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Abstract (EN)

Goal of this worksto researchavailable options ofocalizatiorand tracking opersons inside

of buildings, and othe basis of that themesign and develop aaudiovisual navigatiogystem.

This systemshouldbe capable of guiding usersto any available destination in the given building
while being as passive and least intrusigethe useras possible.
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1 INTRODUCTION

Global positioning systesandtheirwidespread availability in our smartphones revolutionized
ways how we navigate aumd. Anytime we need to find a way to a place we haven't been to
before, we just pull out a phone of our pocket, type in the desired destination and we
immediately know which wato go.There is a problem witthese systemthough-theyd2 y Q i
work insideof buildings. Yet there are mabwyildings big and complex enouglike hospitals,
schools, or offices, which are hard to navigate in for newcomers, and lot of times these are the
buildings which most of the \it®rs visit only occasionally.

Aim of thiswork is to research options available for indoor positioning and navigation, and
develop a navigational system which could be deployed in buildings with complex corridor
network, helping visitorsfind their destinations easily. Thisavigationsystem shallbe
audiovisual, physically present and integrated into the corridors themsealodhe users would

be able to use it without the need of using their phones during the navigation.

1.1 MOTIVATION

As statedglobal positioning systenfgve a major drawback, wich is that it does not work well

in enclosed spaces. One of the reasons for that is dampening of the signal caused by the wallls.
The other is, that the GPS uses for calculation of location time of flight principle, and being
enclosed by wall creates mulitgreflections, which causes multipath propagation of the signal,
because of which problems with correctly determining the time or direction of arrival of signals
arise(Pourhomayoun, Jin, & Fowler, 2012)

Because of that, umerous other approaches were tried and tested to provide indoor
positioning, using varying physical and fundamental principles, but none has panned out yetto
be the ultimate one way to go. Though in isolated cases intiaiizationand navigation
systems were already deployed, most public buildings are still relying on printed signs and maps
to show people the way around. While they are in most cases able to lead visitors to their
destination, it usually takes themuch longer on thifirst visitthanwhen they already know
where are they going. That is the point where smart navigation systems could help, as they
might lower the time people need to find their location to almost the same as if wayd
already knev the way.



1.2 STRUCTURE OF THIS WOR
This work will be structured in the following way:

1

In the introductory part goals of this work will be defined, current state of the art in this
field will be discussed, and finally a comparison with my bachelor thesis will be made

In the second part techgues and technologies for indoor positioning and navigation will
be researched and solution will be proposed for the given implementation problem

In the third part realization of the navigation system will be described, all used technologies
will be overvewed and problems which were dealt with will be discussed

In the fourth part the developed system will be evaluated, and testing of its functionality
discussed

In the last concluding part, the resulifthis work will be described, and further works and
future possibilities discussed

In the appendicest the very end of this documentill be locatedschemas, manualknks

to source codes and other related materials

1.3 GOALS OF THIS WORK
First goal offhis work is to analyze and research technologies which are currently being used

for indoor positioning and nagation purposes and select from theme which would be the
bestfit forfurther proposed navigation system.

The other goal is to implement thegposed navigational system. Frahe project assignment
and consultations witlthe thesis supervisor a following set of functional and ffanctional
requirementsfor this systenwasdefined:

1.3.1 Functional Requirements
Create a navigation system which wdtisfy following functional criteria:

u  System will guide users along the shortest path to their destination
i Systemwill guide users using visual cues presentin the physical world
u  System will enable users to choose any destination available

i System will beapable of using audio output to provide navigational cues and entertain
users

i Systemwill be able to guide users back to their correct route should they take a wrong
turn

1.3.2 Non-functional requirements
Additional nonfunctional requirements were set:

1 Systenwill be capable of guiding multiple users at the same time
System will be remotely configurable

System will be horizontally scalable

System will be extensible

System have to be capable of continuous operation

= =4 =4 -4 -2

Deployed hardware will use wirelessmmunication



1.4 STATE OF THEART

While several systems of global positioning systems were already deployed and are active,
which enables precision tracking of persons, vehicles or goods anywhé&sielearound the

world, they have problems working indooHavingaccess t@utdoor positioning systems helps
individuals navigate around the city, or reach their destinations when travelling by cars, but
today most of the time people spend indooiBhe rewest global positioning syste@alileo is
actually capablefoproviding indoor localizatiofEuropean Global Navigation Satellite Systems
Agency, 2017)but in most cases the precision is still in ordemaignitude otens ofmeters

