data code

After the data is collected from the sensors, these data were grouped and served under “Ad-

vanced” menu as can be seen from the figure below.

alll o6% [l 12:33

Figure 34. Sensor data screen of Find Me App
The first group of data shows the Accelerometer Data. X, Y, and Z are the axes and the
numbers across these axes are the acceleration values of the movement of the device on these

axes.
The second group basically show the information which is collected from the gyroscope.

The third group on the sensor data section shows the basic compass data. Azimuth is the
angular value on the “z” axis and this value basically shows the direction of the device. On
the direction of the North, the azimuth value is O while this value is 180 on the direction to

South and it changes between 0 and +360. The Pitch is the value of altitude angle of the
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device on “x” axis and it varies between -180 and +180. The Roll is the value of the tilt of

the device on the “y” axis and it changes between -90 and +90.

The fourth and the last group of sensor data is the 3-Dimensional ambient magnetic field and
all the values in uT. This data is gathered from the magnetometer which the device has, and

it is the raw data of the compass data above.

The functional features of Find Me app designed as mentioned above. Besides these func-
tions, a page named as Credits was implemented into the app. In this page, the aim and the
developer of the app were told. Additionally, the splash screen of the can be seen below.

@ ol 6% & 23:24 ‘0, % il 31% | 23:04

This application is based on IndoorAtlas, and it was
developed to achieve GPS-Independent Outdoor
Paositioning.

The maps that the application contains were
created as the part of the Master Thesis Project.
The Master Thesis and and The Project was
performed by Levent Selguk in Tallinn University of
Technology, Communicative Electronics MSc
Programme with the supervision of Mr. Alar Kuusik.

June 2016, Tallinn

|||I||| FIND ME

@ (b)

Figure 35. Credits and splash screens of Find Me App
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8. Further Improvements on the GPS-Independent Outdoor

Positioning System and Find Me App

GPS-Independent Outdoor Positioning System is based on IndoorAtlas since IndoorAtlas is
free to use and user-friendly. Besides, even IndoorAtlas is usable for outdoor and suitable for
GPS-Independent Outdoor Positioning System, as proved by the conducted test, there is al-
most no outdoor application which was developed with it. This situation also makes In-

doorAtlas preferable.

There are some methods to follow during mapping phase to improve accuracy. For example,
walking on the routes which are most preferred by pedestrians, or, walking on parallel lines
on wide corridors and covering wide halls with paths and record the ambient magnetic field
anomalies for as many points as possible to walk on for better accuracy. While performing
the experiments, the routes which are most preferred by pedestrians and/or vehicles were
preferred, however, since there was limited time to prepare the project, there was a lack of
creating paths in wide areas. This situation did not affect the accuracy of the system deeply,
however, for precise positioning, the systems, and the maps can be improved with increasing

the number of paths. This is the main improvement regarding the system.

One of the initial objectives of the project was to implement the system to the main buildings
and surrounding main roads and streets of Tallinn University of Technology, Tallinn, Esto-
nia. However, due to the deadline of the project, that goal was not possible to be achieved
and it was canceled. The possibility to conduct this experiment and implement the GPS-
Independent Outdoor Positioning System to the TUT is still available, however, the results
and outputs of this application will not be able to take a place in this thesis. This improvement

will be also be performed.

Naturally, the experiments within the project were conducted in a limited number of cities

and venues. Currently, the system is available in two different cities and 5 different locations.
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One of the further aims regarding GPS-Independent Outdoor Positioning System is making
the system a commercial product. To achieve this goal, the system must be expanded to dif-
ferent countries, cities and locations. Besides, as the initial step, the system must cover the
whole city, as least the most critical locations of cities. This improvement is one of the crucial

improvements and it was planned as long-term.

GPS-Independent Outdoor Positioning System was tried in central locations of the cities.
Especially, a significant part of the route of the last experiment was in a park, in Istanbul,
Sultanahmet. However, the system has never been tried in a rural region and/or country side.
It can be estimated that the accuracy level of the system would be lower in rural areas when
it is compared with city centers, since there are less buildings, steel structures and road with
pipelines and cables under them. From this point of view, experimenting the system in a rural
area, observing the results and improving a new mapping method for better accuracy in these

regions can be planned as an important further development.

