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Preface

This document constitutes the Final Report of thetlsesis Project of the”‘?year in MSc
Geomatics, TU Delft GEO 2001 This Synthesis Project is done in cooperatiothvihe
director, project coach and the client: the Muradiily of Rotterdam. The aim of the project is
to develop a working prototype application to fiamad display the location of a colleague in a
high-rise building (‘De Rotterdam’). All acquirech&wledge from the first year in Geomatics
is used, as well as new learning experiences auwbwries within the context of working in
a team.
This report consists of the requirements, concepglysis, literature research and the
implementation performed by the team in the eigh¢ke set for the project.

The Final Report starts with the Executive Summaryich explains in more detail
the scope of the project. Then the document stredagically follows the actions taken to
form the prototype application.
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1. Executive Summary

The project ‘De Rotterdam’ aims to provide the Mujp@lity of Rotterdam with a solution to
the problem its employees face, when needing tbacomnd meet fellow team members in
the vast new environment of ‘De Rotterdam’ buildihgfact, in this building, employees do
not all have a fixed workplace to work at, but cllwose to work at flexible workplaces. This
makes it hard for employees to find their colleajuespecially since the building has 44
floors. In addition, another challenge is addressduich stems from the unawareness of
employees about the availability of free workspaoe®e Rotterdam’, which will cost them
time and can cause frustration.

The team comprised for this project has been asketbvelop a smartphone application
with an easy to use interface that can locates¢s,as well as the colleague the user wants to
find, in a reasonable time frame with the help atfvmonitoring. Additionally, dependable
navigation should be provided with a route desmiptAs an agreed limitation, given that
most of the employees use Samsung smartphoneapftieation will be aimed for Android
software devices.

The requirements in this project are decided bgdlparties: the client, the coaches and the
team itself. For the client, a working prototypeeigected that fulfils the functions described
above. For the coaches, it is important that thelesits work as a team, where every
individual has a distinct technical role. For tearh, the foremost purpose is to create an end-
product that they can be proud of. To achieve #wgryone in the team has to be active and
creative. Besides the result, a relaxed and nassful way of working is desired, while the
educational learning factor remains high.

The scientific research for this project focusestmextent to which it is possible to localize

a detected device through Wi-Fi monitoring. Foistpurpose Wi-Fi scanners are used and
data needs to be consistently collected. A numbércalization methods can be applied and

the final result is displayed to the client's melkevice.

1.1 SYSTEM ARCHITECTURE

In our design, its major components include thgg@mming language, the operating system
(OS), a Database Management System (DBMS) and a Béshice. The OS for this
smartphone application will be Android, as requa$te the Municipality of Rotterdam. Next,
the programming language will be Android Java wittvaScript and PHP connections and
Python, which the group members are more familiéin.viror this application that requires a
lot of data, a DBMS is also necessary, to keepltta organized in one place and to be able
to query fast. Although the database can be storeeither an external server or locally
stored on the smartphones, an external servebwild better choice in this case, considering
the application’s performance on the smartphoniesesthe data storage requires a lot of
memory. Besides, in order to further make the &gitdr on the smartphones, a web service,
acting as a middle layer between the client andl#tabase, can also be considered, by which
all the calculations including localization andpéinding algorithms on the database can be
called from the external server.

For desirable functions, foremost the applicatidrousd localize an employee. This
localizing is done using Wi-Fi monitoring. A locadition algorithm determines the
localization of the user and the employee thatheeygants to be found. When the employee is
found, the user wants to be navigated to the aglieaA shortest path algorithm takes the
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positions of the user and the target employee ahdllates the shortest route to take. This
route will be visualized by a rendering program aadt to the smartphone.

1.2. THE LIBELIUM MESHLIUM XTREME SCANNERS

The hardware used in this project consists of 4liilcn Meshlium Xtreme Scanners, which
are used to scan for Wi-Fi-probes of the smartpsoii@e data received by the scanners
always contains the MAC address of the scannedégwihich allows to identify it uniquely,
the strength of the signal (RSSI), which gives @lverage distance of the device from the
scanning point, the vendor of the smartphone (Apptkia, etc.) and the TimeStamp, which
indicates the date and time the data was collected.

The collected data can be either stored locallytlen Meshlium scanner or stored in an
external database.

Three tests with the 4 Libelium Meshlium Xtreme 18uers were performed in the faculty of
Architecture in order to find out the range of swag of a Wi-Fi monitor, the influence of
obstacles on the signal strength and in ordedistinguish areas based on signal strengths.
This environment was chosen because the spacemitarsito the environment of 'De
Rotterdam’. In order to keep all tests consistariew things were taken into consideratidn:
Meshlium Xtreme and 3 Samsung Smartphones wergadtilfor the all four tests, the
scanners and the phones were time synchronizedctimners were all set on a scanning time
interval of 30 seconds and the data was colleatedaich point for a time interval of 5
minutes.

Then six tests were performed in ‘De Rotterdamiding were carried out to collect the data
for the implementation of the so-called 'Catch-Heague' application. The tests were held in
the 16" floor of the building, where the environment catsimainly of open spaces with free
workspaces and small rooms made of glass and thlis.w

Four different scanner layouts were tested. Infitlsé scanner layout the scanners are placed
at the four corners of the building. In the secsndnner layout the scanners are placed close
to the corners of the central empty-space rectamgieh includes the elevator area, stairs and
non-working areas. In the third layout the scanmaeesplaced around the concrete block near
the elevator and pathways, which are better covierdluis case. In the fourth scanner layout,
the four scanners are placed only in half of tl@rblan to explore the impact of having a
denser scanner population per floor.

The application developed in this project conststseveral components: space subdivision,
localization, navigation and visualization. All tifem will be addressed in detail in the next
paragraphs.

1.3 SPACE SUBDIVISION

An important component of the ‘Catch-a-Colleagugplacation is the space subdivision of
indoor space, which is fundamental for correctlydqwg an employee to the location of
another colleague but also for testing the loctbnaalgorithm. Since the indoor environment
is much more complex than the outdoor environmdifferent aspects have to be taken into
account while modelling and subdividing indoor spasuch as obstacles like furniture,
columns and walls. Different spatial models canchesen to model indoor environment:
geometric models for representing the shape andribigic properties of spatial objects,
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topological models to highlight the relation betwespatial objects, whereas semantic models
to focus on the meaning of spatial features.

First of all, for subdividing the space in '‘De Rottam' building a few requirements are set-up
by the team: the subdivisions should all have #maessize, should consist of around eight
subdivisions (based on the localization accuragypuld not distinguish between rooms/ open
space and should not be too detailed. In the emadifferent implementations are carried out
by the team: the intuitive space subdivision anel dalntomatic space subdivision, which is
based on the Multi- Layered Space Model from InGidL.

The intuitive space subdivision is based on subdig the space in a human-understandable
way, considering the characteristics of the buddfobstacles, rooms, etc.), visibility criteria
(e.g. line of sight) and the usage of space (wa&sp). Despite this solution might lead to a
better human-understandable result, it is quitel barbe implemented in an automatic way,
since the environment must be modelled accurakelysthermore, it can be time consuming,
because it requires manual editing of the subdimisi The subdivision is made in CAD
software and then the different regions are coedemito Shapefile format using GIS
software.In the end eight different subspaces are creatskdon the different workspaces
that can be distinguished in the floorplan.

The automatic space subdivision is carried outgoaring a triangulation of the indoor space,
since the team has experience with this method.Cdrestrained Delaunay Triangulation has
been chosen to decompose the polygon of the fl@or ipto non-overlapping triangles. The
Triangle software package with Pyshape and Shapglyon libraries are used to script the
algorithm. Later, the triangles created by thengislation are then combined with the range
of the wifi scanners, in order to create a spad®lisision that fit well with the accuracy of
the localization method. Buffers with a radius 6fdnd 20 meters, taken from the heatmaps
of the fingerprinting localization method, are bwitound each scanner. All the triangles that
fall into the circle were considered being partook subspace. In the end all the triangles
belonging to each subspace are merged togethethanolverlapping polygons are manually
deleted, so that in the end each subspace have thieosame size. The automatic method can
thus better be referred to as semi-automatic. Wighmethod eight different subspaces were
created in the end.

The triangulation was also combined with the heapsn but with this approach just four
or five subspaces are created. Since it leadsr&ther too coarse subdivision, which is not
suitable for the localization, this approach hasbezn tested and automatically implemented
in code.

Both the space subdivision has been tested indtaization algorithm. A slightly better
result in the localization has been registered Wit semi- automatic space subdivision
because it takes into account the range of thenscanwhich are not considered by the
intuitive one. However, the intuitive space subsimm seems in the end to be the most
suitable for being used in the navigation, becatige based on the usage of space. By
dividing the space into different workspace, ismaore understandable way for a human to
navigate in an office space.
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1.4 LOCALIZATION

Among the functions, the localization algorithnthe core and also the most difficult part in
the whole project. Thus, an extended research calization techniques was performed,
based on literature and case studies. In the &mwd]dcalization methods are explored and
implemented by the team: the multilateration method Wi-Fi fingerprinting method.

In the multilateration approach, a multi-metric ¢tion that mainly takes into account RSSI
values and roughly translates them into distan€diseodevices from scanners is constructed.
It is the process of determining a relative unkngwasition of the device at question, using
the geometry of spheres or circles, whose radigeseribed by the above function. At first
the trustability of the RSSI values perceived bg fitanners needs to be assessed. For this
reason, a logarithmic function is derived. The fiorc applies a weight to each RSSI value,
based on how recent it is to the time of requeerAhe weights are calculated for each RSSI
value available, the weighted average of them mpided that yields one RSSI value for
each scanner. The next step consists in translétosg RSSI values into distance, even if this
translation is not easy to handle and in many cadess been proven that exact positioning
through this method is impossible. Nevertheles$urection was constructed to make the
multilateration method feasible to an area/roonemixtNormally, in this method, at least 3
circles need to intersect in order to achieve iaatibn. In indoor environments with a small
number of scanners this level of availability istguifficult to achieve. In order to overcome
this, an indicator is applied on each ring thatraef its priority in choosing it as a best option,
even when tri-/multi-lateration is not achieved.eTéutcome of the algorithm is an area that
localizes the device in question within it. The division that matches best the resulting area
is the one returned as the final solution of laztion. As an added feature, it is possible that
after the algorithm returns the first solution¢dn also return a second option of an adjacent
room that possibly the device lies.

The fingerprinting approach consists of mainly twbases: the training phase and the
matching phase. In the training phase, the given & divided into many small cells, and for
each of them an RSSI value is rather directly memsor computed by interpolation. Then
heatmaps with these values are created. In thehimgtphase, live RSSI values can be
compared, using a matching algorithm to find thetbmatch with the training database
(fingerprints), created in the previous phase.

For the implementation of this method, before the data collected in 'De Rotterdam'’
building can be used, some processing is carrie@dud a local coordinate system is defined
using two different grids (2x2m and 4x4m). Since foo every cell of the grid an RSSI value
has been measured, interpolation is performedgusia Scipy Python library. Not all the
sampling points are used in the interpolation, esiseme of them (testing points) are used to
test the accuracy of the heatmaps. Then, the Nedeghbor matching method is used to
match between the recorded fingerprints (samplioigtp) in the heat maps and the testing
live fingerprints (testing points). Location witlhe least sum of squared differences is
assumed to be the best match. As for the multdtiter method, the localization can be
improved when given a second choice or even a thoice.

The multilateration method relies heavily on thesdn function which models the translation
of RSSI values into distance. The function itseldependent on the scanner placement and
mostly on the surrounding physical environment.tti@nmore, the solution can have varying
success rate depending on the space subdivisidarazuimbined solution. Therefore, indoors
localization through this process is a multi-lageneroblem which takes into account a
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number of factors that are difficult to model, wain achieve a good outcome with a high
level of automation and environment modeling.

On the other hand, fingerprinting method is a mecnethod and close to the real
distribution of values. It can be updated by usput. However, it is quite time-consuming to
collect the data and it strictly depends on thesealayout.

1.5 NAVIGATION

In order toenable the user to find their colleague, navigattoneeded to communicate the
route to the user. For accomplishing this taskescdption of how the subdivided spaces are
connected is neededfter having analyzed the main approaches for gamey the navigation
system, the network approach was selected for ‘De#eRlam’ building since it fits better
with the characteristics of the building, it is g&s design (few nodes and edges needed) and
not high localization accuracy is needed.

In total, three different networks have been immated by the team: the manual network,
the semi-automatic network and the automatic nekwor

Since the manual network is manually drawn usinGAD software, it can be easily
adapted to the characteristics of the building t@dies, rooms, etc.).

The semi-automatic method considers the buildirggry. Certain nodes are necessary
for an efficient routing for any floorplan in the iélTower of ‘De Rotterdam’ building,
regardless of the space subdivision. For this reasobasic routing’ is created as a part of the
network. It consists of nodes in and around thédimgs core, enabling navigation from and
to the elevators and staircases. Additional noaestHe routing around the core of the
building are added to enable an effective routifjer this basic routing is in place, the
subspaces resulting from the space subdivisiorbeataken into account. For each subspace
the centroid is computed using the Python libramgly. The script thus then searches for
the center points of the subdivisions and conrtexge points with the route around the core.

The automatic network does not consider the bujldjaometry. It uses the center points
of the subdivisions as a starting point. After commpy the centroid, each centroid is
connected with the centroids of the neighbouringspaces and in this way the network has
been generated. In many cases the network cros$es Which represent the rooms left out
the subdivision, since they are seen as obstaglese people cannot walk through.

Once the network is generated, a route computadoneeded from the user's position
towards the target position. When both positiongehlaeen appointed to a certain node, a
computation of the shortest path between thesesncale be performed. The user's position
will then be defined as a start node and the taggetsition will be defined as the end node. A
path finding algorithm will search for adjacent esdaround the start node, until the end node
has been found.

Different path finding algorithms exist, varying ocomplexity and computational
efficiency, each more suitable for a certain agtion. Since a starting point is already
known, single source shortest paths algorithmsansidered for a weighted and undirected
graph. In our case the graph is undirected becaugenovement through the network can be
done in both directions. In our implementation, Bigkstra path finding algorithm has been
used, since it is easy to implement and the teasnelxperience it. A prewritten Dijkstra
algorithm scripted in Python has been used, whagles as input an adjacency list with the
nodes and the edge lengths. The Dijkstra algorgbarches through adjacent nodes, based on
a priority queue which extracts the nodes with aimum weight (distance) from the source.
This means that equal amounts of nodes are visitedl directions, until the end node has
been found.
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1.6 VISUALIZATION

In order to navigate an employee towards a colleagwisualisation might be the most direct
way of achieving this. The route the colleague hadollow will be displayed in the
application, in which all the loose componentsa@mbined. The application is developed for
Android, as the employees of the Rotterdam muniitypare granted mobile phones which
run on that platform. Since, there are around 38@ployees working for the municipality of
Rotterdam, all of whom can be present in the offitehould be easy to select the colleague
one is looking for.

The first step is to acquire the mac-addresse$i@fsearching and the searched colleague,
which are stored in a database. In this case My®Qikbench is used and two tables are
created: one table storing data about departmewitsaother table for individual phones. To
select the searched colleague, the relevant depatrtman be chosen out of a list of
departments. Then following step is to select deague that belongs to the selected
department. Then, a connection to the databaséohas made in order to retrieve the mac-
address of the searched colleague. Frequently ingdand validating the database with the
correct mac-addresses for each colleague is criarigdhe functionality of the system. Since
the users’ location is also required, its mac-asklghould also be retrieve. Once these values
are found, the localization script can be requetiadin with the two mac-addresses as input
nodes to retrieve the shortest route. In ordeugrythese tables from the application, PHP is
used. The PHP-file is stored on an external server.

Similarly, another PHP file is called, in order ¢all the python script containing the
localization algorithm on a remote server, to ruithviwo mac-adresses as input. Once a
location is returned, the Dijkstra's shortest-ggorithm is run on these two nodes and in the
end a route given as a sequence of node numbetsiieed.

When the route is known, a visualisation which eshthe user with its navigation can be
created. To do so, the route should be renderedeswmpanied by an illustration of relevant
building parts.