Partially because of the localized nature tbe indoor positioningproblem, and multiple
technologies available to solve it, there are nsgweracompeting approaches, none of which

is currently being a clear leadevlost solutions use technologies which are not locating the
actual user, but the phone his carrying, as are predominantly WiFi and Blueto@&th of

these technologies are being used in a client based or server based settings, when the phone
acts as a receiver or transmitter, respectivihfsoft GmbH, 2016)

Technologiesfimage based recognition could be udedtracking the actual user himsghiut

are harder to use than when tracking the phone. User has to be identified first as the object
being tracked, and this identification has to hold as he leavdsarers field of view of different
cameras.

Interesting is the possibility of using ambient magnetic fields for the task of positioning as well
(HanSol Kim, 2017)even though the solution proposed needs an encoder to keagktiof
current velocity.

Most of market available solutiorsre implemented asa smartphone magpp,thoughagain
notyetany one solution has prevailed against the othard got widespread adoptioifhough
now thereare GooglelndoorMaps', which are geting integrated into the regular Google Maps
This might be thelosestwe getto a widespread generic solutipnnfortunately they are not
yet available to use or testin Czech Republic,

Nice example ofarge scal@eployment can be seen at Swissélways Zurich station, where
more than a thousand Bluetooth beacons were deplofiatsoft GmbH, n.d,)and provides a
complete navigation solutionwer all of the station premises. This solution uses a native
smartphone app, with has to be installed for the user to be able to use this syétem

1 https://www.google.com/maps/about/partners/indoormaps/
2 hitps ://www.google.com/maps/
3 hitps://play.google.com/store/apps/details ?id=ch.sbb.oevnavi&hl=en
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1.5 BACHELORIHESIS

This work is a loose continuationmofy bachelor thesi§ WS Rt A 6WhileZitle ofthet thésis

g1 & AAYLI & W[ A Iwoik wesklreAdy aintea §f (sM@ LIED Sripdiak Sart of an
audiovisual navigation system. In that work hardware navigation units based on Arduino
platform were created, which could activate each other when a presence of huwisitor was
detected using alR sensoi-Howeverthese units were meantto be placed only along a single
path - from entrance of the Faculty of Electrical Engineering to the Institute of Intermedia, so
that system provided way only to a single destination. There was no backend seatger
centralized catrol which could affect which units should light up and when, and there was no
other mechanism of user detection than the PIR sensor, so individual user tracking was not
possible and the navigation was not personal.

While this work will be buildingponthe same general idea, noode or hardware from the

bachelor thesis will be reused, only the idea of audiovisual navigation and usage of digital LED
strips.ltis because this time the goal is much broadepersonal navigation to any destination

the user picks. That leads to a need of developing and deploying a far more complex system.

The user has to be tracked, so the system can decide at each intersection where to lead him
next- that tracking informationhaso 6 S 20Ul A Y SR &2 Y S KRegsreddzia S ND &
somewhere, and all of that acted upon in order to light up the right units navigating towards the

right destination. Where in my bachelor thesis it was sufficient to develop the navigation units

alone, this time they will beonly a single part ahe whole system architecture.

LJk



2 ANALYSIS ANDESIGN

In the second chaptewill be analyzed and researchedrious techniques and technologies
related tothe indoorpositioning anchavigation problemNexta solution for the problem of
navigation systenmplementation will be researched and proposed

2.1 INFRASTRUCTURE CONFURATIONS

There are several technologies available for positioning, where the oneswhich are being majorly
used are wireless. In any kind of data transfer there are two participantsabttmmunication

¢ a transmitter and a receiver. Similarliggtre are two complementing configurations used for
infrastructure ofpositioningtechnologies server or client based positioning.

2.1.1 Serverbased positioning

In server based positioning, thuse@device acts as a beacon and transmits identifiable signal.
This broadcast ithencaptured bythe receiving infrastructureyhich has to be installed in the
observed spacend position othatdevice is then calculated from the signal strength captured
by individual receivers and known fixed positafrthose receivers

2.1.2 Clientbased positioning

In client based positioning, the roles are reverselde installednfrastructure is broadcasting
and usef) device captureroadcastedsignals Thenli K S didvise\adhiercalculates its
position onits own, if the tracking application contains positions of the transmitters, or sends
the captured signal strengths back to the tracking system for processing

2.2 POSITIONINGTECHNIQUES

2.2.1 Trilateration

Trilateration is a process of finding the position by measuring the distances of points using
geometry of circles or spheres. With wireless technologies, a signal strength is being used for
calculation of the needed distancdgeasomwhy we can use signsirength for trilateration, is

based on the facthat radio waves propagate according to the invesgpiare law, so the
travelled distance can be approximated from the relation betweram$mitted and received
power.