After the maps are developed and strengthen with better accuracy and the maps and applica-
tion location are expanded and spread different locations, the Find Me app must be enhanced
accordingly. Find Me app should be improved as containing new maps, locations and cities
as well. Besides, the app must become more user-friendly and have a better design. Find Me
should also be available on Google Play Store for all Android OS users. Additionally, the
app must be developed for iOS as well. These improvements are regarding the Find Me app
which was developed during the project and was planned as short/medium-term improve-

ments.
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9. Summary

GPS System is the most popular technology in the world when it comes to navigation and
positioning. Besides its popularity, it has many drawbacks in practice. There are 28 opera-
tional satellites which were dedicated to GPS Positioning and for precise positioning, the

GPS Device must get signals from at least four of these satellites.

Since GPS Positioning system strictly depends on the GPS Satellites, positioning perfor-
mance noticeably decreases when signal quality is not good enough. The device must see
the satellites directly in a clear sky, to reach the best signal level. Ensuring the best position
for GPS Antennas of fixed objects might be easier, however, GPS Positioning is widely
used by the mobile user, pedestrians or vehicles. In these circumstances, when the user gets
into or under an obstacle that can intercept the GPS Signal and reduce the signal quality,
like bridges, tunnels, narrow streets etc., the accuracy of GPS Positioning System would
not be enough for precise positioning. To achieve this problem, one of the solutions is tak-
ing the dependency to GPS System away. An alternative technology would be used for po-

sitioning instead of technology.

In this project, the anomalies and distortions of the ambient magnetic field which is caused
by the metal structures and building materials of surrounding buildings were used. This
method, benefiting from the magnetic anomalies to find the way, is generally used by many
of the animals in nature since they have extremely enhanced senses. With modern technol-
ogy, everyday mobile devices also have this ability. With the internal sensor they have, like
gyroscope, compass, magnetometer, accelerometer; the new generation mobile devices have
the ability to sense and calculate the movements, angular changes, and magnetic field anom-

alies.
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A mobile application which benefits from these features of mobile devices, IndoorAtlas was
used during the project. IndoorAtlas is an application which was developed for indoor posi-
tioning where GPS is unavailable to be used. It is free to use and there are no usage limitations
unless the user volume is over 200. Its working principle, as was examined and understood
in the very first experiment, is based on sensing the magnetic fluctuations of metal structures.
The idea was applying this working principle on outdoor, and for this purpose, different ex-
periments were conducted in two different cities and five different locations for both pedes-

trians and vehicles since the system was planned to be available for both type of users.

After all experiments, the results were observed and the “Research Questions” which were
asked on previous chapters were answered in the light of these results. As per the results, this
can be stated that IndoorAtlas can be applied outdoor and it is suitable to be the basis of GPS-
Independent Outdoor Positioning System.

After all the experiments were conducted, a mobile application which contains the maps that
were prepared during the project was developed. It was named as Find Me. With Find Me, a
user could use GPS-Independent Outdoor Positioning System on available cities and loca-
tions without using IndoorAtlas. Besides this feature, the app also has the ability to serve

sensor data which are gathered from gyroscope, accelerometer, compass and magnetometer.

With this app, the project was concluded. However, as mentioned in the previous chapter,

there are some improvements planned for both the system and Find Me application.

Consequently, it can be stated that magnetic fluctuations and their detection are good alter-
natives to GNSS Systems for positioning, in terms of accuracy since GPS-Independent Out-
door Positioning System provides accuracy values which are 4-4.5 meters on foot and 7-7.5
meters by vehicle and very good when it is considered that it is independent from GNSS

Systems.
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Appendix 1

private int iStep = 1;

private String
private String
9f27e3821452";
private String
58ae6bb98776a";
private String
f9fe87a41e20";
private String
810566c0550£f";
private String

stCurrentMapId = "";
stMapIdTallinnWalk = "dd3£f447b-d3c5-4010-991f-

stMapIdTallinnVehicle = "2627f44b-£713-4925-a9cl-
stMapIdIstanbulWalk = "99fd7211-4bb0-44bl1-9%e67-
stMapIdIstanbulVehicle = "bf26310d-2df7-4122-b2e6-

stMapIdIstanbulVehicleWalk = "c37fc30f-4348-4190-

b8e7-750c3b8eab2d";

private IALocationManager mIALocationManager;
private IAResourceManager mFloorPlanManager;
private IATask<IAFloorPlan> mPendingAsyncResult;
private IAFloorPlan mFloorPlan;

private BlueDotView mImageView;

private long mDownloadId;

private DownloadManager mDownloadManager;

mDownloadManager = (DownloadManager) getSystemService (Con-
text.DOWNLOAD SERVICE) ;

mIALocationManager = IALocationManager.create(this);
mFloorPlanManager = IAResourceManager.create(this);

final TIALocation location = IALocation. from(IARegion.floor-

Plan(floorPlanId));
mIALocationManager.setLocation (location);

private IALocationListener mlLocationlListener = new IALocation-
ListenerSupport () {