The visualisation can be done rather in 2D, 2.5BDrdepending on the demands and the
complexity of the building geometry. Since a 3Duaksation can show more information
about the building geometry, which may help therugés chosen to be implemented in the
project. With a 3D visualization, (parts of) a 3»del can be depicted on the mobile phone,
while nodes and lines can be rendered on top sf 8tiowing or switching between different
floor levels (visible buildings parts) and levelsdetail (layers) belongs to the possibilities.
However, it could be heavy to run as mobile applca

In order to render the geometry and routing thentdws decided to use the 3D engine
Unity3D. Unity3D is known to be capable of visualig the geometry and routing and, more
importantly, it is compatible with Android applieans. Within Unity3D a scene is created,
consisting of a 3Dmodel, lighting and textures.tOm of this the route will be renderer. Since
the model created for the three floor plans isvaoy rich in semantics nor is it geometrically
detailed, the geometry is directly stored on thenghrather than on the server. To visualize
the route clearly, only the floor plan, on whicle tfearched colleague is present, is used.

The camera is used to determine which part of gwgtry is visible and in what way.
The team has decided to use a bird’s eye view petisp as it created the most oversight of
the building. Although the entire floor plan is e from the initial view, users may wish to
change the camera position in order to get mowanmétion of the building geometry.
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1.7 CONCLUSIONS

To conclude, the project aims to help employee®Dm Rotterdam’ building to find their
colleagues and free workspaces. The objective det@lop a working application prototype
for Android smartphones with an easy to use interia 3D-view that can locate its user and
colleagues and provide a dependable navigation miite description with the help of Wi-Fi
monitoring. There are requirements from the cliém, coaches and the team, that have to be
fulfilled in order for this project to be a succe§®remost, the team has tried to achieve a
working prototype for the application Catch-a-Caliee that complies with all the
requirements mentioned above.

In the development of the application, privacy essunay arise since some issues related to
the use of the user's location information may oct¢iowever, smartphones have been
provided to the employees by the Municipality oftieadam, thus many privacy issues may
be avoided in this case. The employee's permistionld still be asked in advance, as well as
the purpose of collecting the MAC address of theiaes should be clearly stated and
personal data should be sufficiently protected frorauthorized use.

Making a conclusive remark for each of the loosengonents, it can be said that the
multilateration method relies on the scanner plargmnand on the scanner layout, which may
affect each other. RSSI has been discovered taustean indicator which is not directly
translatable into distance. In the end with mukiation it is possible to achieve a good
outcome if the environment is modelled.

For the fingerprinting localization method the @awent of the scanners define the result of
the heatmaps and therefore it is a deciding fdotathis approach.

Regarding the space subdivision, the intuitive spgubdivision seems in the end to be the
most suitable for being used in the navigationabee it is based on the usage of space and it
is more human-understandable.

For the navigation component, by comparing all difeerent networks with each other, the
manual network seems to be the most effective sihagan be easily adapted to the
characteristics of the building (obstacles, roow®is,). Further investigation needs to be
performed in order to achieve a network that camegent a manual one in terns of efficiency
for the scope of the application.

Finally, for the visualization component, a 3D miode the mobile phone may help the user
as it shows additional information about the buigdgeometry. For indoor environments with
complex spaces, route descriptions may be of beioete user.

In general it can be concluded that the challegeseating an indoor navigation application
do not only lie in the loose components. The iraéggn of the system requires both some
technical knowledge and resources. Consideringithe frame allowed for the project and

the research scope, a satisfactory result is agtliev
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2. Introduction

2.1 INTRODUCTION TO THE TOPIC

The Municipality of Rotterdam is moving to theirmavorkspace: the new office building
‘De Rotterdam’ in Rotterdam. This building consisté three towers, of which the
municipality will be using the so called MidTowgrartially. An important part of moving to
the new offices involves making use of flexible ka&paces as approximately 3200 colleagues
will be working on 2500 workspaces. This means #raployees will not have their own
workspace, but will work on any available workspacea given day. A consequence of this
is that finding your colleagues within the buildirsga difficult issue, as they may be working
in different areas on different floors of the binigh. Employees are supplied with mobile
phones by the Municipality, which could be usedaisolution which aids the user to find
his/her colleague. Therefore, the main objectivetto$ project is to develop a mobile
application which enables the user to find a colleawithin ‘De Rotterdam’ building.

2.2 RESEARCH AREA
2.2.1. Objective
The main objective of the project is to:
“Create an Android smartphone application for theihicipality of Rotterdanto locate their
colleagues in ‘De Rotterdam’ building with the helpwi-Fi monitoring”.

2.2.2 Research area
Research question
The research question corresponding to the maecobe is:

“To which extent is it possible to localize a caligie using Wi-Fi Monitoring
on a single floor level in ‘De Rotterdam’ building?

The research of the team will be focused on thalilwation part of the application, since a
precise localization is required for the goal & #pplication.

In order to give an answer to this question, redeand testing needs to be done. Since the
endproduct is one application, where all the congptgsuch as navigation, space subdivision
and visualization are integrated, the researchtmguesan only be answered by having also
subgestions/ research areas concerning thesecotmgonents.
These subquestions/ research areas are:

1. An investigation of the positional accuracy of Wirkonitoring techniques.

2. How can you model the relationship between sigmmahgth (RSSI) and distance?

3. What is the best space-subdivision method for ‘D&dRdam’ building?

4. How can you visualize the route to take?

5. How to integrate the different components (liazeéion, navigation and visualization?

2.2.3. Research approach
In order to create the end result, a working pxgiet several steps are done by the team.
After stating the research question, literaturee@esh was done. That included reading
scientific papers, as well as meetings with thgegmtocoaches and client. During the research,
several tests were performed with the hardwareigeay in different testing environments.
Concepts were thought of and implemented. Resudte wathered to test the implementation
and to be able to answer the research questiothdfarore external help was sought in the
18
Synthesis Project De Rotterdam 2014:
Matilde Oliveti| Godelief Abhilakh Missier| Damidiulder| Dimitris Zervakis| Haoxiang Wu



form of a meeting with the project manager of thieelium Company about the Meshlium
scanners and a (possible) meeting with the E-Sembtapany for helping with the
application.

2.3 STRUCTURE OF THE REPORT

This report is structured as follows. First, amadtction to indoor navigation applications is
given. Then the guidelines for this project arevited, such as the requirements, the users,
the constraints and the budget. Then the concépbevexplained into more detail. After that,

a lot of literature research done by the team mrsarized. In the next chapter more can be
read about the scanners and the performed test.cii@pter that follows explains in a
technical way, the implementation of the componémtsiake the application and the results
of the process are displayed. The last part ofrép®rt contains the conclusion with the
answer to the research question, as well as recondhatiens for further research.
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3. Indoor navigation applications

3.1. INTRODUCTION

The ‘Catch-a-Colleague’ application which is deyeld for this project falls into the category
of Location-Based Services (LBS), which can berdsfias services that integrate a mobile
device’s location or position with other informati@o as to provide added value to a user
(Schiller et al., 2004). LBS are extensively usedutdoor applications. But estimating the
location of people and tracking them in an indoovienment is still a challenge, since the
accuracy of explicit positioning sensors such a$ @GPoften limited for indoor environments
(Paul and Wan, 2008).

Nowadays, the ability to navigate people in indenvironments has become increasingly
important for a large number of applications, sitlee average person spends approximately
90% of his/her time inside buildings, indoor enwineents play a particularly central role in
human activities (Jenkins et al. 1992).

Several different approaches for indoor localizatxist, using a variety of technologies
such aaultrasonic sound, UWB radio, Wi-Fi, RFID, Bluetopthfrared, etc. (Quintas et al.,
2013). In particular, Wi-Fi is an attractive positing technology due to the widely deployed
Wi- Fi access points (APs) and the growing numbie/o Fi-enabled mobile devices on the
market. Wi- Fi APs can be found almost in everylubuilding, such as in offices, hotels
and shopping centres, etc. (Ching et al., 2010).

Using smartphones for accurate indoor localizatoppens a new frontier of mobile
services, offering enormous opportunities to enbancsers’ experiences in indoor
environments. Despite significant efforts on inddocalization from universities and
industries in the past two decades, highly accuaaid practical smartphone-based indoor
localization remains an open problem (Liu et &0132).

From literature review emerged that so far, notremy indoor navigation system based

on Wi-Fi technology have been developed, especiallyoffice environments. Some
commercial companies (e.g. Insoft) provides sohgidor indoor office environment
positioning and navigation but most of them combiddferent sensors (e.g. accelerometer,
gyro, camera, Wi- Fi, bluetooth, etc.) in orderachieve better accuracy. In addition, the
number of system for indoor navigation using robotsffice environments have also been
recently implemented (Marder-Epstein et al., 2@i8was and Veloso, 2010), but an overall
solution based on a single technology has not geh loletermined.
Considering the localization component, most of tase studies found in the literature
review apply Wi-Fi fingerprinting technique sindecan reach a relatively high accuracy in
the order of magnitude of meters, whereas Wi-Fiitoong is not much implemented, due to
the accuracy.

3.2. EXAMPLES OF AN INDOOR NAVIGATION APPLICATIONS

Radu et al. (Radu et al., 2013) developed Pazlphilencrowdsensing-based indoor Wi- Fi
monitoring system that is enabled by a hybrid lzegion mechanism, which integrates the
best aspects of pedestrian dead reckoning and Widérprinting (see Figure 1). Their focus
is on indoor environments with multitude of accpests (APs), such as shopping malls and
hospitals. Pazl relies on crowdsourcing for cortding the Wi-Fi fingerprint database and it
has been implemented through a combination of adréd mobile application and cloud
backend application on Google App Engine.
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Another indoor application for mobile phones wasaleped by Quintas et al. (Quintas et al.,
2013) in 2013, using Android OS, localization teciues and server side logic to do the
localization inside buildings. A general overviewtbe system’s architecture can be seen in
Fig. 2.

At the University of New South Wales in 2010 deysi®nts were made on an
application to provide students with location basedvices, such as finding a lecture room,

finding for example the nearest vending machinegidVi-Fi positioning technology (see
Figure 3).
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Fig. 3: System architecture. (Ching et al., 2010)
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Concerning the visualization component, most ofrtheigation programs use primarily 2D
plans for displaying the route, but in recent y&ame 3D interfaces have been developed for
several applications e.g. for emergency respongspitals, shopping malls, airports, etc.
(Meijers, Zlatanova & Preifer 2005). For instanee, app developed by Navizon provides
different display options: Buddy Radar which givesers a real-time display of where the
friendly devices are located in reference to thengls position. An overhead view is
displayed, showing the location of devices on &lBbr plan. Or Google Map’s View, which
shows device locations overlaid on a map of tha éee Figure 4).

- - -
Fig. 4: Different display options (Source: http:w.navizon.com/its/whitepaper.pdf).

For the current project the focus lies on creatingAndroid application for localizing by Wi-
Fi monitoring and visualization of the navigation3D. The next chapters will provide more
details about the concept.
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4. Requirements

This chapter describes the guidelines that werentakto account for the application into
more detail. These guidelines helped structurgtbpgect.

4.1 USERS

An important aspect for creating an applicationoigiefine who its users are. In the current
project users are the employees of the MunicipalitjRotterdam the main users. They will

work in the MidTower of ‘De Rotterdam’ building. Bhes are provided by the Municipality,

so they do not use their own phones. Basicallyy tixnt to be able to find a colleague during
their working day, through an application on thawbile phone.

Another user type could be visitors who have a mgewith an employee. They might
probably not know the building and for them it wilé even harder to find someone in the
MidTower. If they install the application at arrhvia ‘De Rotterdam’, it can help them guide
them through to the building to the right floor tbeir meeting.

4.2 REQUIREMENTS TREE
The requirements of this project, as previously toeed in the project plan, are decided by
three parties: the team, the coaches and the .chent¢e version of them is shown in Figure 5.

Fig.5. Requirements tree
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For theteam, value is placed on the final outcome and graldat tnuch can be learned as
well as to have a good team spirit and acquire afloew knowledge during this project. In
fact, the main requirements for the team conceeatorg an end-product to be proud of,
working in a relaxed and non-stressful way, renmgjrireative and learning a lot during the
project.

The coachesmostly want the team to work in a team and wheeryeindividual has their
distinct technical role. In addition, they also ugg that the team keeps them updated of the
achievements, delivers a good end-product andesptiiie knowledge acquired during tiie 1
year.

Theclient, the Municipality of Rotterdam in this case, watdshave a light application to
locate its colleagues, with a clear and an easys®interface. According to the client, the
application should run on Android devices.

4.3 CONSTRAINTS

Constraints are unavoidable factors that must kentanto consideration by the team and the
client to form a circle of agreement of what can dhieved. Some of them may be
unchangeable, whilst others might be managed gtdtiag can be erased or replaced for the
team to be able to explore different paths.

The constraints perceived by the team are presdm@ietv grouped by user acceptability and
technology used.

User acceptability:
- The employees might leave their smartphones odékk while they are away
(resulting in wrong assumptions by the application)
- Not every employee will turn on the Wi- Fi whichllmnake them impossible
to be found
Technology used:
- The number of the scanners provided for this ptajght not be enough to
cover the whole building/ floor
- The structure of the building or the layout of fleors might somehow affect
the accuracy of the Wi-Fi scanners (in some areadNi- Fi signal might be
blocked out)
- The accessibility of the building for the teamesttthe prototype
- The hardware (scanners/ smartphones) might be of pondition or their
accuracy and thus not good enough to perform &ggpbsitioning
- The possible layout of the Wi-Fi access points migit guarantee a satisfying
result

Assumptions
Considering the constraints, soassumptionshave been made by the team:
- For the Wi-Fi Monitoring only 4 Meshlium scanners atilized
- Every employee has a Samsung smartphone, provigetieo Municipality.
The app will thus be coded in Android.
- Every employee carries their smartphone with themctive mode.
- Tests will only be carried out on one or max tHteers, namely the 12 15"
and the 16 floor.
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4.4 BUDGET
The resources for the project can be summed upeifotlowing groups:
 Hardware Resources4 Libelium Meshlium Xtreme scanners and three Sarg
Smartphones provided by the TU Delft University.
* Human Resourceshe team (5 MSc students with different backgds)nthe coaches
and the client (the Municipality of Rotterdam).
» Software Resourceshe Android application, database (MySQL, Pospreerver
(provided by Wilko Quack), Unity 3D game engine.
Apart from the hire of 4 Meshlium scanners from tloenpany Libelium, no extra budget is
expected for the project.
The performance predicted by the team is mainiteel to being able to locate a person with
the hardware provided, with a certain accuracy &kenthe ‘Catch-a-Colleague’ application
working. The result to achieve is a working propey

4.5 TECHNICAL RISK ASSESSMENT

a s

- _

Fig. 6. Risk map assessment
(Source: Holland & Holland Enterprises Ltd, n.d.)

A risk map assessment is basically an iterativéiaicprocess containing the objectives and
the process as planned at the start (see Figurehé)further the project develops, the more
risks can arise. It is important to think about gwential risks in an early stage, to prevent
them or to take actions against them. The monigoand keeping control are part of the
guality management and are connected to the fostated objectives.
Risks in this project plan are/could be:
- to not have a 3D- model in time.
For the 3D-model the team is dependent on thetcliete client is not able to deliver
the model in time, the visualization will be in 2D in a simplified 3D- model, made
by the team itself. The application could be ldssarcin 2D. A solution would be to
start early with making a 3D-model by ourselves emdteep contact with the client
about the status of the 3D-model.
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- to not have access to the ‘De Rotterdam’ building
If the team is not able to test in ‘De Rotterdamiléing, because the access to the
building is difficult because of the fact that thailding is partially under construction,
the team has to find another location similar is thgh- rise building. An example of
that could be the Faculty of Electrical Engineeriddathematics and Computer
Science or the testing can be done in the old imgldf the Municipality of
Rotterdam.