There is a problem withlong rang@é#teration inside of builsthgs becausén such environment

the signals ar@ot propagating in a free space. Because of th&it of random reflections or

absorptions from wallsccurs, whiclean alter the signal strength in unpredictable wz§kort

range signal sources can be ugedemedy thisp dziiT G KS&@ QR KI @S (2 06S LX) |
arrays which could make deployment of the positioning system prohibitively expensive.
Because of that the signal strength readings are usually being filtered uesilogis statistical

procedures such as Kalman filter@hui & Chen, 2009)

2.2.2 Triangulation

Triangulation is a process of finding the position by forming triangles to the position from known
points.In positioning technologies, the triangulation is used when we are able to calculate the
Angle of Arrival of the signal. Angle of Arrival cardbeermined by using an array of multiple
sensors. These can be highly directiorsal at a given angle onlyspecific sensor from the array

5



would receive the signal. With this approach to get a high precision a very large amount of
sensors would have to be used. Other possibility is measuring the time difference of arrival. In
that setting all sensors of the agraeceive the signal, but beingin a slightly different location,
the same signal will be reach the individual sensors in a different moment.

Triangulation is limited to be used in a server based positioning, as there is no smartphone
equipped with such aensor array to be able to resolve from which direction the signal was
received.

2.2.3 Fingerprinting

Fingerprinting technique is an empirical method, when all of the locations which the system
should be able to distinguish are catalogued, and each of themrsgaith a unique identifier

¢ afingerprint.

The msition is then calculated from a fingerprintari unknowrlocation using algorithrmsuch

as knearest neighbofAltman, 1992)which will determinavhichis the most similafingerprint
from the original set to the one presented more advances approach is to use machine leaming
classifiers such as Naive Bay@ssh, 2001) which would be first trained using several
fingerprints for each of théocations. Thatmakes the classification of the unknown sample more
robust.ltis especially effective farse withwireless technologies, as the gathered fingerprints
tend to contain a lot of noise.

2.3 POSITIONING TECHNOLOIES
Today there are several techroglies used for indoor positioning and tracking, each of which
has advantageB some areas and lacks in others. Theotmost often used are WiFi and

Bluetooth, complemented by others like visible light communication (\dL@)agnetic field
based positionig.

2.3.1 WiFi based positioning
WiFi based positioningr WiFi positioning system (WRShased othe receivedsignal strength
indication(RSS)which can be processed in two fundamentally different ways.

One approach is to chethe RSSI levels fMAC addesssfrom which the signaloriginated,
and ifthere arelevels ofAPsof which the physical location is knowagcation can be calculated
usingtrilaterationprinciple.

The other approach is to use the fingerprinting technique, where the captured®®sland

MAC addresses of the transmitters are used as a fingerprint, which can then be used to identify
that particular location.

2.3.1.1 Properties

Benefits of WiFi based positioning lays mainly inits long range, therefore expandargéire

whichtrackingcan be doneAnother benefitis that in theclient based positioninthereis a

possibility of utilizing infrastructure that is already in pldoe other purposes. In developed
NEaAaARSYUGALrt INBlFazx AGQa KI NR G2 nFDowrRidelof LX I OS &
utilizing existing independent networks is in the lack of control. At any time in the future the

infrastructure of APs can chang@éis can be partially solved by using RSSI only from trustworthy

APs which are unlikely to change much, Bkeniversity WiFi networks.

The positioning itself is less accurate compared to other methods. There are multiple factors
present that have impact on accuracy. Firstly, the quantity of avaikatdess pointand their

6



strength. Another aspect is the matal structure of the location, reflections of signal and
shielding through wallsvhich can all negatively affect accuracy, especially when using
trilateration technique.