@Override
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public void onLocationChanged (IALocation location) {
Log.d(TAG, "location is: " + location.getLatitude ()

+ location.getLongitude()) ;

_I_ ", "

= TIARegion. floorPlan(stMaplID) ;

final IARegion region
mIALocationManager.setLocation (IALocation. from(region)) ;

'= null && mImageView.isReady()) {

if (mImageView
= new IALatLng(location.getLatitude(),

IALatLng latlLng =
location.getLongitude());
mFloorPlan.coordinateToPoint (latlng) ;

PointF point =
mImageView.setDotCenter (point) ;

mImageView.postInvalidate() ;
}s

private IARegion.Listener mRegionListener = new IARegion.Lis-

tener () {

@Override
public void onEnterRegion (IARegion region) {
if (region.getType () == IARegion.TYPE FLOOR PLAN) {

String id = region.getId();
Log.d(TAG, "floorPlan changed to " + id);
Toast.makeText (ImageViewActivity.this, id,

Toast.LENGTH_SHORT).show();
fetchFloorPlan (id) ;

}

@Override
public void onExitRegion (IARegion region) {

// leaving a previously entered region

}

}s

private IALocationManager mIALocationManager;

= IALocationManager.create(this);

mIALocationManager
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final IALocation FLOOR PLAN ID = IALocation.from(IARegion.floor-
Plan(floorPlanId));
mIALocationManager.setLocation (FLOOR PLAN 1ID);

public void onLocationChanged (IALocation location) {
Latlng latlng = new LatLng(location.getLatitude(), loca-
tion.getLongitude());
if (mMarker == null) {
if (mMap !'= null) {
mMarker = mMap.addMarker (new MarkerOptions () .posi-
tion (latLng)
.icon (BitmapDescriptorFactory.default-
Marker (HUE IABLUE))) ;
mMap .animateCamera (CameraUpdateFactory. new-
LatLngZoom(latLng, 17.0f));
}
} else {
mMarker.setPosition (latLng) ;

}
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Appendix 2

imbMap.setOnClickListener (new View.OnClickListener () {

@Override
public void onClick(View v) {

stType = "MAP";

if (stCity == "TALLINN" && stStatus == "VEHICLE") {
stCurrentMapId = stMapIdTallinnVehicle;

} else if (stCity == "TALLINN" && stStatus == "WALK")
stCurrentMapId = stMapIdTallinnWalk;

}

else if (stCity ==
stCurrentMapId

}

else if (stCity ==
stCurrentMapId

}

else if (stCity ==

"VEHICLEWALK") {

P

stCurrentMapId
}

{

"ISTANBUL" && stStatus == "VEHICLE")

= stMapIdIstanbulVehicle;

"ISTANBUL" && stStatus == "WALK")
= stMapIdIstanbulWalk;

"ISTANBUL" && stStatus ==

= stMapIdIstanbulVehicleWalk;

Bundle extras = new Bundle ()
extras.putString ("MapID", stCurrentMapId);

Intent intent = new Intent () ;
intent.putExtras (extras);

intent.setClass (getApplicationContext (), MapsActiv-
ity.class) ;
startActivity(intent);

imbImage.setOnClickListener (new View.OnClickListener () {
@Override
public void onClick (View v) {
stType = "IMAGE";
if (stCity == "TALLINN" && stStatus == "VEHICLE") ({

73

{

{



stCurrentMapId = stMapIdTallinnVehicle;

} else if (stCity == "TALLINN" && stStatus == "WALK") {
stCurrentMapId = stMapIdTallinnWalk;

}

else if (stCity == "ISTANBUL" && stStatus == "VEHICLE")

stCurrentMapId

}
else if (stCity ==
stCurrentMapId

}
else if (stCity ==

"VEHICLEWALK") ({

stCurrentMapId
}

= stMapIdIstanbulVehicle;

"ISTANBUL" && stStatus == "WALK") ({
= stMapIdIstanbulWalk;

"ISTANBUL" && stStatus ==

= stMapIdIstanbulVehicleWalk;

Bundle extras = new Bundle ()
extras.putString ("MapID", stCurrentMapId);

Intent intent = new Intent () ;
intent.putExtras (extras);

intent.setClass (getApplicationContext (),

ity.class);
startActivity(intent);

1)

}
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