- to not be able to develop an accurate enoughizatian algorithm.
If the localizaton algorithm is not accurate enguiie positioning would not be right
because the positions can be far off. Then theiagmn would not work properly.
Under the circumstances (the assigned time for phigect, the knowledge of the
team) the team tries to develop a localization réiigm as best as the team can.
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5. Conceptual design

5.1. CONCEPT APPLICATION
An example of how this kind of application couldnkas illustrated in Figure 7 below.

MidTower

Jim is on the 27th floor 27th floor

Route description g T T

, Go left 20m.
Enter the elevator

department v " Take elevator to

MidTower, 27th floor

person  w
- s

Who are you looking for?

exit on the left side

, Go right 30 m.
Go leftaom.

Colleague location
.
reached

Visualisation Route description

Fig. 7. Example of the functions of a colleagudifig application

To achieve this functionality, a system will be dped which consists of the different
components needed to localize and navigate emm@ady®eughout the building. The system
can be divided in three different components.

Firstly, the Localization component is introducadhich determines the location of a mobile
phone. In the project Meshlium Wi- Fi scanners Wwélused to scan for Wi- Fi-probes of the
smartphones.

Secondly, a Navigation component will determine hewser can reach the position of its
target. To do so, a floor plan subdivision, a nelwngeneration and a route calculation have to
be performed.

Finally, a Visualisation component will illustratiee building and the calculated route on the
mobile device, in order to guide the user to itstidation.

These components can be further divided in stegisnided to be taken during the process, in
order to develop the working application. In th&tilig below, an overview is given of how
these steps together can form the system.

The steps in the system concept are as followieg Esgure 8):
1. Multiple Meshlium scanners are continuously mormitgmmobile phones
2. An external database connection enables the congpafiscanner data
3. A user searches a target, the mobile applicatiqnasts a position
4. A localization algorithm is run on the data to fithet targets phone
5. Localization algorithm appoints the target to adividled part of the building
6. Localization algorithm appoints the user to a suioéid part of the building
7. A shortest path algorithm is run on the externalee
8. The resulting route is the input for the 3D engine
9. The relevant building geometry is loaded in theedigine
10.3D engine renders route and geometry and sendséme data to the smartphone

27
Synthesis Project De Rotterdam 2014:
Matilde Oliveti| Godelief Abhilakh Missier| Damidiulder| Dimitris Zervakis| Haoxiang Wu



& @ e I | et [External Database|
S l
WiFi signals " : L
“. l: ‘.. ‘ .:‘.
o @ [Localization Algorithm]

User phone

-
o - g
e, position of phone
._‘~
. . i b -
navigation & .
visualisation in R
» -
& -

application

[

3D model

[Space subdivision|

startnode, ennode .

building & route
geometry

®|Path finding Algorithm |

Fig. 8. Visualization of the system concept
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5.2. CONCEPT SYSTEM ARCHITECTURE

The application ‘Catch-a-Colleague’ consists of esal/ components and should provide
various functions. First and foremost, the appiocatshould localize an employee. This
localizing is done using Wi-Fi monitoring. A locadition algorithm determines the position of
the user and the employee that he/she wants to ifiten the employee is found, the user
wants to be navigated to the colleague. A pathifmalgorithm takes the positions of the
user and the employee and calculates the best touske. The best route depends on the
shortest path, or for example minimum costs. Thiste will be visualized by a rendering
program and made visible on the smartphone. Theethmain functions of the system are
thus:

- Localization: determines the location of the uset the colleague they want to find

- Navigation: determines the best route to take ftbmn location of the user to the
employee

- Visualization: shows the bestroute in 2D, 2.5D br 3

An app by itself consists of the following:
- System language or the programming language
- Operating System (OS)
- If necessary: Database Management System (DBMS)
- If necessary: a Web Service

The Operating system for the smartphone applicatitihbe Android, as requested by the
Municipality of Rotterdam. The programming languagé be Java/JavaScript and Python.
For this application that requires a lot of dataDBMS is necessary, to keep the data
organized in one place and to be able to query fast

The database can consist of the following data:
- Data about the 3D- model (floors/walls/doors/vettielements, such as stairs and
elevators
- Data for connectivity (the chosen network or gmath coordinates related to a space
subdivion)
- Data from the scanners ( at least ID, timestampOyIAccess Point, RSSI, Vendor)
- Data about the employees (name, MAC-address, thepat)}

The team prefers, if the team has a 3D- modelnme tito store the geometry in the database.
This is aiming to have all the data in the datatzas®to easily request the right parts of the
geometry for the visualization. This will lead toe application that is light.

The tables stored in the database contain an eegdotable, which links each employee to
the relevant MAC- address. When an employee’s imgat requested, the corresponding
MAC-address can be selected. The entries for thASCMddress of the latest 5 minutes will
be selected by the localization algorithm. The liaation algorithm will appoint the
employee to one subspace or cell, linked to a fleeel. The same process will be repeated
for the user employee’s location. The locations tteem be linked to a network, consisting of
nodes and edges for each floor. Then a path finaligorithm can be run to find the best route
to take from the user to the searched employeeedBas the data from this route calculation,
navigation can be given to the user and the righispof the 3D geometry can be selected for
the visualization.

29
Synthesis Project De Rotterdam 2014:
Matilde Oliveti| Godelief Abhilakh Missier| Damidiulder| Dimitris Zervakis| Haoxiang Wu



If the 3D model was provided, the team would haked to use the PostGres/PostGIS
database, because spatial objects could then kel stostead, the team has used the MySQL
database, which suits better for the simpler rateti purposes of the project and efficient
querrying.

The database can be stored on an external senlecally stored on the smartphone. If the
large amounts of data would be stored locally, application would be slow and heavy to
run, because the storage of data will require afloaemory. Therefore the data will be stored
in an external DBMS, which also has the advanthgé updating needs to be done on only
one place, instead of updating the locally storaté @n each phone. Also ensures the external
DBMS a more safe application, since you need toifogo have access to the data, in
comparison to the fact that everyone can accedsth#y stored data on the phone.

In Figure 9 the general difference is represented.

Direct Use a middle
connection layer
Storage -
saL sQL
Database Database
Middle Ware Web service
Thin Client Smartphone Smartphone
application application

Fig.9. Direct connection or connection through aldie layer

A web service, also stored externally on a servam, act as a middle layer between the client
and the database. The calculations on the datafzasée done by the web service, which
calls the files that contain the algorithms andsgete results back. This service is not
necessary, since this calling of files can be domghe phone too, but this will cost more
memory which can result in the app to run slowlizisTlead to the constrained options the
team can explore to try to implement a web service.

The concept System Architecture for the Rotterdgmtt&sis project looks as follows (Figure
10):
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Scanner data

Standards:

IndoorGML
sQL Geometry/3D-
Database Exists of model
Connectivity
Employee data data
Middle ware: Query the Resftiane Best route
Web service database
on external Location Path Finding
server algorithm algorithm
Smartphone Visualization Unity 3D:
User input application Rendering

Fig. 10. Concept System Architecture

To be able to create an application that is lightl auns smoothly as was one of the
requirements, it would be the best if the phonelfitwill be seen as a thin client, thus only
display of the route in a model will be done on fit®ne and that a web service, which
consists of the calling of the algorithms writtenRython code, would be used. The actual
implementation of the components in the applicatsoiurther described in chapter 11.
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6. Literature research and theory

This chapter describes the literature study thetleas done to create the several components
and the prototype. First the report describes goorant aspect of the application, namely
privacy. Then the separate components are desdntrediterature.

6.1. PRIVACY

In the process of the development of the ‘Catchele@gue’ application, privacy is
important since some issues related to the udeeaiders location information may arise. The
‘Catch-a-Colleague’ application can be consideregart of the category of Location-Based
Services (LBS), namely services delivered accortlnpe location of the user. The problem
of protecting user’s privacy in Location-Based $s#% has been extensively studied, since
the quick development of the latter in recent yemrd since privacy issues may affect the
success of the services themselves (Bettini e2@(09).

In The Netherlands the right to privacy is basedh@nDutch constitution in article 10, but
also European legislation provides an additionaidb@ the protection of privacy in The
Netherlands (van Loenen et al., 2008). Accordinghto Data Protection Act (WBP, 2000),
which implements the Directive 46/95/EC into Dutiggislation, personal data (data on
individual person) may only be processed for speatiind legitimate purposes and no longer
stored than strictly necessary (van Loenen e2@08).

In addition to the general privacy legislation vy and processing of personal data in an
employment relationship have to be considered m ¢hse of the ‘Catch-a-Colleague’
application. In fact, some questions need to bestigated: How do the privacy legislations
apply in a working sphere? Can an employee trusproracy during working time, when
using devices from his employer?

In an employee-employer relationship it can beiffasie for an employer to check the e-mail
and internet use of his employees. The Dutch DatdeBtion Authority has published a
report, “Working well in networks”, in which guidaks are provided on how to check he e-
mail of individual employees. In the Netherlandsréhare a lot of cases concerning Internet
and e-mail monitoring and camera surveillance ewtlorkplace, but so far there are only few
cases concerning localisation of employees. Howdran the few cases, it can be concluded
that the same reasoning will apply as is the casie iegard to internet, email and camera
surveillance. At least there has to be knowledgéhbyemployee that he can be monitored or
watched (FIDIS, 2009).

Furthermore, according to the Telecommunications @&lecommunicatiewet, 2012)
necessity of the processing of location data reguio provide a value added service. In the
occasion of mere monitoring of employees, therenigact no value added service, so in
general this way of monitoring is prohibited, uislékere is a prior informed consent of the
individual data subjects (FIDIS, 2009).

In the case of the ‘Catch-a-Colleague’ applicatemartphones have been provided to the
employees by the Municipality of Rotterdam, thusngn@arivacy issues are not occurring in
this case. In fact, if it were personal phoneshef ¢mployees, many privacy concerns would
take place and therefore the data would fall utickeidata protection regulation. However, the
application should still have a ‘switch off’ buttowhich allows the employee to disable the
localization service when he/she doesn’t want tdobated, when for instance the employee
IS not sitting at the desk and he/she is somewsise(e.g. in the toilet). In addition, another
option to avoid privacy concerns should be the teaof ‘groups of employees’, in such a
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way that personal data is accessible only to eedalleagues, for instance to the ones of the
same department.

The processing of personal data requires to provadige added service according to the
Telecommunications Act, as previously mentioned, iarthe case of the ‘Catch-a-Colleague’
application employee personal data is used to atleevlocalization of a colleague in a
dynamic working space environment.

In developing the application, as the Dutch Datatdtution Act states, personal data
related to the employees (hame, surname, departM&@ address etc.) should be stored in
the database no longer than strictly necessarypeomkessed only for the localization purpose
of the application, in order to guarantee the myvaf the employees.

Summing up, the employee's permission should bedagk advance, the purpose of
collecting the MAC address of the devices shoulalearly stated and personal data should
be sufficiently protected from unauthorized use.

6.2. SPACE SUBDIVISION

Different spatial models can be chosen to modelirideor environment: geometric models
for representing the shape and the metric propediespatial objects, topological models to
highlight the relation between spatial objects, rghs semantic models to focus on the
meaning of spatial features. Depending on the egipdn, all of these models can be
combined and hybrid models may be developed. THBwmg scheme (Figure 11)
summarizes the main indoor spatial models.

u Indoor Spatial Models

| I I 1
" fp———————l

—_— 7 i | L
u Geometric u Topological U Semantc ‘u Hybrid ‘

Real boundary of Arbitrary x Space {room, .
the subspaca boundaries Fully 3D space i Cﬂ";?;:: 20 corridor, vertical Ob]ecéic‘u:‘l?:lacla.
[walls and doors) {tessellation) ) passage)
L '.“ - 1

' l ]

Connectivity and Connectivity and
adjacency adjacency

Fig.11. Indoor Spatial Models.

6.2.1 Standard IndoorGML
For the implementation of the space subdivisioangards for indoor navigation have been
taken into account since they are crucial to entfugecompatibility and interoperability of
indoor spatial information. Several standards saslCityGML, KML, and IFC have been
published to describe 3D geometry and semanticbudtlings, but they lack important
features that are required by indoor navigatioriiegions.
In this project, Indoor GML, a candidate OGC stadgaas been considered since it provides
a common framework of representation and exchanigenaoor spatial information,
especially for indoor LBS and routing services.
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In IndoorGML, an indoor space is defined as a deteadls (cellular space) with an
identifier (ID) and a certain location (x,y,z coorates). Indoor space may also contain
additional information: semantics, geometry anatogy.

Semantics is used to classify and identify a qail @ determine the connectivity between
cells. For instance, one of the most commonly wudassification of cells is into navigable
(rooms, corridors, doors) and non-navigable (wablsstacles) cells. This classification is
useful to navigate through cells (connectivityyycg to be able to go from one room to
another, the knowledge that at least one commonioggdoor, window) cell exists (OGC
IndoorGML, 2014).

The geometric representation of indoor space isanotajor focus of IndoorGML, since
they are clearly defined by other standards like 19107, CityGML, and IFC. However, it is
still possible to represent geometry in IndoorGNed Figure 12):

» using external links to objects defined in othaadats (e.g. CityGML)

* including geometry within a IndoorGML document

* including no geometry within a IndoorGML document

GM_Solid (or GM_Surface)

Option 2: Geometry
in IndoorGML

1 Option 3: No Geometry

room

gmlid=001 . [ n T
Option 1: —
CityGML data External Reference [\
to room in CityGML \\//»‘
IndoorGML data

Fig.12. Geometric representation of indoor spa&ayrce: OGC IndoorGML, 2014).

Topology is an essential component of IndoorGML a&opological relationships among
indoor objects (e.g. adjacency and connectivityy explicitly described with the Node-
Relation Graph (NRG). Once adjacency relationstbpswveen cells are determined by
Poincaré duality, other topological relationships ®e defined from adjacency-relationships-
based semantic information (OGC IndoorGML, 2014g(Eigure 13).

Adjacency Graph Connectivity Graph

B1 Ext

B1 @ D1 @ L
Cell R1 B3 ‘
,’ ©
D1 B2
Cell R2 B3 b3

B4 D3

Dual Space
Topographic Space Dual Space

Fig.13. Adjacency and connectivity graph. (Sou@&C IndoorGML, 2014)
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In IndoorGML, besides the geometric, semantics @mmblogical models, another way of

representing the space is defined: the Multi-LageBpace Model (MLSM), which supports

multiple representation layers with different cidluspaces. According to this model, the
same indoor space can be represented for insta@e tapographic space, composed of
rooms, corridors, and stairs, but also as diffesgraices with WiFi coverage cells and RFID
sensor coverage cells (OGC IndoorGML, 2014) (sgareéi1l4).

| RFID Sensor Space Layer
| WIF| Sensor Space Layer
Topographic Space Layer

|
i J {7 Primal space

3D (or 2D) Geometry 3D (or 2D) Induced
(1ISO 19107) Topology (ISO 19107)

l \ Euclidean Space L
sens
o

l goinliare RFID sensor space
uality .
{ i A8} I < @
Dual space e -
Geometric NRG Logical NRG - . 2
7 o
- A AB B R1 h

Fig.14. Multi-Layered Space Model (left) and anrepée of a Multi-Layered space
representation (right). (Source: OGC IndoorGML, 2091

6.3. LOCALIZATION

For the purpose of the designed application, tlealipation part is the most important and
therefore part of the research question. Extenéseéarch on localization techniques was
performed, based on literature and case studies.gBneral view is that most studies are
focused on their specific case uses or empiricaletsoand scientific formulas which when

applied to the research environment have varyisglt® Promising new methodologies seem
to make use of models which could better generaizé make a base abstraction of the
problem, but at the same time remaining dependanthe real world environment and

surroundings in every case.

6.3.1 Scanner Placement
Scanner placement is a problem to be solved awits assuming all hardware is of identical
absolute capabilities. The local environment of Isyaimaterial, noise sources and human
intervention plays an important role which has gregact on signal strength, RSSI values,
multipath, the Fresnel zone effect (Zomax Wirel&ghjte Paper, 2010) and Wi-Fi coverage.

6.3.2 Research
Some research has been performed on this areah wtilicremains a questionable problem
for wireless network vendors and systems engind&stw a number of considerations are
shortly presented, but due to the extent of thiggat, both in time and applicability, they are
not assessed nor further researched.