2.3.1.2 Clientbased

For a client based WiFi positioning it is required to have anigtplled on the device, which
will take care of scanning for nearby APs and location calculatisanding of the fingerprints

to the tracking serviceWhat sets this case apart from all the others, is that the location can be
acquired by scanning alrdg existing access points in tHatation. That meanthat in a client
based scenario, there is not no need for installing additional infrastruthe&VPS.

2.3.1.3 Serverbased

For server based WiFipositioning however, app might not be used at all. All \Abfee devices

FNBE 20SNJGKS GAYS ONRIFROFadAYy3d WLINRO6S LI O1S0G3
Exploiting these, we can in server based scenario passively position and track all WiFi devicesin

the observed area. This way of tracking is leeer not precisegas the probe requests are being

sent outirregularly, and also itis inherently anonymous, unliésgould beknown to which

devices doethe observed MAC addresses belong.

2.3.2 Bluetooth based positioning
Generally, all of the principles aagproaches of WiFi positioning are valid for use with
Bluetooth technology, as it provides RSSI and MAC information as well.

2.3.2.1 Properties

Bluetooththough sufferdrom a shorter range than WiFi. On the other hand, because the
deployed infrastructure has todbdenser due to the limited range, the positioning has a higher
precision than a usually more sparsely deployed WiBad¥antagevhencompared to WiFi

client based positioning, that the existing infrastructure cannot be usesimply because
GKSNB dzadzr ft & AayQid lyeo

2.3.2.2 Clientbased

In this settingoeacon transmitterhiave to be distributed across the monitored space and a
dza SN & LKteag & redeike® Yhemnsmitters can be more complex devices having
Bluetooth capalities- such as Ragyerry Pi, which can beonfigured to publish iBeacon or
Eddystone packets. rOit could be specializedluetooth beacons, which are basically
microcontrollers specifically set dpr the single purpose diroadcasting obeacon packets

2.3.2.3 Serverbased

Ly GKAa OFasS GKS dza S NI #e daiiePeh®npackets, @2aypdasod dzNB R
keychain could bgiven to theuser. Across the monitored spaBéuetoothreceivershas to be

placed whichwouldmonitorthe beacon devices to be pdioned

2.3.3 Visible lightpositioning

Visible light positionings a client based positioning, whiatilizes LED sourcebat are set to
intentionally flicker in a unique pattern which can be used as theifhese light sources are

then installed instea@f regular lighting in the locations which should be distinguishable. The
system is then able to resolve the position by decoding the ID of LED source which is illuminating
0KS aYINILK2ySQa OF YSNI @



2.3.4 Magnetic positioning

Magnetic positionings another client based positioning technique, whstlpposediwutilizes

compass chigvith which most d smartphones are equipped witb gather sensor datavhich

then can be used for positioninghere is only one commercial closed source solution uligg

approach IndoorAtlas, and the only paper where using ambient magnetic field for absolute
positioninghas been described wagitten by the founder of IndoorAtlast is questionable of

how this localization techniqustaysstable ina longtermasi KS 9 NI KQ&a YI Iy SGAO
gradually changindt is also questionable how abrupt changes in the ambient magnetic fields

are being handledfor examplevhenmetal objectdike liftsmove aroungdwhich furthermore

also utilize electromotors and magnetieepening the problem

2.4 POSITIONINGMODELS

Apart from the technology used for obtaining data there are several fundamentally different
approaches how to modeind represent user's location.

Two approaches that are used the most are tliscrete locatiorpositioning and continuous
spatial positioning, accompanied with a somewhat hybrid appregdu system.

2.4.1 Location based model
Thelocation basednodel is an empirical methodising a fingerprinting technique, wheve
populatethe system with a given set of discrete locations and their fingerprints.

Unless there is absolutely no match between the given sample fingerprint and those from the
original dataset, this system will always return the closest match.

This systemisuseful,fS I NB y 20 | Oldzrtfte& AYyuGSNBaldSR Ay dza$S
closest place from the given set. Problem of this technique is, that the fingerprint data, which

the user could potentially provide from a physical location in between the ones iddtaset,

might be a linear mixture of the closest two physical locations. There is a possibility that the

nearest known neighboring fingerprint might be actually from a completely different, much
fartherlocation.

These false positives might be preventadproviding a location graph to the system, which
with information abouthef | 8 0 OSNISE 6KSNB dzaSNDa f20FGA2y 41
the subsequentlocations to the adjacent vertiadshethat lastknown vertex.

C2NJ KA & & &mafted Whetheill theRIgtsSatiginatéd from short rang®urce like
Bluetoothor long range WiFsignalsor whether they got reflected atlgy the way as long as
there isenoughof unique data for each of the indexed locations.

2.4.2 Continuous positioning model
Cantinuous positioningnodelis quite the opposite of the location based appat In the
existing solutiongtisusuallNBE F SNNBE R @8 Q ¥ | IA Bd fli deB yRD

Instead ofusingasetof RA A ONB (S f 20 GA2yas 6S I NBmdNEAY3I ({2
dimensional plane, or even in athrakmensional space and track his movement continually.

4 http://www.indooratlas.com/



For this we usually rely on a long range sensor data, and either their signal strength or time of
arrival fora trilateration calculationor their angle of aival for triangulation.

2.4.2.1 Dead reckoning

Dead reckoning is a methocelping to provie the continuous positioninggeven when only
discrete location data are availableis a process of calculating the estimated current position
from a previously known on@ddingto it the estimated bearing, speed, and time passed. Itis
then when providing continual trackingedto interpolate the currenposition, until the next
actual position gets determined.

2.4.3 Grid based model

Grid basednodelis a sort of a hybrid between the previous two. Same as with the continuous
positioningthe goal is to find @osition in a multidimensional space, butin this case the space
is divided into an indexed gridnd based on the available data the positionsygtem is trying

to determine which cell is the current positigWutjanun Muttitanon, 2007)

For thismodelit might be possible to use both fingerprintingtdgonometrybasedoositioning

techniques, but for high resolutio it would beespecially helpful in this case, if the datare

provided from a dense network of short range signal sources. Because signal strengths can be
highly erratic indoors, the short signal rangeuldS y 8 dzNB G KF G aAx 3yl ta Ol y
distant cells, and at the same time strong signal readings will be obtainable only in directly
adjacentcells.



2.5 SOLUTIONRESEARCH

To select the most viable technology we have to take into account different factors as are
characteristics of the space we wantmavigate through, specifics of the users, ourtase

and last but not least cost of the hardware, and amount of work needed to develop and set up
the whole system.

Hand in hand with selection of technology goes the selection of the hardware. Not oalysbec
of the cost, but also because of different capabilities and limitations of different platforms.

Our usecase is navigation of visitors through corridors of Faculty of Electrical Engineering, to
get them to their desired destination. We want to achiethés using system of physical
navigational units, which willlead user to the next checkpoint using audiovisual cues. System of
corridors in this building is not dense, but corridors tend to be quite long and there are multiple
doors which the visitor migt have to go through, not always looking inviting. Most of these
doors tend to lead into specialized departments, and it is not quite obvious there could be
classrooms inside.

In these corridors we want to place navigational units at the wall corners at intersections, to
signalize to the usarsing LED based signs mimicking in their shape the intersections they are
being placed atwhich way he should continue.

While shapesof these units in X or T junctions seems obvious, aside from corridors there are

also several lobbiepen spaces, through whichthe user has to find his way as well. Placement
of the units in these situations might prove tricky.

What we need to detect is, men the user gets close to one of these checkpoirtallway
junction of some kind.

For this usecase it seems unnecessary to perform continuous spatial localization, as we are not

interested much in where exactly user actuallyis. As he is not navggatopen space, it should
be enough if his location can berified at each intersection.

2.5.1 Passive Tracking

First idea was to design a solution which would track user passively without the need of
installation of any client application on his mobile handset. User would walk through the
entrance and get a notification of a physical web node containing/fRf an onboardingveb

app. In this Web app he would just choose a desired destination, and that would be it. System
would then passively track location of his phone, and accordingly navigate user with the use of
navigator units.

Howeverthis idea, while techically possible fell short because of smartphone OS restrictions,
as it does aim at what should not be possibpessively track the device, without any obvious
dza SNDa O2yasSydo

To limit possibilities of passive tracking, smartphone operating systbath iOS and Android
started to impose several different restrictions.

2.5.2 WiFi Active Service Discovery

This passive tracking was generally possible because the smartphone from time to time

refreshes state of available networks. While he could listenforbgaco RGS NI A AaSYSyida 27F
in range, it would take a while before he would collect all of themasting battery life in the

process. So to accelerate the Wstate readout the phone does so calladtive discovery
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lookup- the phone advertisesitselfaszo] A y3 F2NJ ySGg2Nyasz yR |ff
with their beacon advertisementsnmediately.