- In (J.Mulligan, 1997) variouattenuation factors are considered and translated into
scientific formulas before tested out for perform@nThe research case is based on a
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generalized view of the problem and it is considaret to apply firmly on every case,
thus the present one. The author conclutiBisus far, researchers have not found a
large scale path loss model which closely matcheasarements within homes. This
may be an indication that new parameters need tinveduced into the path loss
model, such as construction materials and layouhefhome.”

- Specifically for triangulation-based localizatiomn automated way of defining the
placement of sensors into a known environmentdearched in (O.Tekdas, 2010). A
number of algorithms are presented but in the #gredproblem is NP-complete, which
is a hindering factor in applicability.

- Empirical models based aay tracing are taken into consideration in the creation of
(Winprop, 2010). The models are deterministic dretdfore require specifications on
path loss exponents and attenuation factors ofriymdg building materials. 3 models
are considered (see Figure 15):

i. One Slope Model (only path loss exponent)
ii. Motely Keenan Model (adding the intersectwith walls)
lii. COST 231 Multi-Wall Model (individual matetigroperties per wall)
In addition, multiple floor coverage is taken itocount in the overall solution.
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Fig.15. Different empirical models for signal coage within a building.
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Promising recent research was performed by (J.C2044) making use of the
Helmholtz equations which assume a solution independent of time. Wthenatter
factor is considered and a Finite Difference Tinmrain (FDTD) technique is carried
out, the resulting outcome is an oscillating fielew of the coverage area (vidwerg.

In Figure 16, a static view of the field createsitifies the positioning of the device in
the middle of the environment, which was the puepafsthe author’s research.

Fig.16. Electromagnetic intensity map making usthefHelmholtz equations.

All of the above could have had a positive influema achieving the best possible outcome
for the current project. Unfortunately, the scopéhe research, time restrictions, background
knowledge of the team but also the uncertainty rahdlating obstruction materials into
coefficient factors does not allow for making u¢swch models.

6.3.3 Case Study Scanner Placement

Although the previous part constitutes an areecsific research by itself, a more intuitive
approach was performed in the current case stualysi@ering the number of devices at hand
(4 Meshlium scanners) and the case environment RD#erdam’ building), a number of
possible layouts was designed, for which the appba could be tested. In the end four were
chosen which were considered the most useful antest the capabilities of the scanners and
use in the final testing of the application.

Therefore, in Figure 17 the following layouts aregented:

Max distance For this layout the four corners of the buildimgere chosen. The
reasoning behind it was that each scanner cantiselgccover about ¥ of the floor
area with “good” signal strength. Thus it would &éasier to detect the user in the
working areas, whereas the central area (whichoistijnfor walking, moving around)
are still covered but with medium signal strengBy. combining readings from
multiple scanners these areas could also be dissingd.

Concrete SquareScanners are placed close to the corners ofahgat empty-space
rectangle which includes the elevator area, staimd non-working areas. This
placement brings scanners closer to allow for marintoverage, while at the same
time keeps a high possibility for distinctions mmetsignal strength due to the thick
walls in each corner.
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- Elevator & pathwaysSimilar to the above, this placement would notynallow for
maximum coverage, but this time the pathways ared dlevator area are better
covered, possibly allowing for a distinction by dan signal values per scanner
couple.

- Half-building: In this final case, the desired option to cheskwhat the outcome
would be if using a denser population of scannersflpor. That is to search how the
algorithms perform in a smaller area of the builgiand whether it is better to have
more than 4 scanners per floor.

Each of these layouts has its own purpose as flo@scoverage is concerned. Taking into
consideration the physical environment and the remarange, the two first methods seemed
to be the most appropriate. Thus, the testing wassied on them as it will be described later.

Fig.17. Scanner placement: (a) Max Distance, (bh&ete Square, (c) Elevator & pathways,
(d) Half-building, no thick wall interference
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6.3.4 Localization Methodologies
Indoors positioning systems (IPS) are systems whidlze sensors (in our case, meshlium
scanners) in order to locate the position of a ifipeglectronic device like smartphones. A
regularly visited option is Wi-Fi fingerprinting\{ikipedia: Wi-Fi Positioning System,2014),
(M.Quan,2010), (V.Moghtadaiee,2014), (W.Ching,2Q10)e research value in the current
project’s case is that it tries not to follow tharm and explore other areas as well.

6.3.5 Theoretical Background
Given the current project’s context and the haréwaovided, the main measurements that
can be utilized for localization are the RSSI valueceived by the scanners. RSSI stands for
Received Signal Strength Indicatorand can be a rough decision factor of proximity do
scanned device to a transmitter antenna. On thpis,toesearch has been performed on the
actual relation between these values and theirlgegsanslation to distance from transmitter
antennas.

In (K. Benki, 2008), given certain hardware support and 3 iffemodels (free space,
two-ray, log-distance) RSSI values together wittirkk Quality Indicator (LQI) were utilized
to find the proximity and accuracy of readings. Tésults according to the authors depend on
the hardware functionality, environment and acty@dls of the application of how accurate
one achieves to be.

A multimodal approach is followed in (E.Martin, 201 where Wi-Fi, cellular
communications radio and accelerometer of smarghoare integrated to provide an
“accurate” localization measurement in room-resofufup to 87% rate of success).

An interesting model is built in (A.S.Paul, 2008heve RSSI calibration data assume an
observation function by fitting nonlinear maps beé&w known calibration locations and RSSI
mean values. A Bayesian framework of sigma-poininéa filters (SPKF) incorporates the
RSSI maps that fuse all sensor measurements vaim@le dynamic model of walking. The
dynamic model consists of a random walk model augetewith repulsive forces to account
for room-wall reflections and attenuations.

6.3.6 Localization Concepts

From the above research, it is understood thatnierlying problem is dependent on various
factors impeding its generalization. Furthermorestrapplications aim to an empirical and
“trial and error” solution that best fits each teate, therefore there is no general guideline to
follow for the current project.
As such, in this case study four approaches wersidered:

a. an Area Rings Approach

b. Multi-/Tri-lateration

c. Triangulation

d. WiFi Fingerprinting
For simplicity in the above cases, and withoutdbgradation of generalization, a 2D
environment of point-like devices and positions barsafely assumed.

a) Area Rings Approach

This approach provides a generic deterministic madlesignal disintegration as distance
increases between tracked device and scannesuings an open field view of the scanners’
radio signal intensity with no modeled interrupgsofwalls, multipath, noise etc). Each
scanner defines a number of “rings” which each tgke range of RSSI values related to the
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ones received from tests. The boundaries betwesminigs are considered to be fuzzy and
each ring’s thickness is assumed to increase titlgefuaway from the transmitter (Figure 18).

=
1

Fig.18. Concept of area rings of signal intensigy pcanner — no degradation.

The rings of different scanners interleaving is s@&n as an impeding factor but as a way to
better define the area of localization. If multipleeas are perceived as feasible locations, the
ones with the closest rings to scanners’ radii @esidered to be the most probable and
chosen as correct.

This model is deterministic in its approach butuiegs a testing phase in order to set the
values for each ring. A further step would be tgp to model the field based on the
environment interruptions the scanners face duthéa placement and by that create not
circular areas, but areas of varying shape.

b) Tri-/Multi-Lateration

By constructing a multi-metric function that maingkes into account RSSI values and
roughly translates them into distances of the dev/foom scanners, a trilateration method can
be conceived. Trilateration is the process of aeit@ng a relative unknown position of the
device at question, using the geometry of spharegaes, whose radii are described by the
above function (see Figure 19). It is a well-knawethod and has been used in surveying,
navigation and the Global Positioning System (GRS&jhe current case the main issue would
be finding a suitable function for the translat@rRSSI into distance.
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i

Fig.19. Tlteration (2D).

The problem of defining such a well-structured fimt is a matter of further research, but
some considerations can be taken at hand. Conggdafinite amount of time passed (enough
to achieve a considerable accuracy), the functigmedds on the RSSI values collected and
averaged (by a certain weight), a model of theosumding environmentefiy) and a scanning
factor which relates to the number of times a paldr device was scannes).(The model for
the environmentenv is a complex notion, since it involves attenuatiactors, multipath and
wall surface materials that relate to the physiwatld. Thes factor can be a metric of
“trustability”, given the max number of scans tlah be performed in a certain time frame
and the actual scans perceived.

Thus, the radius outputted from that function, comes with an ad@er r. which
increases as increases as well (the further away the deviceoissiclered to be from the
scanner, the lowest the credibility of the readifd)e above function can be formulated as:

f(RSSI,env,s) =rzx le

If the device is detected by 3 scanners, a posifdhe device can be estimated. Each scanner
forms a “ring” of possible location area of the wev The intersection of 3 of those rings is
enough to define an area that is accurate enoughdacurrent project to localize a person in
a sub-division of a room (see Figure 20).

ey Ny

—

Fig. 20. Trilateration with error in radii includefbr each scanner (S1,52,S3).
The blue area is the most probable location ofdéeice.
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Multilateration is similar to trilateration but it uses more thafixed points (see Figure 21).
The multiple areas that are formed in this case beagssessed by a factor of “potentiality”
that takes into account tisdactor from previously and the number of scanmetbe area, in
relation to how many of them actually detected tlewice. By calculating this, a most
probable area can be found to localize the device.

Fig. 21. Multilateration

c¢) Triangulation (forward intersection)

Triangulation is a well-known method using fixedimie of known positions to calculate a
third point’s position. In forward intersection,skead of using angles which is the usual
method for triangulation, a calculated distancased. Therefore, for this method, a function
similar to the one described for trilateration abman be used, that accurately describes a
triangle for every pair of scanners and unknowniaelocation. Making this assumption of
calculating distance, the position can be deterchimethe procedure that follows.

In more detail, for a triangle ABP (see Figure p2)nt A and point B are fixed points
with known coordinates. The lengths of its thresesiare respectively a, b ancdh@andp are
respectively the angle between sides b and ¢ andrtple between side a and c. Point P is the
unknown point whose location we would like to know.

Y

p(x,,5,)

(X, ¥p)

P
L

Fig.22. Triangle ABP

Then the coordinates of point P can be calculatedrding to the equations below.
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_ xgcot LB + xgcot LA— (y4 — ¥p)

Y = cot LA + cot B @©
_ yacotZB + ygcotLA — (x, — xp) @
Yo = cot£A + cot 2B

If we draw a perpendicular line h through pointopstde c, side ¢ would be divided iritp
anda, (see Figure 23).

iz, 3,)

Fig. 23. Triangle ABP

Then
b, a,

cotzA4 = F cotZB = 7

Take them back into equatiofi® and(2), following equations then are obtained:
_aixy + bixg — h(y, — yp)

P a, + by
_ a1Ya + by + h(x4 — xp)
p a, + by
2 2_2 2 2_pn2
Whereb; = "%, a, === h = [a? —a? = /b — b?

For 2 known points and distances, 2 possible prsitmay exist for the unknown point.

If more than 2 known positions exist, triangulatitor each pair of points can be
performed, thus a number of calculated points Herunknown are found. if is the number
of known points, the number of possible positions the unknown complies with the
formula:

N =n (n-1)

In example (Figure 24), if 3 points (scanners in case) are known and distances from
each of them have been calculated, 6 possibleigosiexist for the unknown point given a
margin of error. In order to find the position thust fits, all possible combinations of those
positions are consideredN(2= 2 = 2* = 8). By calculating the standard deviations, st be
possible answer can be chosen.
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Fig. 24. Triangulation with 3 known points

- Accuracy Analysis

According to error propagation, the error of thécome of a function can be estimated by the
error of its inputs. In this case, the lengths cdral b are the inputs that are going to be
measured by us based on the received RSSIs andotiidinates of point P is the final

outcome. Therefore,

Whereé, andd, denote respectively the error of input a andxgdenotes the error of x
coordinate of point F?Sypdenotes the error of y coordinate of poinépPdenotes P’s overall

point position error.
If 5, andd, are assumed to be equal, 8g.= 6, = §, then

ax,\* 9x,\ ]
2 _|(Z2p _r
6xp_[<6a> +<6b> J

W\*, ()]
da db

2 _
8y, =

da db ct 4 A,
0y, 2 0y, 2 q%4p? (x4 — x5)? A,
(a) + (E =—7  a—yp)+ on,

(x4 — x5) (V4 — ¥5)A3

Zc‘*\/A_1

+ (x4 — x5)(Ya — ¥B)A4

2c4\/A_1
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And
A= —a* — b* — ¢* + 2a®b? + 2a®c? + 2b*c?

_1 6A12 6A12_6 6 2322 4 212Y( 2 2 2( 4 4

A2_16 (aa) +(6b> =a®+ b°®+ 4a°bc® + (¢* —a*b*)(a* + b*) — 2c“(a* + b*)
04, 04, 2 2 2\ (2 2

A3——3Aa—a+l;Aa—b—4(a +b —C)(Cl —b)

gL TP Aat £ bt — 202h2 — g2p2 — 22

Ay a6a+b6b 4(a* + b* — 2a°b* — a“c* — b*c*)

A simple example is shown in Figure 25. Ju °
for the convenience of calculation, the trianc X
is assumed to be equilateral and its kno
side ¢ on the bisector of the angle betweel

and y axes.

Thus
c

XA —Xp=Ya—JVnB NG
Besides, the error of the measured distance
assumed to be constant and not to chang
with the distance. Then, the table below is
derived showing in this case how the error «
the measured distance affects the final poit Y
position accuracy.

Fig. 25. Example error calculation

5(m) 82 (m) 82 (m) 5p(m?)

0.1 0.1154700538380.157735026919 0.195483175876
0.5 0.57735026919| 0.788675134599%977415879379

1 1.15470053838| 1.57735026919 1.954831758762
2 2.30940107676| 3.15470053838 3.90966351751
3 3.46410161514| 4.73205080757 5.86449527627
4 4.61880215352| 6.30940107676 7.81932703503
6 6.92820323028| 9.46410161514 11.7289905525
8 9.23760430703| 12.6188021535 15.6386540701
10 11.5470053838| 15.7735026919 19.5483175876
15 17.3205080757| 23.6602540378 29.3224763814
20 23.0940107676| 31.5470053838 39.0966351751
30 34.6410161514| 47.3205080797 58.6449527627

Table 1. Point position accuracy resulted frometéht error of measured distance
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d) Wi-Fi Fingerprinting

The process of Wi-Fi fingerprinting consists of tyhases: the training phase and the
matching phase. On the training phase, the givea & divided by a grid into many small
cells, the size of which is decided by how big #nea is and how accurate the localization is
required for certain application. Each cell in thebas a unique profile of Received Signal
Strength Indicator (RSSI) of the Wi-Fi access mifAPs) (see Figure 26), which depends
very much on the specific placement of the APs el as the in-situ environment. Thus, a
training database of these profiles at every cefids to be established in advance to create
heatmaps for each APs. However, collecting datvety cell is excessively time-consuming
and this is where the interpolation of a few sangplpoints reasonably selected from the grid
shall be introduced.

-80
70
-60
50
-40
-30

dBm Signal strength =

1 2 3 4 5

Access points =

Fig. 26. Example of fingerprints: the blue, oraraged green columns respectively indicate
the fingerprints at three different locations. Téare five RSSI values received from five
access points in the fingerprint of each locatiBach of these fingerprints presents a unique
characteristic different from that of the others.

Then, live RSSIs can be compared with the fingatprin the heatmaps using certain
matching algorithm to find the best match with d¢tsordinates (x, y) in a pre-set reference
system. There are two matching methods used mosnoaly.

One is the least sum of squares, which is alsedallearest Neighbor. This method sums all
squared differences between live signal strength wacorded signal strength per location
and location with the least sum of squared diffeesnthen is assumed to be the actual
location.

n
MIN Z(Ri — FP))?
i=1

The other, counting within a search space, defanegtching range for each AP using a pre-
set deviatiord allowed for the signal strength. If recorded sigstrength ig"P;, a match is
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achieved when the live signal stren@this within [FP; — §, FP; + §]. Location with the most
matches is assumed to be the most likely locager Figure 27).