CKA&E | OGADS RAAO2OSNE f 221 dzZJ A ActiieWiEldadidsih O 6 N2 |
range. Interesting fador the tracking cases, that the packet also includes a MAC address of

the broadcasting device. MAC address as a unique identifier can be used to link separate lookups
to a single device and in such a way tracking of that device can be achieved.

2.5.3 MAC randomization

To circumvent ths, garting from Android version 6 Marshmalloand iOS version @lathieu

Cunchefj K2 dzf RQ@S & il NI SR iisendidgda differént fake MAR &dilfgsd || G A 2
with each discovery lookup request. This measure alB2 Say Qi O2YLJX SG St e |
tracking to happen though, as for example the device usually broadcasts several of these
requests in succession, so a timing attack can be used, to identify the device even though the

MAC address cannot be used anymore.

Successful test has been madesing ESP8266 set into promiscuous mode intetingphese

discovery requests. Tests were done usiegicesrunning Android 6, and another running iOS

10, and in both caseéshas beenfoundo® G KIF G GKS a! / [IMitudliRleidor T | G A 2
employed. But anyway since both systems should be using this technique by their
documentation, itis not viable to count with using this method in the futémeother problem

of this approach is, that the device usually does this lookup ontg ina while and if this
YIEG@AIIGA2Y d8a0GSY akKz2dzZz R 6S NRBoO6dzadzX AdG Ol yQi
unspecified interval.

But evenfthe MAC randomization was not employed, and the requestswere being sent out in
asteadyrateKS aeéaisSy g2df R adAtt ySSR (2 1y2¢
a2 A0QR (y26 6KAOK al!/ | NEaasSa i y C

et
- R
w»

R 2
l'YR I O0Saa G2 (GKS RS@PAOSQa a!/ FRRNBaa Aa y
starting Adroid 6 even native apps cannot read it.

Because of these reasons, the idea of using passive tracking was abandoned, and it was agreed
that user will have to install an application on his device to use the navigation

2.5.4 User Onboarding
Sincethe first idea d the user onboarding with the help of web application was rejected,
different options had to be explored.

Even though not original in any way, stietmost commorand reliable approacts tomake
useof a native application, which has the accés$8ViH state, can keep the device running, and
provide an interface streamlined into the phone, rather than having to use the browser.

Anotherideahoughof how to onboard the user into the system was, that on the intersections

could be placed informational pals with lists of destinations and corresponding buttons. User

would press a button, and the navigationwould light up to show the way. This way though there
g2dzZf RYyQli o6S Fye GNXOlAy3 LRRaaroAfAaAildArasSasz az2 i
intersection, where the user would have to pick a destination again.

11



2.5.4.1 Beacons

Not only smartphones can be tracke®luetoothbeacon technologgxists wherethe phone
can becorfigured to act as a beacon, but standaldBleietoothbeacon fobs can be bought as
well. Handing oubf thesebeacons was ultimately denied in the end, as the probability of not
getting them back from the visitors is very high, éinel cost for their often replacementwould
be not acceptable

This schema wodlon the other hand probably work well with employees, as they could have

the Bluetoothfob for exampleattached to their ID and the probability of theft would be

comparatively very low. Though on the other hand for navigational system to make sense it

would have to be a very large and complex building, as otherwise employads leam the

gl e&a FNRdzyR Fraid IyR 2y Qi o0SanymbreySSR 2F KI @Ay 3
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2.6 SOLUTIONPROPOSAL

2.6.1 Visual navigation

For providing the visual navigation, digital I9&ips will be used. Navigation units shall be
placed at the intersections, and from these strips LED signs in the geometric shape of given
intersections will be createdfor example X or T shapes. Users will be then navigated by
visual cues created bgtivating only arms of these shapes corresponding to the path user
should take animated in the direction the useris going

Figurel: Navigationvisual cue principle

2.6.2 Localization and tracking technique
After evaluating all the e@searched techniques, it was decided to use WiFi client based
fingerprinting.

Fingerprinting providea robust discrete location det&on, andis not as complex to develop
as thecontinuous localization. At the same time, it perfediltg onto the model of location
graph in which the nagation units will be displaced, where the continuous location tracking is
not needed, as the activation of navigation units will be discrete in nature anyway.

The reason of using WiFi is, that we can toy use for fingerprinting the existing AP
infrastructure, and compare it to using orthe AP created by the navigation units.

2.6.3 Clientapplication

Because of the client based approach coupled with the need for providing some user interface,

a mobile appshoabecreated5 2 6 Yy aA RS 2F (KS 4SSt SOGSR | LILINZ | ¢
iOS devices, a®©S limits access to RSSI informatibinus the clientvill be only Android

application at first.

The selecte@pproach is thoughompatible with Bluetooth beacaas they provide the same

kind of informationg UUID and signal strengtand iOS grants access to the Bluetooth RSl

later an iOS application could be created as well, in case Bluetooth beacons would get positioned
throughout the navigable space.
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2.6.4 Pathfinding
An algorithm is needed for finding a way from the user's current location to his desired
destination.

Proposed solution is to represent locations as distinct nodes graph whose edges have
weights set according to the real world distance $veen those locations. This allows to solve
this problem as a regular shortest path in a graph problem.

2.6.4.1 Dijkstra's algorithm
An algorithm invented by a computer scientist Edsger Wybe Dijkstra, widely used for solving the
shortest path problem.

This algaithm works by performing a breadth first search through a graph, starting at the node
where we want the path to begin. At each node it visits it also notes how long is the distance
the sum of all edge weights crossetb this node. If the sum weight lower than the one
currently marked for this node, it lowers the value to the better one and stores with it the path
taken. After visiting all the neighbors of the current node, it marks it as closed, so the neighbors
Fd ySEG t S@St ¢ pytiede alieddy Pdicssdd Addes yWhein Kbl Rait the
shortest path only to a given destination, the algorithm can stop after closing the destination
node. Otherwise if left running it will calculate the shortest path to all nodes of the graph from
the starting point.

2.6.5 Handling of multiple users

Since the system needs to be able to navigate multiple users at the same time, and different
nodes can be passed at the same time by users with different destinations a user friendly
visualizationis needed. Each useh& selects a destination automatically gets assigned witha
color. This color is shown in mobile app and then used in animations at each node. There is still
a probability of two users arriving at the same node simultaneously. Clear distinction of correc
path of each users is ensured by color and therefore animations of each path can be shown on
one node in two ways. Either blend the two colors, using the individual LEDs in strips, or
periodically switch different animations in time cycles. The lattes whosen, for clearer
distinction and to avoid confusion. With user accessibility in mind, colors needed to be with
maximum contrast and time cycles optimized.

2.6.6 Shades of maximum contrast

When researching an algorithm for generating the most contrastingrspit soon became
obvious that such task is not as easy as it seems. Firstidea how to solve this, was simply using
HSV system to take any default hue with maximum saturation and value and rotate it by a given
amount of degrees.
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Problem with this approach is, that the perceived difference of hue is not the same when
changing the hue by equal steps. When changing a value of hsiepyf30, value 50 and 80

are one orange and the other lime, while 110 and 140 are both a sligiitgreht shade of
green.

1.0 ‘ Spsy=1

0'00 50 100 150 200 250 300 350

H

Figure2: HSV Color Space

{2t dziAz2y LQ@S OK?2aSy lisid 22quedefinedicoldisgKendattOelly O2 £ 2 NE
(GreenrArmytage, 201Qwhich are designed to haseemaximum perceivedontrastpossible.

2.6.7 Failsafe alerts

Not onlysignalgndicating the right way, but also those giving a wrong way feedback improve
dza Sawiyito successfully reach his destination. When user arrives at a wrong node two
messages areotmunicated. First one is that of wrong way, represented by red color, a visual
cue easily decoded. Because user needs to be informed not only about an error, but also
provided with an alternative solution, error message animation is (in a similar weynaslisers

arrive at same node) alternated with signal returning user to his correct path.

2.6.8 Audio cues

Audio cues should be used not to substitute, but only supplement visual signals. Mainly for
handling user alerts of wrong way and to make user expegenore pleasurable, implementing
commentary, music at special evemisd others.

15



2.6.9 Proposed infrastructure
In the proposed architecturdViFi fingerprintareO2 f t SOG SR 2y @&mmShANa a Yl NI L

surrounding access points. Then they are send ¢todhe server,which should evaluate the
data and calculate users position. According to this location, sesheuld then activate
correspondinghavigator units

Smart Phone Server

WiFi Fingerprint
>

]detects activates
_> O

-
' Navigation
LED sign
creates N
‘ )
Surrounding Navigator Unit | @
WiFi Access
Points Audio output

Figure3: Conceptual System Architecture
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3 IMPLEMENTATION

In this chater will be presented information about how the system was developed. Faist is
summan2 T GKS O02YLRYySyda gKAOK YIF{1Sa dzLJ G6KA A aes
how are all of these components deployed, and how they interact with each other. Afterthata
detailed description of each component will follow.