Recorded fingerprint 1 T1 T2
~ -80 D -80 -80
T -70 70 -70
g -60 60 60
—"é -50 = -50 -50
2 40 -40 -40
E 30| |« -30 -30
h 12345 12345 1 2 8345

Access points 2
Fig.27. Example counting within a search spaceheaicthe RSSI values received from the
five different access points in this recorded fipgiet defiens a green bucket indicating the
range, within which a live RSSI value will be cdesed a match. In this case, T1 has two
matches, while T2 has three matches.

6.3.7 Pros and Cons of Localization Methodologies
In the previous section 4 different localizationthuels was described that can be assumed for
the study case. These methods are considerablgreatitf in approach especially for the
application that is the goal of this project ané @ccuracy of positioning that the system
would try to achieve. To make a choice of one oo tof these methods a number of
advantages and disadvantages can be listed dovich atte summarized in the table below.

Methodology Advantages Disadvantages

Area Rings + simplicity —| great errors
+| assumes an easy to use model requires a testing phase
+| deterministic —| needs a geometry database
+| can be applied in different | —| error calculation is dubious

environments

Tri-/Multi- +| can be the most precise —| difficult to formulate
Lateration +| best-described model —| requires geometry intersections
+| takes into account factors that-| dependent on a good space
diminish the accuracy subdivision
Triangulation +| easy to script —| assumes a perfect-case scenario|of
(FI) +| mathematical solution known distances

+| no need for extra information —| computationally costly
storage on the database

Wi-Fi +| Precise and close to real —| Time-consuming to collect data
Fingerprinting distribution of values —| Non-flexible: Changes depending
+| Can be updated by user input | on scanner layout

+| Field-values: grid granularityl —| Input data quality needs to be
is defined by the applicationls | guaranteed

purpose

Table 2. Pros and cons of localization methodolsgie
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6.4. NAVIGATION

6.4.1 Grid and network approach
All applications need space subdivisions to be ableddress the destination point in the best
possible way (Zlatanova et al., 2014). Many différapproaches to subdivide the space exist
and below the two main groups of approaches areusk®es in detail: the grid and the
network.
- In grid approachesthe environment is subdivided into cells that bave the same
shape and size (regular) (see Figure 28) or thatldter in shape and size (irregular).

R L I (1 RS, Yom e BeSseRt . g1 L1  ageges
A JL 1178 By n:
i b oyl UL R S AR
22 e e 8 I BN RS B | QO S awawa=Cwad) RCREY: j-{ 0z 1 ?E

Fig. 28. Square and hexagon'sUbﬁd'ivisibh (Afybuai éorlé)'.' '

In this approach a partition that covers the ergpace is created, allowing very precise
movement in the space. However, the accuracy ef rtfethod strictly depends on the cell
size: in fact, if the grid is too coarse, importarfbrmation might be lost, while if it is too fine
it consumes a large amount of memory and processer(Zlatanova et al., 2014) (examples
shown in Figure 29).

Fig.29. Regular grid space subdivision of ‘De Rattan’ building (2x2m on the left and
1x1m on the right).

- In network approaches topological-based structures are used to descitige
connectivity and the adjacency of the differenttigphainits. In graph-based models the
indoor space is represented as a graph where modésl predefined locations and
edges stand for the connectors (Afyouni et al. 2201
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Fig. 30. 3D Geometric Network from 3D Topologicalt® Structure (Meijers, Zlatanova
and Pfeifer).

The network can be designed manually or using aoMur diagram, Medial Axis
Transformation, Poincaré Duality and visibility ghaor a combination of them (Zlatanova et
al., 2014). Poincaré Duality is often used to sifypthe complex spatial relationships,
mapping 3D solid objects in primal space, e.g. reamthin a building, to vertices in dual
space. As it is shown in Figure 31, the common aBefshared by two solid objects is
transformed into an edge (1D) linking two verticdesdual space. Thus, edges of the dual
graph represent adjacency and connectivity relghigs which may correspond to doors,
windows, or hatches between rooms in primal space.

2
1 2 3 1 3
42 =0 4% / -jiqu—‘iJ* — 40§/}\0
W W 4m 6 5 /_/_/Cs
6

Fig. 31. Example for the partitioning of buildingterior into rooms and its representation in
dual space.

The table below summarizes the pros and cons dfagril network approaches.

Grid model Network model
PROS: PROS:
e Easy to build, represent and mainta * Used for path finding applications
» Accurate location description * Based on Poincare duality
» High flexibility on granularity (volume->node, surface->edge)
* Mainly used to represent contin * Information about obstacles
phenomena * Mainly used for human navigation

e Used for robot navigation and game » Efficient because it is more compact
e Suitable for computation and fq * Good representation of connectivity

tracking
CONS: CONS:
» [Excessive amount of memory a « The location description can be
processor time in large spaces inaccurate, if the network is very
» The size of the grid is critical: a tg simple or course

fine grid is computational expensiv
a too coarse grid causes loss
information

Table 3. Pros and cons of grid and network spatelsision models.
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6.4.2 The network
According to Worboys and Duckham (2004), “A graplisG@lefined as a finite non-empty set
of nodes, together with a set of unordered pairdistinct nodes (called edges)”. In other
words, a graph describes the locations of nodegstadinterconnectivity. Different ways of
storing a network graph are available, namely ajadaehcy matrix, a set of labelled edges or
an adjacency list. An example is shown below.

Fig.32. Example graph

The Adjacency matrix (see Figure 33) makes all dmtsily accessible for computational
efficiency but is verbose. The adjacency list (Bggire 34) is more compact, but also enables
easy computation for specific nodes. Finally thieaddabelled edges (see Figure 35) uses the
minimum amount of storage, but it is not as effitieto compute with.

3 b < d e f a (b,12),(c,5) {{ab,12), (ac,5), (bd,8), (cd,13),
a 12 5 b (3,12),(e,8) (ce,7), (cf,9),(df,6),(ef,8)}
- =N - c (3,5),(d.7),(e,13)
c 0 13 7 S :
d 8 13 0 6 d (b,8),(c,13),(f.6)
e 7 0 6 e (c,7),(£,8)
f 5 8 0 f (d.8),(e,6)
Fig. 33. Adjacency matrix Fig. 34. Adjacelist Fig.35. Set of labelled edges

6.4.3 Path finding
Once the network is generated, a route comput&ioreded from the user's position towards the
target position. When both positions have been iapgh to a certain node, a computation of the
shortest path between these nodes can be perfollthediser's position will then be defined as a
start node and the target's position will be defias the end node. A path finding algorithm will
search for adjacent nodes around the start nodié thenend node has been found. The outcome
of the path finding algorithm is a series of nodekich connect the start node to the end node,
with the shortest weight (in our case distance¥ides.
Different path finding algorithms exist, varying oamplexity and computational efficiency, each
more suitable for a certain application. Since atistg point is already known, single source
shortest paths algorithms are considered for ahteigand undirected graph. In our case the
graph is undirected because any movement througimeéhwork can be done in both directions.
The two most common path finding algorithm for tbé&se are Dijkstra and A*. These algorithms
will be described below.

- The Dijkstra algorithm searches through adjacediespbased on a priority queue which
extracts the nodes with a minimum weight (distarfoe)n the source. This means that
equal amounts of nodes are visited in all directjiemtil the end node has been found.
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- The A* algorithm is based on a goal directed grapkersal strategy. This means it is
searching in the direction of the target node. Téiachieved by visiting nodes with the
minimal sum of distance to the source node ance#fienated distance to the target node
(see Figure 36).

Fig. 36. Visualization of Dijkstra and A* algorithpathfinding on grid

6.4.4 IndoorGML data model
As for the Space Subdivision component, the stahdiadoorGML has been taken as a
reference for implementing the navigation componémtthis case, the IndoorGML data
model has been considered, with its core moduletamatic extension modules.
A SpacelLayer is an important component of the ocasdule that represents each space layer,
such as topography, sensor, security space, etadborGML SpacelLayer aggregates State
and Transition (example in Figure 37):

- State represents a node in dual space, which casdwoeiated with a room, corridor,
door, etc. within a building of the primal spaddsirepresented geometrically as Point
in IndoorGML.

- Transition is an edge that represents the adjacencgnnectivity relationships among
nodes. Transition always connects two States.

r r2 r3
- — Stiate
_ " Transition
L 4 v v
rd (4] rG

Fig.37. Example of Topographic SpacelLayer. (Souts&C IndoorGML, 2014)

An important thematic module considered in modglline space of ‘De Rotterdam" building
is the IndoorGML Navigation Module, which specifiesdetail the generic concepts of the
core module, in the context of indoor navigatiomcérding to this module, indoor space is
represented by two classes:
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The NavigableSpace class, which denotes a spags oaa move freely in (e.g.
compartmentalized spaces such as corridor, lobéljuéry, big room). The class has
two subclasses GeneralSpace and TransferSpaceasuwebms, terraces, lobbies).
The NonNavigableSpace class, which represents plaeesthat is occupied by
obstacles.

Gate AnchorSpace
or
AnchorBoundary

Stair »TransitionSpace

Hallway=>TransitionSpace

Door 2ConnectionSpace
or
ConnectionBoundary

Fig. 38. Indoor space mapped to IndoorGML Navigatmodule classes.
(Source: OGC IndoorGML, 2014)
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7. The Libelium Meshlium Xtreme Scanners

7.1. INFORMATION ABOUT THE SCANNERS

The hardware used in this project consists of 4liiln Meshlium Xtreme Scanners, which
are multiprotocol router for wireless sensor neksorThe Meshlium Xtreme Scanner is
designed by Libelium to connect ZigBee, Wifi andu@®both sensors to the Internet through
3G connectivity (Meshlium Xtreme datasheet v. 2(B.4).

et | 2= wi )
L = ' Q o™
~_ & !

I ¥

G aoe 3

Fig.39. The Libelium Meshlium Xtreme Scanner (Sauildbelium)

The Meshlium Xtreme can function as:
* aZigBee to Ethernet router for Waspmote nodes
* aZigBee to 3G/GPRS router for Waspmote nodes
* a Wi-Fi Access Point
* a Wi-Fi Mesh node (dual band 2.4GHz-5GHz)
* a Wi-Fi to 3G/GPRS router
* a Bluetooth scanner and analyzer
* a GPS-3G/GPRS realtime tracker
* a Smartphone scanner (detects iPhone and Andreidesg

In this project Meshlium Xtreme has been used ad$iVdcanner in order to detect
smarthphone devices. Each scanner has four ante@mly one antenna is needed for
monitoring the Wi-Fi signal. Another antenna canused for Bluetooth and the other two
antenna’s are for setting up the scanner as arsaqmant, so the scanner can be used as a
router. For this project just one antenna is negbletlactually three of them are used instead.
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Fig.40. Conceptual schema of the working of a seaf@ource Libelium)

The data received by the Meshlium always contains:
- The MAC address of the wireless interface, whidbved unique identification

The strength of the signal (RSSI), which may gimeralication of distance to the
scanning point.

The vendor of the smartphone (Apple, Nokia, etc.)

The TimeStamp, which indicates the date and tireadtita was collected

The collected data can be either stored localltherMeshlium or stored in an external
database.

— -
-
LOCAL STORAGE bk Local Data Base

INSIDE MESHLIUM —> | mvysay)
) —

L8 J
| ||
.

= > 2 Storage Options
| | ® 3
S ~= External Data Base
N & wa—— — e port
b

MJ (MysQL)

-

7\

-
<

—

Fig.41. Ways to store the gathered data (Sourk@elium)
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A Meshlium comes with the Manager System, an opemce web application which allows
to control quickly and easily the WiFi, ZigBee, Btooth and GPRS configurations along
with the database storage options of the sensarrdaeived (Meshlium Xtreme datasheet v.
4.3, 2014).

\
Meshlium Manager System ) Meshlium Zigboe Mesh 3G AP mesnium : (@ Restart
The open source router web manage: y N‘-tll-ml. ,(D,sn wown |

EEENEEDEEN ...

Presets

Fig.42. Manager System (soutcéibelium)

7.2. TESTING WITH THE SCANNERS IN THE FACULTY OF ARHITECTURE

The team performed several tests with the four ILibe Meshlium Xtreme scanners in the
faculty of Architecture. The tests were held inatpf the West wing on the second floor
(Figure 43).

Fig. 43. Testing area in red

This environment was chosen because the spacemitarsito the environment of 'De
Rotterdam’. The space consists of open spacesfigghworkspaces and small rooms made of
glass and thin walls as seen in the figures beldvws can be compared to the environment of
‘De Rotterdam’.
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Fig. 44. Testin environment

In this section of the second floor, the testingliffierent parameters on the Wi-Fi monitoring
could be done, which resulted in 3 tests. The diffeparameters to find out by testing were:

- The range of scanning of a Wi-Fi monitor
- The influence of obstacles on the signal strength
- To distinguish areas based on signal strengths

For the testing procedure all available hardware wat into use. 4 Meshlium Xtreme
(libelium®) devices were used and 2 Samsung Smainigh (see Figure 45).

Fig.45. Materials used during the tests

To keep all tests consistent, a few things wererntakto consideration:

- The scanners and the phones were time synchronized

- The scanners were all set on a scanning time mtef30 seconds

- The scanners were set to connect to an exterrabalse where all data was sent to

- The phones were in active mode during testing

- The phones were not connected to a network

- Atleast 2 phones were of the same brand and the sgpe

- Measuring was done in a straight line, at differpaints on the same distance
from each other

- The team performed logged tests which provide gneund truth” for the data. By
analyzing this data in comparison to the logs eftdsts, the localization precision
and applicability can be tested.
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Fig. 46. Test set- up

For the first two tests, only one scanner was uSedtest one the scanner was placed in open
space, for test two the scanner was placed inss gtem (see Figure 47 and 48).

Fig. 48. Scanner set- up test 2
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For the third test, all the scanners were usedpdaxckd only in the orange and green parts.
Three of the scanner far away and at great angles éach other and one scanner was placed
close to another, so as to explore the scanneattien (see Figure 49).
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Fig. 49. Scanner set- up test 3

7.2.1.THE INFLUENCE OF DIFFERENT BRANDS OF PHONES

First it was tested if all brands and types of @®were scanned by the scanner, by checking
in the database how many times the team’s own phomee scanned. What was observed
was that iPhones were much less scanned than Ahghaines. A conclusion was made that
iPhones were not suitable for testing (at leasttm®tones in this disposal), thus only Android

phones were used. Since the client requested aro@napplication, this was not considered
as a problem.

7.2.2.TEST1: RANGE OF SCANNING OF ONBNI-FI MONITOR

The first test was done to check the range of arsato see how the signal strength
attenuates over distance in an open space. Althdughieceived signal strength (RSSI) is
dependent on many user-side factors such as ftibee is in stand-by mode, if the phone is
in a pocket or held in hand etc., these factorewet taken into account as they lie with the
user’s usability on which the team cannot intervertaus, the tests performed assumed that
the phone is placed on a table free of the humatorfain order to test how the RSSI
decreased in the set environment. The scanner lesdoin open space, the test was done in
two different directions (blue and purple), facedhg from the scanner (see the Appendix).
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Test 1- Phone 1
5 min. time interval
AVG 5 m distance between points
RSSI ®
30.0
333 * S .
25.0 277 ! |
200 ——*—& ¢
20.6 . 1210
15.0 198 202> g7
1
10.0 : E @ Phone 1
5.0 Sy
0.0 T T T T T T 1 Measured
0 1 2 3 4 5 6 7 )
Points

Graph 1. Result test 1

In the graph for the blue direction (Graph 1) carsben that in open space (point 1 till 3), the
RSSI decreases significantly, but when obstaclegpegsent, such as rooms/ glass walls the
decreasing of the signal gets less (see point @)tiThis can be due to multipath.

Test 1- Phone 2
AVG 5. min time interval-
RSSI 5 m distance between points
50.0
[ ]
40.0 46.89 n
30,0 39.67
' - ] g
20.0 2900 5656 - W WPhone2
2400 h160  21.89;
10.0 !
0.0 : : . . . . Measured
0 1 2 3 4 5 6 7 Points

Graph 2. Result test 1

The purple path went mostly through open spacéraph 2 it can be seen that the signal
strength gets stable around point 6. Expectedasttie signal strength get stable around a
certain distance. To answer the test question, whtte range of the scanner, can be seen
from the graphs that the range depends on theamgnt. To give some sort of indication
from the test, the range is around 20 m, sinceyepeint is 5 m from each other and after 4
points the signal gets stable.
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7.2.3.TEST2: THE INFLUENCE OF OBJECTS

The second test was made with the purpose to araltyrinotice the influence of (thin) walls/
brick/ glass/ open or closed doors on the sigmahgth. This time a scanner was placed in a
glass room.