3.1 SELECTIONDFPLATFORM AND LANGUAGE

Most of the components of this system were written in JavaScript, including the backend server
and navigator control software.

While JS is for most the language of choice for web applications, backend and embedded
software is today still being astly written in different popular languages like C, Java, Python or
Ruby.However since the Node.jsJavaScript runtime which will be later discussed further
runs now not only on x86, but on ARM processors as well, itis possible to use JS is afi part
the technology stacknicluding the embedded hardware.

Thanks to React Nativea JS mobile development cross platform framewatkvould have
been possible to write the Android application in JavaScript as welhdverthe choice was
made not to,so the Android clientis the only component writtenin a different language, which
isits native Java.

Though if the need for iOS application would arise in the future, as discussed in the concluding
part of this work, it might make sense to rewrite thwbile client using React Native, and have

all of the components which makes up this system written in JavaScript, a feat impossible not a
long ago.
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3.2 SYSTEM ARCHITECTURE

The generakedway how the system should operate has been described in the previous
chapter.Essentially itisa cliegserver architecture, where communication is being made using
REST interfaces

3.2.1 Components
There are five key components which makes up this systédhas in braces being their
correspnding GitHub repository names:

Backend servefnavsysbackend): Backbone of the whole system, Express.JS based server
acting as an intermedigufor all the other components.

FIND serverPartner of the backend serverpen source service providing machine leaming
based API for WiFi fingerprintidentification.

Navigators(navsysnavigator) Navigation units powered by Raspberry Zero W, equipped with

digital LED strips. Based on Express.JS as well, they are expossigagRiace for accepting
commands.

Android Client Apgnavsysclient-android): The user facing component of this system, which
provides interface for selecting desired destination, and collecting WiFi fomiges for
localization needs.

Management froitend (navsysmanager): Simple web application written in React, created for
purpose of easy system administration.

18



3.2.2

Use Cases

Following is the diagram showing use cases wthielsystem supports:

navsys

View <<includes>>
Destinations

Change system
mode

R
QOO®

<<includes>>

Manage

Create entity locations

Start Navigation

=<includes>> Administrator

User Manage

Update entity navigators

Cancel

Navigation Delete entity

Figured: Use case diagram

ToillustrateK 2 4 R2S&a (KS aeé a leSphainitonife\isdicssas of hOwRuseisA 1 S (i
registerto the system, and how does the system navigate them.

3.2.2.1 User session registration flow

1.

When user wants to be navigated somewhere, he flvas to choosea desired

destination in the client application. When that happens, the client application sends a
NEIAAUGNI GA2Y NBIldzSad G2 GKS o0FO1SYR aSNBS
WiFi fingerprint of his current position.

When server receives theegistration request, it sends the WiFi fingerprint to FIND
service for location identification.

FIND service runs Naive Bayes analysis on the received fingerprint, and sends to the
backend the closest match.

When backend gets back the location analysis results, ittisesreturned location for
calculating a shortest path between that location and requested destination.

Backend then activates the navigator unit corresponding toothée Schiki it location,
navigating in the heading of next location in the calculated path. At the Sames it

activates the navigator at the next location as well, which will display way to the third
location.

At last the backend assigns available color to this user sessiometmrds it to client
application with the calculated current location
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Figure5: User registration sequence diagram

3.2.2.2 User tracking flow
1. Mobile application starts scan for surrounding WiFi networks. Resulting WiFi fingerprint
issentto backend S N3&AE®ENdpoint.

2. When server receives track request, nésends it to FIND service for location
identification.

3. FIND service runs analysison the receivedfingerprint, and sends back the closest match.

4. When backend gets back thaeintified location, it sends it to its track handling method,
which decides if there should be any change in active navigators or not

a. If yes then, according navigators get activatedeactivated
b. If not, then there is no change, location only gets pustoediza Sld¢aién history.
5. Calculated location is send back to the mobile client

Sequence diagram of tracking flow would follow the same pattern as the registration.
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