Test 2- & Phone 2
AVG RSS| varying time interval
5 m distance between points
40.0 5b.b 34.9
u [ ]
300 28.1
. Q 0 .
29.40
27.20 * 21.40 179 19.00
20.0 24 .60 ﬁ . P
20.1
18.00 u @ Phone 1
10.0 13-7 7.0
m WNPhone?2
0.0 . T T . . . ¢ Measured
0 1 2 3 4 5 6 7 Points

Graph 3. Result test 2

In the graph (Graph 3) it can be seen that, whilagithe same type and brand of smartphone,
the RSSI values still fluctuate significantly. Adrse points the RSSI varies at most 7 dBm.
This means that the signal strength as measurddebscanner for a smartphone is different,
even though the measurements were at the samespdiot answer the question, in
comparison to the first test, can be seen thaintheence of a material has a significant effect
on the (fluctuation of) the signal strength. Whéwere are a lot of obstacles around, the
scanner detects a lot of variation between theasigtrengths. When there is open space,
phones fluctuate much less as visible in the restt t

7.2.4.TEST3: CAN AREAS BE DISTINGUISHED BASED ON SIGNAL STRENGT?

For the third test, all the four scanners wereqiaa the testing environment, to see how well
the phones were measured by each scanner and kosigtimls were interfering with each
other. This to see if RSSI can be a viable measuoeder to distinguish in which subdivision
the scanned device belongs to. This test is ofdnighportance, because the results could be
checked and an approximation of the accuracy ofdteization can be conceived. The same
test was done three times (three cycles).
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Scanner 553

Test 3- Phone 1 & Phone 2
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AVG RSSl for 3 5 m distance between points

cycles
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Graph 4. Result test 3

» [ ] M Phone 2

For each scanner, the AVG RSSI over all 3 cyclesllgioints is depicted in a result graph.
The signal strength is decreasing, the further afsay the scanner the points lie, as was
expected. The graphs for the other three scanrmtsap the same results. In Graph 4 it
appears that the fluctuation of the signals ismaoth, but that can be explained because the
fluctuation is averaged out.

Test 3- Phone 1, Measured by 4 scanners
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5.0 o Q
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Graph 5. Result test 3

The graph above (Graph 6) gives an indication off lome phone is perceived by all the
scanners (averaged over the three cycles) at @aeny. This graph compared to the floorplan
gives an indication of the signal strength per stibihn (see Figure 50) and can be used for a
very simple deterministic approach for determiningvhich subdivision a person could be.
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The distance between scanner309 and scanner @r8oiably a bit too small, that is why the
lines in the graph are so close to each otherirgJabe scanners further apart, will probably
result in a more clear idea where a person coulddsged.

\ 4

SCANNERS553

gg(D@@@@@W@

SCANNERGEY

15

SCANNER121]
oy, ] QD

Fig. 50. Space subdivision

7.3. TESTING IN ‘DE ROTTERDAM’

After having tested the scanners in the facultjmhitecture, several tests were performed in
‘De Rotterdam’ building, in order to collect thetddhat will be used in the implementation of
the’Catch-a-colleague’application. The tests weslel in the 18 floor of the building, where
the environment consists mainly of open spaces fnethworkspaces and small rooms made
of glass and thin walls (see pictures in Figure 51)
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Fig.51. Interior of the 18 floor of ‘De Rotterdam’ building

In total 4 different tests were carried out witffelient scanner set-up.
In order to keep all tests consistent, a few thingee taken into consideration:

- 4 Meshlium Xtreme and 3 Samsung Smartphones wdieedtfor the all four

tests

- The scanners and the phones were time synchronized

- The scanners were all set on a scanning time atef30 seconds

- The data was collected in each point for a timerirgl of 5 minutes

- The data was stored locally on the Meshlium

- The phones were in active mode during testing
For the first 3 tests 22 testing points were messuwhile for test 4 only 12 points were
tested. The choice of the testing points was basettie environment, in order to test in areas
with different characteristics: in the corridor®ift 3 till point 14), in the open spaces (point
1, 15 and 16) and in the rooms (from point 17 2#). The testing points were equally
distributed among the whole floorplan and placed atistance fairly constant from each
other, especially for the points along the corrsddtach test will be described in detail in the
following paragraphs.

7.3.1TEST1

In the first test the scanners were placed in gggate at the corners of the building, as far
away as possible and at great angles from eachr atherder to explore the scanners
interaction (see Figure 52 and 53).

i

Fig.52. Scanner placement test 1

63
Synthesis Project De Rotterdam 2014:
Matilde Oliveti| Godelief Abhilakh Missier| Damidiulder| Dimitris Zervakis| Haoxiang Wu



@16 £\553
@15
[
7 @19 @20
@21
@4 @3 @12
@922
@17
@3 @2 @9 @10 o1
@18
309
@1
At21

Fig.53. Set- up test 1

This test was performed twice and in the end al data collected was combined and the
average RSSI was computed. The results are shotke graph below.
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Graph 6. Results test 1
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The graph gives an indication on how the three phoare perceived by all the scanners
(averaged over the two cycles) at every point. émegal, the values measured with this
scanner set-up may give an indication of the sigtrahgth per subdivision, in which a person
could be located. However, in some points (1, 407,12, 14, 15, 16, 21 and 22) only two
scanners were visible and for this reason somdizatian methods like trilateration can
hardly be implemented with this scanner layoutceiat least three scanner needs to be
visible. For some points, the phones were scannbadfew times within the time interval and
therefore the AVG RSSI measured should not be densil as reliable. For this reason, the
AVG RSSI values of the points that were scannesl tlegn 10 times in the 5 minutes interval
were considered to be zero.

Moreover, it may also be interesting to see thetflation between the values according to the
different three phones, which are of the same e brand. In the graph below the AVG
RSSI values for scanner 678 for each phone aresepted.

50
45 -
40 -
35 4

—&— Phone 1
—&— Phone 2
Phone 3

AVG RSSI

123 4567 8 91011121314151617 18192021 22

Measured Points

Graph 7. AVG RSSI values for scanner 678

7.3.2.TEST?2

For the second test the scanners were placed nhosér ¢o each other, at the corners of the
central concrete block. The same 22 points thaeweed in test 1 were measured here (see
Figure 54 and 55).
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Fig.54. Scanner placement test 2
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Fig.55. Set-up test 2

Also for this test, two cycles were performed. Biverage result of the two cycles can be seen
in the following graph which shows the AVG RSSI m@e@d at each point for the four
different scanners. It is important to notice tivatthis case for each point at least three
scanners were always visible and this means tigstianner layout may be more suitable for
localization methods like trilateration.
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Graph 8. Results test 2

Another aspect to take into consideration is thelmer of times the phones are scanned at
each point. Since the scanning rate is 30 secamdish@ data is collected in each point for a
time interval of 5 minutes, in total for all theréle phones there should be 30 scans (10 for
each phones). However, from the graph below ithmseen that not for all the 22 points the
scanning count is 30; for some points the numbecahs is rather low for a specific scanner.

35

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Measured Points

=—#—5Scanner121 =—#—Scanner309 ~—4—5Scanner553 =—#—Scanner&78

Graph 9. The number of times a scanner has sedhtée phones during test 2

7.3.3TEST3

In test 3 each of the scanners was placed on deeo$ithe central concrete block and two of
the scanners were placed inside two rooms (scab®&rand scanner 553) in order to
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empirically notice the influence of walls on thgrsal strength. Also in this case the same 22
points were measured but the test was only prefdmwnee (see Figure 56 and 57).

Fig.56. Scanner placement test 3
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Fig.57. Set-up test 3

The result of the test are summarized in the ghagbw, which shows the influence of walls
in attenuating the signal strength. For instano&t@1 and 22 are at the same distance from
the scanner 553, but point 21 has a lower AVG R&#kle than point 22 probably because of
the presence of a wall between it and the scaMereover, it is important to notice that
scanner 121 and 553 that were placed in the rooensat visible from a lot of points and this
may be related to the signal attenuation due t@tbsence of walls and obstacles.
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Graph 10. Results test 3

7.3.4TESTA4

In test 4 only half of the floor plan was consiak@nd the four scanners were placed and
closer to each other. This set up was used toftegth more scanners could possible result in

a higher accuracy. For the project only four scammeere used, but potentially more scanners
could be placed in one floor. In this case the R8& measured only in 12 points, which

were also used in the previous tests (see Figuen8&9).

Fig.58. Scanner placement test 4
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Fig.59. Set-up test 4

The following graph shows the result of the testgéneral, it can be seen that for almost all
the points all the four scanners are visible. HaveYor some points pretty similar values
were measured and this may be a problem for thedolocalization of a person in an area

rather than another.
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Graph 11. Results test 4
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8. System Engineering

This chapter describes all the used software amid.to

8.1. SOFTWARE USED

For all the components whereof the prototype exastkerent software and tools have been
utilized. However, almost for all components, thgh®n programming language has been
utilized, as well as a GIS software and the daeb&gSQL workbench. In the table below,
all the tools that have been used for each compg@rersummarized.

Components Tools

Intuitive Subdivision

* AutoCAD software

» GIS software
Space Automatic Subdivision

Subdivision * GIS software

» Triangle Shewchuk software (Constrained
Delaunay Triangulation)

» Python libraries PyShape and Shapely

Multi-lateration

* GIS software

* Python libraries MySQLdDb, Fiona,

Shapely
*  MySQL workbench
Localization Fingerprinting

* GIS software

» Python library Scipy (scipy.interpolate.Rpf
method)

*  MySQL workbench

Manual Network

e GIS software

Semi-Automatic & Automatic Network

Navigation * GIS software
« Python library Pyshape and Shapely
Path-finding
» Python libraries (Dijkstra algorithm)
Application
* Eclipse
Visualization *  MySQL workbench
« PHP
» Unity3D

Table 4: Compenents and tools used to create thiype

The following chapters describe the implementatidnthe different components and the
integration in a technical manner. The decisioningland analysis are described as well as
the end results.
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9. Space subdivision

An important component of the ‘Catch-a-Colleagugplacation is the space subdivision of
indoor space, which is fundamental for correctlydgqwg an employee to the location of
another colleague but also for testing the loctbnaalgorithm. Since the indoor environment
can be very complex, different aspects have toaken into account while modelling and
subdividing indoor space, such as obstacles likatiure, columns and walls.

9.1. IMPLEMENTATION

In order to subdivide the space in 'De Rotterdamildmg, two different implementations
were carried out by the team: the intuitive spaubds/ision and the automatic space
subdivision, which is based on the Multi- Layergga& Model from IndoorGML. Each of
them will be explained in detail in the next paeggrs.

For the distribution of the space a few requirersevdre set-up by the team:

The subdivisions should:

- all have the same size

- consists of around eight subdivisions (based oroitedization accuracy)

- Not distinguish between rooms/ open space. A sididivcan consists of either open
space, rooms or both

- The same subidivion for each floor (the floorstall/e approximately the same layout,
thus the same subdivision can be used for all $loor

9.1.1 Intuitive space subdivision
The intuitive space subdivision is based on sulddig the space in a human-understandable
way, considering the characteristics of the buddfobstacles, rooms, etc.), visibility criteria
(e.g. line of sight) and the usage of space (wasp). Altough this solution might lead to a
better human-understandable result, it is quitel barbe implemented in an automatic way,
since the environment must be modelled accuratelyedl, which is time-consuming.
The subdivision was made from different region€/&D software and then converting them
into the Shapefile format using GIS softwaBefore performing this operation, the original
floor plan provided by the Municipality of Rottemdahas been changed: the geometry was
simplified and semantics information was attaclethe geometric components. Each entity
has an ID and information about the geometric dgta (e.g. polyline), the type of object
(e.g. inner_walls, interior, inner_facade, concretalls) and the color (see figure 60).

The two holes that can be seen in figure 61, ctssib the concrete core where the
elevators and stairs are. Since the localizationotsthat accurate too be localized in the
concrete core, holes are made of these two subspace
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Table
-5 O x

Export_Output.tbe

FID | FID Entity Layer Color | Line Elevation LineWt | RefName
¥ | 328 0| LWPolyline | 14_Concretelalls 3 | Continuous 0 25
324 0 | LWPolyline | 14_InnerFacade 2 | Centinuous 0 25
| 358 0 | LWPolylineg | 14_InneriWalls 1| Continuous 0 25
409 0 | LWPolyline | 14 ConcreteWalls 3 | Continuous 0 25
412 0 | LWPolyline | 14 ConcreteWalls 3 | Continuous 0 25
415 0 | LWPolyline | 14 ConcreteWalls 3 | Continuous 0 25
515 0 | LWPolyline | 14_Interior & | Centinuous 0 25
542 0 | LWPolyline | 14_Interior & | Centinuous 0 25
547 0 | LWPolyline | 14_Interior & | Centinuous 0 25
| S82 0 | LWPolyline | Outline & | Continuous 0 25
| | 553 0 | LWPolyline | Outline & | Continuous 0 25
| 554 0 | LWPolyline | Outline & | Continuous 0 25
| | 555 0 | LWPolyline | Outline & | Continuous 0 25
| | 556 0 | LWPolyline | Outline & | Continuous 0 25
| 557 0 | LWPolyline | Outline & | Continuous 0 25
| | 558 0 | LWPolyline | Outline & | Continuous 0 25
| 558 0 | LWPolyline | Outline & | Continuous 0 25
| | 580 0 | LWPolyline | Outline & | Continuous 0 25

Fig.60. Attribute table "De Rotterdam’ floor plaitlwsemantics information.

Fig. 61. Floor plan simplification.

The intuitive space subdivision is based on theediht workspaces that can be distinguished
in the floor plan. If you look at the floor plarhet space per floor seems to be very big and
maybe confusing. But when walking there, the sig@esans smaller and it already seems to be
very logically divided into several workspaces (pexures in Figure 62).
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Fig. 62. Several workspaces on th' fi®or

These workspaces were the input for the intuitpace subdivision. In the end eight different
subspaces were created (see Figure 63 below).

Fig. 63. Intuitive space subdivision.

An advantage of the intuitive space subdivisiotha it is easy to understand and looks very
logical. However, the operation of drawing a spaocédivision manually might be time
consuming, especially if the space has to be mgnsabdivided for all the floors (which is
not the case for ‘De Rotterdam’ building, since flaors are about the same). Another
disadvantage is that by manually dividing the spdbere lies a possibility that invalid
polygons are made. This can give difficulties ie tiext steps for deriving the network. An
automatic way of subdividing the space has theeefdso been tested and will be described in
the next paragraph.
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9.1.2 Automatic space subdivision
In order to automatically subdivide the floor plain' De Rotterdam" building, the open space
needs to be divided. This can be done by performirtgangulation on the open space, or
dividing the space in a grid ir a grid or using tharonoi Diagram for example. Triangulation
was chosen, because the team has experience wfithnpieg a triangulation.
The Constrained Delaunay Triangulation has beenedaout to decompose the polygon of
the floor plan into triangles forming a planar gah. The Constrained Delaunay
Triangulation is one of the most suitable methaatssiurface approximation because it has
several advantages over other triangulation methods

- The triangles are as equi-angular as possible kindystriangles are avoided
- Ensures that any point on the surface is as clog®ssible to a node
- The triangulation is independent of the order tbm{s are processed

To perform the Constrained Delaunay Triangulatithie, Triangle software package, which
computes high-quality unstructured triangular meshes utilized. In addition, Pyshape and
Shapely, Python libraries were used to script tgeram. The figure below shows the result
of the Constrained Delaunay Triangulation on tberf§pace.

Fig.64. Constrained Delaunay Triangulation.

The triangles created by the triangulation werentl@mbined with the range of the
Meshliums, derived by the heat maps generated théhfingerprinting localization method
(more in chapter 8). The reason to combine thedtes with the range of the scanners would
result in subdivisions that fit the accuracy of tbealization method and could create the
‘best’subdivion to create the hightest accuractheflocalization method.
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9.1.3 Combination of the triangulation with the heaaps
The triangulation was combined with the heat magenerated by interpolation in the
fingerprinting localization method (more in secti®3) (see Figure 65).
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Fig.65. Combination of the triangulation with theat maps for scanner layout 1.

In this case RSSI values not smaller than 30 diewensidered and an irregular area was
created around each scanner with the cells (frahtaeellow) that fell into this range. RSSI
values smaller than 30 db were not taken into atcseince they were not considered as
reliable. As it is shown in the figure below, soareas overlap and especially for scanner 678
an anomalous fact has occurred since high valeepeaaceived near scanner 121.
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scanner 553 @

@ scanner 678

scanner 309 @

@ scanner 121

Fig.66. Irregular buffers according to RSSI valdesscanner layout 1.

These areas were combined with the triangles gtteray the Constrained Delaunay
Triangulation. In this way all the triangles thetl finto one of scanner areas were considered
to be part of the same subspace and they wereecodmcordingly. For the case in which a
triangle fell into more than one area, the heat smapre consulted and the triangle was
assigned to the scanner that had the highest R&6¢ vor that triangle. In the end four
different subspaces were obtained, plus one bigewghibspace in the middle (see Figure 67

below).

e

) VA

aﬂZﬂr 309

@ scanni 1

Fig. 67. Space subdivision combining triangulatwith heat maps for scanner layout 1.

The same procedure has been carried out for scaaymut 2, in which the scanners are
placed closer to each other (see Figure 68).
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Fig. 68. Combination of the triangulation with theat maps for scanner layout 2.

In this case the range of the scanners overlaps often (see Figure 69 below).

scan
scanner 678 °

[
. ) /
scanner 12 scanner 31

Fig. 69. Irregular buffers according to RSSI valdesscanner layout 2.
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The end result looks like the Figure 70 below, fther plan is split into just four subspaces,
except for two triangles that didn't fall into abyffer.

scafiner 121 scanner

Fig. 70. Space subdivision combining triangulatwith heat maps for scanner layout 2.

The combination between the triangulation and tkat hmaps has been done using GIS
software. Moreover, since with this approach justrfor five subspaces are created, it leads
to a rather too coarse subdivision that it is nitiable for the localization. For this reason, this
approach has not been tested and automaticallyemmggited in code. A similar approach has
been implemented and will be described in the segtion.

9.1.4 Combination of the triangles with a radialffewm concerning the range
This method was implemented first for scanner laylolBuffers with a radius of 10 meters
were built around each scanner and all the trianjlat fell into the circle were considered as
part of one subspace. In this way four differerispaces were created around the scanners
(see Figure 71 below).

Fig.71. Range of the scanners 10 meters (left)daadbspaces (right).
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The white space in the middle of the floor plang(ffe right) was not covered by the 10-
meters range of the scanner and therefore itre#ided to be subdivided. For this reason,
another buffer of 20 meters radius was carried anaund the Meshliums and 4 other
subspaces were generated (see Figure 72 below).

Y N

Fig.72. Range of scanner 20 meters (left) and miffesubspaces (right).

The size of the buffers (10m and 20 m) were avexrdgam the range of the scanners
according to the heat maps. In the end all thengtes belonging to each subspace were
merged together and a new shapefile with the negudtight polygons was created (Figure
73). This method did also result in many overlagppolygons that belonged to different
buffers. Manually, these overlapping polygons wageted, so that in the end each subspace

had about the same size. The automatic method hasn better be referred to as semi-
automatic.

Fig.73. Automatic space subdivision with eightedéht subspaces.
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Fig.74. Testing the automatic method for layout 2

For layout 2 the buffers of 10 m around the scasmpewer almost the whole space. Basically
we end up with just four subdivisions (see Figu#g. As stated in the guidelines for the

subdivision, this is just too coarse for a subdbns The semi-automatic method only

“works” for the first layout, where the scanners ptaced far apart. One solution to solve the
problem of the coarse subdivision would be to tyidate the space into much smaller
triangles (Figure 75).

Fig.75. Two different triangulations of the space

In the figure above it can be seen that the sizbetriangles is almost doubled. When using
the bigger triangles, the subdivision will becorwerecoarser and has much more overlap, as
can be seen in the figure below. Thus an obtainddigision, can be improved, by using
more nodes for the triangulation. By using smatteangles, the subdivision will become
smoother and there will be less overlaps in thesgates.
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Fig.76. Using bigger triangles, results in an ewrarser subdivision

Many different space subdivisions can be developatfor this project only the intuitive and
the semi- automatic space subdivision have beetemgnted and used in the localization
component. The research done by the team, has sthavfactors that have an effect on the
subdivision are the size of the triangles, the seamlacement or the distance between the
scanners and the accuracy of the localization. doraatic subdivision should take these
factors into account.

A slightly better result in the localization haselm registered with the semi- automatic
space subdivision because it takes into accountrahge of the scanners, which are not
considered by the intuitive one. However, the imtai space subdivision seems in the end to
be the most suitable for being used in the nawgatbecause it is based on the usage of
space. By dividing the space into different worlkspais a more understandable way for
humans to navigate in an office space. Pros and obthe two different space subdivisions
are summarized in the table below.

Intuitive Space Subdivision Semi- automatic Space Subdivision
PROS: PROS:
- Human understandable - Considers scanner layout and range
- Considers the characteristics of the - Easy to be implemented to multiple
building floor plans
- Easy to be manually implemented - More precise localization output

- More suitable for the navigation and
visualization

CONS: CONS:
- Time consuming - Requires scripting and coding
- Environment must be modelled - Not human intuitive subspaces

- Hard to be automatic
- More possibility to have invalid
polygons

Table 5. Pros and cons of the intuitive and autocrsptace subdivision.
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10. Localization

10.1 CHOSEN LOCALIZATION METHODS

For all methodologies presented in chapter 6.3jraber of assumptions need to be made in
general. If the assumptions are correct, then dasibbility of each method becomes higher
and they can be compared for performance.

In our case study, the purpose is to explore howyntenes a person is localized correctly
within a room area defined by the provided subdivis The area rings approach is over
generalizing data and would yield questionable ItesiThe triangulation method would be
more applicable if the Angle of Arrival (AocA) wasn@wn or if the distances from each
scanner would bpreciselydefined using a function that translates RSSlesiato distance.
Considering the above, the most suitable methods fiwher exploration are the
multilateration method andVi-Fi fingerprinting Below these two methods are described in
detail, together with the procedure followed argirtformulation of a solution.

10.2 MULTILATERATION

The only source of information received by the juled scanners is the RSSI values
perceived by each of them. Depending on the scgnntarval, each scanner logs each device
it detects together with the respective RSSI valuetimely fashion (see Figure 77).

1e SELECT *

2 FROM test.meshl2l

3 WHERE RS55T >

4 ORDER BY timestamp DESC

3 LIMIT i
wltGrid | B 4% Fiter Rows: Edit: gl E Ein | Export/Import:
ID_frame TimeStamp MAC AP RSSI Vendor
236338 2014-10-01 18:02:17 F8:E0:79:2F:02:45 29 Unknown
236815 2014-10-01 18:01:45 F8:EQ: 79:CLSF:DA 22 Unknagwn
236816 2014-10-01 18:01:45 F8:E0: 79: 2F:02:45 24 Unknown
236817 2014-10-01 18:01:45 F8:E0:79:30:1B:87 35 Unknown
236790 2014-10-01 18:01:13 F8:E0:79:30:18:87 15 Unknagwn
236797 2014-10-01 18:01:13 FB:EQ: 7:CL:SF:DA 27 Unknown
236793 2014-10-01 18:01:13 F8:E0:79:2F:02:45 31 Unknown
236775 2014-10-01 18:00:42 F8:E0:79:30:1B:87 23 Unknagwn
236776 2014-10-01 18:00:42 FB:E0:79: 2F:02:45 24 Unknown
236777 2014-10-01 18:00:42 F3:E0:73:C1:9F:DA 23 Unknawn
236754 2014-10-01 18:00:10 F8:E0: 79:CL:SF:DA 27 Unknagwn

Fig. 77. Example of logs by scanner named “mesh121”

->"Trustability” of values based on time:

In theory, the RSSI values perceived by a scanharscanned device in a specific position
should not vary much over time. Considering thisg gould detect definite changes in these
values whenever a device changes position (seed§).

In more detail, when trying to detect a user’s posj a number of RSSI values need to be
taken into account. If the request is performedimme = NOW (=0), then the algorithm
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should “look back” in time at a considerable timelamd see which values are suitable for the
averaging. As such, in theory, these are the vahasdon’t deviate much. If a huge deviation
is found, then the algorithm should cut off anyuea “older” than the last suitable one. By
fitting a line curve and specifying a predefinecehold, one could find these RSSI values so
as to use for averaging.

60 ! T T T T T T T
' : ' ' : | ——RSSIvs. Time
Srnoothing Spline Fit
a0F- ----------- ----------- CRRPRS ------- Suitable values for averaging |-

R3Sl values (dBrm)

0 I i i i i i i i
-1800 1600 1400 1200  -1000 -500 -600 -400 -200 o
Time (in the past) from NOWY time (sec)

Fig.78. Theoretical distinction between real woplolsitions using RSSI values.
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20r
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Fig.79. Real RSSI values over time. Normally, 6tidct’ areas/plateaus should be visible,
one every 5 minutes (300sec).
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In reality, this type of distinction is difficultsince RSSI values deviate a lot even if the
closeness of the real location of the device apdsttanner is fixed (Figure 79).

In order to quantify a measure of “trust” for thgs&st values, a logarithmic function was
derived that applies a weight to each value, basedow recent it is to the time of request. In
particular it is described as such:

Trustability = 1 — (logptdsec)?
where
tdsec: time difference in seconds framvhich is ‘now’ (=time of request) and
database time logged
b = tintervalest1: time interval in seconds, from the oldest sl@avalue for
averaging until now, plus one

with tinterval,, the time interval in minutes, from the oldest

15
p =

" (In tintervalyin +1)2’
suitable value for averaging until now

The above function creates weights (values betWesmd 1) that increase logarithmically the
‘closer’ the value is to current time of requesg(FFe 80). It is dependent on the timespan that
the values cover, thus both the above analysistatimosing suitable values for averaging
may apply, but also a set time frame can be used.
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Fig.80. The weights applied to RSSI values chaegemting on the chosen timespan —the
older the values are the less credible they are.
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After these weightsw) are calculated for each RSSI value availaBl&8%), the weighted
average of them is computed that yields one RSiBEviar each scanner:

gil RSSIL Wi

Z?;1 w;

RSSlyang =

This is the value for which the algorithm procealranslate into distance.

10.2.1 RSSI into distance:
RSSI translation to distance is not easy to haadtkéin many cases it has been proven that
exact positioning through this method is impossifdeT. Parameswaran et al, 2009).
Nevertheless, in this project a function was camséd to make the multilateration method
feasible to an area/room extent. The basis offtlmstion is the log-distance path loss model
(Wikipedia: “Log-distance path loss model”, 201#hpugh a few changes were made.
In particular, considering that the RSSI valueGsiBm at 1 meter distance from the scanner,

the function is as follows:
Ro—R
d=1010n

Where
Ry = 60 : The RSSI value at 1 meter distance fromrsea
R : The retrieved RSSI value

n=2.8 +logg, > % : Path-loss coefficient

Normally, the n coefficient changes depending on the surrounditgysipal world
environment and its value is retrieved empiricallythrough trial and error. In the current
situation, it is developed to be dependent on tB&IR/alues and logarithmically varies in

between values [2.8, 4.0].

Considering the fact that a distance functio
cannot be perfectly modeled, an added edggr

is taken into account. This error is added ar
subtracted from computedi to define the extent

to which the the calculated distance is incorrect.

In the endd is the value that describes the radiu
of the circle that encompasses the ring, who:
thickness is defined by thde, calculated and
extended to both sides of the periphery of th
circle (see Figure 81). This ring substitutes a
area of possible positions for the user to kb
detected and better localized through th
multilateration method.

The error values are also logarithmic and they a
larger the smaller the RSSI value is (Figure 82,.
Thus, the further away from a scanner a device is_. .
localized, the greater the possible error, because '9-81- Distance d from scanner and
of the vagueness of the metric. added error result in a ‘ring’ area.
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Fig.82. Relation between RSSI and distance, togetile the vague error areas.

10.2.2 Ring “Importance” Indicator:
Normally, in trilateration/multilateration methods, least 3 circles need to intersect in order
to achieve localization (see Figure L6). In inda@svironments with a small number of
scanners this level of availability is quite difflc to achieve. Moreover, in cases where
scanner rings intersections describe more thanpmssible areas, complications arise on
which is the most appropriate one to choose. Iemor remedy this conundrum an indicator
is applied on each ring that defines its prioritychoosing it as a best option, even when tri-
/multi-lateration is not achieved.
More specifically, this indicator can be a numbk) that varies depending on the ring’s
“importance”, which can be for example its thickmesrustability of RSShyy value or
another parameterized value. In this project, dicator is considered that is defined as:

k 1y
L (derr-N)

wherede, is the error of the circle distance as descritztiez andN the number of scanners.
As such, the indicator represents higher valuesnwthe error is small, that is when the
“thickness” of the ring is small (consequently distance, thus a high RSSI). The number
should vary considerably in order to be distinginghdifferent rings, therefore the above
formula is used.

Each area of a ring is defined by a numheblt when intersections happen between rings,
these areas intersections acquire a nemukber which is the sum of the indicators involved
(example in Figure 83). In this way, the algoritltimooses the area which has the highest
indicator to localize the device as the most prédabea.
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Fig.83. Calculating the most probable localizatiarea: If the respective indicators for each
of the S1,S2,S3 scanners are k1=0.32, k2=0.65, H3k@hen the colored intersection areas
have summed values of k12(orange)=0.97, k13(brodds; k23(green)=0.79 and
k123(blue)=1.11. Therefore, the combined blue asghe one chosen as the most possible
location of the device.

10.2.3. Implementation:

When all of the above is performed, the outcomthefalgorithm is an area that localizes the
device in question within it. In order to make wehis area, the algorithm runs within the
boundaries defined by the location of the scanrnées,indoors environment and the space
subdivision. Rings exceeding the boundary of thiédimg polygon are logically considered
unreachable areas by humans, thus they are exclérded the search of solution.
Furthermore, areas like stairs and elevators @@ @nsidered “holes” for each floor of the
building and they are also not taken into account.

Depending on the space subdivision (see chapeith8),area may lie within multiple
subdivisions of the floor polygon. Then, the sulglon which covers most of this area is the

one chosen to be the location of the device angtiretl as final solution to the user (see
Figure 84).
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Fig. 84. Example of localization achieved: thredhsd scanners (triangle-shaped points)
localize the device at different distance. The paftthe rings intersections are evaluated and
the most probable location is returned as the atepicted in red. The subdivision polygon
(yellow) that intersects the most with this aregeisirned; in this case 100% of the area lies
within one polygon, so this polygon is returnedresdevice location. The star-shaped point
is the ground-truth of the real location of the ey at a distance of about 1.7m from the

localized area by the algorithm.

Another option is to combine different subdivisionorder to achieve localization in at most
two adjacent rooms. In more detail, if the intwetigubdivision is the chosen depiction of
localization, the algorithm can run delivering esfisolution as described above. Afterwards,
the algorithm also runs similarly for the automaubdivision, which takes into account the
scanner’s positions and range. The subdivision toaers the best the localized area is
chosen. This subdivision from the automatic metlsodnposed on the subdivisions of the
intuitive method. The intersections yield a numbérareas which relate to a number of
subdivisions from the intuitive method. These sulsibns are ordered by maximum area
coverage of the automatic subdivision and keptlista
After the algorithm returns the first solution (tresult taking into account only the intuitive
subdivisions) it can also return a second optioarofdjacent room that possibly the device
lies. This option is the first in order of the coumgd list that does not match the first solution.
As an outcome, the user is given a first solutiom; also a suggestion to “search” in the
second adjacent room for their target-colleaguee dbove procedure is explained with the
use of an example in Figure 85.
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(a) (b)

A (c) A (d)

Fig.85. Example of combined localization: The stheped point is the ground-truth position
of the device and the red area defines the ringrggictions and most probable location area
derived by the multilateration algorithm. (a) Tteedest part of the localized area lies within

the central yellow polygon, therefore the algoritbhooses this to be its first solution. (b) The
algorithm runs again, but this time for the autoraaubdivision. Again the subdivision that

intersects the most with the localized area is eho$c) This automatic subdivision is
intersected with the intuitive subdivisions. The®that do intersect are kept in a list ordered
by area covered (thus most probable locations)N@dmally, the central polygon would be
chosen as a second solution, but since it has dyré@en presented as first in (a), the next
polygon on the list is the one lying on the rightis succeeding in localization. By using this
method, the user is given an indication of wherseg@arch and then the next most probable
area, should the first solution fail.
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10.2.4. Remarks:

The method that describes the underlying algoritieiies heavily on the chosen function
which models the translation of RSSI values ingiatice. The function itself is dependent on
the scanner placement and mostly on the surrourghiggical environment. Furthermore, the
solution can have varying success rate dependinfpespace subdivision and/or combined
solution. Therefore, indoors localization throudhistprocess is a multi-layered problem
which takes into account a number of factors thatdafficult to model, but can achieve a
good outcome with a high level of automation andremment modeling.

In the next part the results of using this methardlie trial at the ‘De Rotterdam’ building are
being presented and analyzed.

10.2.5. Results & Analysis:
The algorithm’s efficiency was tested on the caeadata. To describe a performance metric,
the first consideration is to check how many of tlmes the algorithm achieves correct
localization within the room the device actuallysvén particular, if the ground-truth point of
the device lies in a specific subdivision and tlgoathm localizes the device in that specific
subdivision, this is considered a success.
Furthermore, another case is investigated whewdisation is achieved on the corrextthe
neighboring subdivisions to the one localized obulding floor. Each subdivision has
adjacent ones, therefore if localization is achieweany one of them, it can still be viewed as
a success, considering that two adjacent subdhgsaoe very close to each other and within a
small walkable distance.
Finally, the option of combining subdivisions igpred to make the best use of intuitive and
automatic approaches. The first solution is deriwsthg the intuitive subdivision and a
second option is provided of the next most possdigcent room using the automatic
subdivision.
In each point the mobile phone devices where platale for 5 minutes, therefore the time
interval in which the RSSI values are averagedpsi@i known and the trustability factor is
almost linear (Figure 80). This does not detraatfthe final results, since the timeframe can
be chosen. Furthermore, RSSI values smaller thm5aere not taken into account, since
they are too small to be considered and their sgmtative distance translation exceeds the
scanner’s trustable range.
Layouts 1 and 2 were considered to be the bestmlacts for the scanners; therefore two
tests were performed for them.
Each mobile phone device was thus tested on itgiggosand compared to the algorithm
position solution. A percentage is given based ow many of the times it is correctly
localized in the correct room and/or including idigurs. The tables below summarize this
notion:

Layouts | Layout 1: Layout 2: Layout 3: Layout 4:
Devices Max Distance | Concrete Elevator Half-building
Square pathways
Testl| Test?] Testl Test? Test Test
f8:e0:79:2£.02:45| 63.64 | 72.73| 68.18 63.64 59.09 50.00
f8:e0:79:cl:9fda| 63.64 | 68.18| 54.55 50.00 54.55 50.00
f8:20:79:30:1b:87) 54 55 | 50.00 63.64  54.55 63.64 58.33
OVERALL 62.12 59.09 59.09 52.78

Table 6. Localization success rate (%) on same rasmground-truth point. If the point lies in
the same room as the room returned by the algorithim a success hit.
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Layouts | Layout 1: Layout 2: Layout 3: Layout 4:
Devices Max Distance | Concrete Elevator & | Half-building
Square pathways

Testl | Test2| Testl] Test2 Test Test
f8:€0:79:2f.02:45| 9545 | 90.91| 95.45 95.45 90.91 83.33
fa.e0:79:cl:9fda| 95.45| 100.0 86.36 95.45 90.91 91.67
f8:€0:79:30:1b:87) 90.91 | 95.45| 90.91 90.91 90.91 83.33
OVERALL 94.70 92.42 90.91 86.11

Table 7. Localization success rate (%) on same r@htmeighboring rooms. If the point lies
in the same room as the room returned by the dllgaoriOR any of its adjacent rooms, itis a
success hit.

Layouts | Layout 1:
Devices Max Distance
Testl | Test2
8:0:79:21:02:45 | §3.64 72.73
18:e0:79:c1:9fda| 63.64 | 59.09
8:€0:79:30:1b:87| 59.09 63.64
OVERALL 63.64
Table 8. Localization success rate (%) on same rasmround-truth point. (automatic
subdivision, only layout 1 tested)

Layouts | Layout 1:
Devices Max Distance
Testl | Test2
18:0:79:21:02:45| 90.91 90.91
f8:0:79:c1:9f.da | 95 45 86.36
8:€0:79:30:1b:87| 86.36 86.36
OVERALL 89.39
Table 9. Localization success rate (%) through cowath subdivisions. (intuitive and
automatic, only layout 1 tested)

From Table 6 it can be seen that the localizatuecsss lies betweedd-62% in the case
where the algorithm is required to return exactgnswer for localization. When the scanners
are placed on half the building the success ratpsdto about3%. This result implies that
having a denser placement of scanners does nossadg yield better results. Therefore,
some research should be performed beforehand ar twdake a good decision of where the
scanners can be placed. This choice should be takiig into consideration that a high level
of discrete separation between readings of thenecamimust be achieved.

In Table 7, the neighboring subdivisions are peextias successes. Of course the result is
much higher £91-95%) which shows that the algorithm achieves localaratn a close area
and not randomly selecting a subdivision. Albeitret same time, this high rate is a result of
the small number of subdivisions in general. If thelding floor was subdivided in finer
subdivisions, this percentage would hold a highgpdrtance. Again, a lower rate (86%) is
portrayed for the half-building scanner layout.

In Table 8, the automatic subdivision is choserddgout 1 (max-distance scanner placement)
to be the layer for localization. In comparisonit intuitive counterpart from Table 5, the
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resulting success rate is similar (alm64%, compared to 62%). This displays an interesting
fact about the algorithm. The successfulness ialilmiog a device is not as highly dependent
on the scanner’s range coverage, as long as théewase area is covered by at least 1
scanner and the subdivision is coarse enough.

On the other hand, if the two perceptions in sulstin are combined, a high success rate can
be achieved, up t89%, as per Table 9. In this last table, the succedsaiwn on whether the
solution is given on the first option or the sectwedt, which derives from the combination of
the intuitive and automatic subdivisions. What reetribe made note of is that this kind of
solution is highly understandable for humans arsllyedollowed. If the user that tries to
localize their colleague cannot find them on thstfsolution, the second solution which is
simply an adjacent room, is highly possible to leisua success.

From the devices responses a definite result capaalrawn, yet a slight mention can be
made that although all of them where of the samédwere and positioned at the same points
during readings, different RSSI values were detkatesulting in differences in distances and
localization.

10.2.6 Example Solutions:

Fig.86. Successful localization per intersectiob2,3 and 4 rings intersecting.
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Above (Figure 86) are presented in visual form s@wlations for the trial performed at the
‘De Rotterdam’ building, in order to provide a kttunderstanding behind the running
algorithm. Different profiles of localization oute®s are depicted. Normally tri-/multi-
lateration would require at least 3 rings intersggt but that would result in a very low
success rate and would impede the capabilitieseo&lgorithm, which can localize correctly a
device within a room with only data from 1 scanfiring). Nevertheless, because of the
“importance” indicator any excessive intersectians discarded and the most suitable one is
chosen in every case.

There are though cases where localization is nowaed as a first solution (Figures 87 and
88). Yet, if a combined solution of different swadions is used, as described in the
implementation part, most of these cases can lagette(Figure 87). The ones that escape
treatment (Figure 88) are only about 11%, as shiawine above results.

Fig.87. Failed localization: treatable cases. Fissilution (yellow) is wrong, but second
suggestion (magenta) succeeds.

Fig.88. Failed localization: non-treated cases. Bfitst and second solutions fail.
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As a final image, some successful localization ltesare presented for different layouts of
scanners in Figure 89:

Fig.89. Successful localizations for different stamlayouts.

10.2.7 Conclusions:
The multilateration method as described in the iprte sections relies on RSSI values
perceived by each scanner for each measured d&®&®l is a vague indicator for distance,
therefore a perfect function for translating RSSllues into distance does not exist.
Nevertheless, estimations can be made. For thigoparthe algorithm constructed can have
varying results.
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The most important and impeding factor for thisnglation is the real world physical
environment. Walls, materials, noise, multipatgnai propagation and other effects can have
a large impact on the results. If this environmean be modeled, a much better result is
expected.

Furthermore, the method described is dependertesgace subdivision. If the subdivisions
are too small, a lower success rate is expectedywhan the localization is achieved, the
solution is more precise to the target’s real lmatlf the subdivisions are too large, there
will only be a few that cover the whole area otnest. As such, the localization success rate
would rise, but the localization area might be bag for a human to perceive it as helpful for
navigation.

Finally, results are always dependent on the hamlwased. Different devices can yield a
different outcome. What could be improved on trefdlf is the scanning rate by which the
scanners scan their cover area. With more valleestar average can be achieved.

For the purposes of the current application, a thattground solution is given. Localization
is achieved within subdivisions that can be degctibs intuitive and navigable for humans.
These subdivisions vary in size (85t 212nf) but span across only a few meters and given
the structure of ‘De Rotterdam’ building, they &h suitable for the algorithm and a human
to follow. The physical environment could not bedaled, but the results are interesting for a
deterministic model6 out of 10 timesa device is correctly localized within a subdigrsiand
that result rises t@ out of 10 timessuccess, when the next possible subdivision lsded in
the solution.

These results can be deemed both satisfactorygretted. Indoors localization is achieved
usually correctly and a second suggestion allowsvérification for success. As such, the
application can display to the user the most prigbalbea the target lies and then give a
suggestion in case the target is not immediatelyndoby the user. The high level of
intuitiveness that such result displays is what esakis method successful.

10.3. FINGERPRINTING

10.3.1 Data preprocessing

As is stated previously, in the tests made in “[t&dam” building, four layouts of the four
Meshlium scanners were designed for testing fogusim different aspects: max distance,
concrete square, elevator and pathways, and hadfifigt Raw data were collected for each
layout with three Samsung smartphones at 22 latatspreading over the floor for five
minutes each location. From the fingerprints gotrfrthese four tests, the team found layout 3
leaves large vacuums over the whole area wherghtiee cannot be detected by two or more
scanners at the same time, which is not optimisti®Vi-Fi fingerprinting since these vacuum
areas cannot be effectively discriminated. On tha&rary, layout 4 proved itself incompetent
by covering the half building so well that fingergs at many locations are too similar to be
accurately distinguished. As for layout 1 and layBuboth of them present nice coverage
with adequate variations between locations. Thing,team took same test again for both
layout 1 and layout 2 to be more accurate to furtbsearch which layout of the scanners is
better for Wi-Fi fingerprinting.

Before the raw data can be actually used in the=MEingerprinting, some preprocessing
need to be carried out. First, for each scannerR8SI values of these three phones at each
locations are all together averaged and the totedd they were detected by the scanner are
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calculated (see Appendix I). Data collected attioos where the three phones were scanned
less than ten times in total in the five minutes. (@ach phone was scanned three times or less)
are considered unreliable and marked yellow. Thigpens when the phones are too far and
almost beyond the reach of the scanner or thera &eof obstructions between them. From
Appendix Il, it can also be seen that data markeltby from the first and the second test
always vary a lot, which with each other excepttfaose zero values with zero scan which
indicates the phones were not detected by the scauah all. Then, to derive the final RSSI
values to be used, the averaged data from theedsts tor each layout are averaged again and
values are set to be zero wherever either of tkee fdam the two tests is marked yellow (see
Appendix 1l). Hereby, the fingerprints of the foscanners at each location are obtained,
which is shown in the charts below.

Layout 1
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Fig.90. Fingerprints: (a) layout 1; (b) layout 2
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The last step before interpolation is to defineoeal coordinate system for these sampling
points, which is usually realized by overlappingegular grid onto the area. The team chose a
grid of 2 by 2 squares and a grid of 4 by 4 squayessearch what would be the best size of
the cells. These two grids are shown in Figure 91.
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Fig.91. Sampling points in different grids: (a) ¢4, (b) 2 by 2

Then, the coordinates of these 22 points in the dfferent grids are obtained, which are
shown in Appendix Ill together with the accordingeeage RSSI values as the final input
data.

10.3.2. Interpolation
Out of the 22 points, 15 points are taken out tah#ointerpolation to create the heat maps of
each scanner for each layout, while the other ftpare testing points to check the accuracy
of these heat maps.
The interpolation is calculated in Python usingiggdnterpolate.Rbf’, a function for
interpolation of n-dimensional scattered data @hiakbasis function, since the signal of a
scanner goes out radially in open area in thedng. feat maps are shown in Figure 92 (a&b).
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Fig.92. Heatmaps: (a) layout 1; (b) layout 2

10.3.3 Matching
As is stated before, there are two matching algaorit For this project, the Nearest Neighbor
method is chosen to match between the recordeeérfingts in the heatmaps and the seven
live fingerprints. Location with the least sum gusared differences is assumed to be the best
match.

n
le’n = MIN Z(Rl - FPi)Z

=1

Table 10 shows the result of each layout with egrath. (x,, y,) are the coordinates of the
square which the ground truth lies in, while (x,ig)the calculated coordinates of the best
match point. dx and dy are the difference betwéesd two sets of coordinatét),;,, is the
minimal sum of squared differences between therdetband live fingerprints that comes
along with the best match. Dist is the overallatise error between the ground truth and the
best match point, which is calculated by thesetions below:

Dist = L X /dx? + dy?

L=2m when using 2 by 2 grid, L=4m when using 4 loyid
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Table 10. Heat maps testing results

No. | X, | Vo X y dx | dy Dist (m) Rin (dBmM)
3 15 3 14 1 1 2 4.47213595499958  5.239318735613585
6 8 6 7 7 1 -1| 2.8284271247461903.526167534693688
10 15| 13| 14 8 1 5| 10.198039027185%68.399138514819178
15 4 17 0 17 4 0 8.0 0.550764724593878
18 18 2 16 2 2 0 4.0 2.3427934329267632
20 6 7 7 7 -1 0 2.0 3.6182598328548[77
21 11| 19| 12| 194 -1 0 2.0 0.6403581380151838
AVG Dist (m) 4.785515

(@) Layout 1 with 2 by 2 grid

No. | xO | yO X y dx | dy Dist (m) Rin (dBm)

3 8 1 7 0 1 1 5.656854249 5.239318736
6 4 3 4 3 0 0 0 5.252243749
10 8 6 7 4 1 2 8.94427191 8.618502638
15 2 8 0 8 2 0 8 0.550764725
18 9 1 8 0 1 1 5.656854249 4.131643285
20 3 3 4 3 -1 0 4 4.534343626
21 6 9 6 9 0 0 0 0.669422414

AVG Dist (m) 4.60828292

(b) layout 1 with 4 by 4 grid

No. | x0 y0 X dx| dy Dist (m) R,in (0Bm)

1 12.8284271247461903 2.550717802348352

3 -2|  7.211102550927978 8.7278583641188

10 15 13 16 -6 12.16552506059643%9.10795213494923

15 4 17 1 3 0 6.0 2.53731285667925

~

18 18 2 16 2 25.656854249492381 1.593611087663197

1
=

20 6 7 5 1 0 2.0 7.060631555670865
21 11 19 14| 11| -3 8| 17.08800749063506 10.483064BBED
AVG Dist (m) 7.564274
(c) layout 2 with 2 by 2 grid

No. | xO | yO X y dx | dy Dist (m) Rin (dBmM)

3 8 1 7 1 1 0 4 2.2026924
6 4 3 3 3 1 0 4 11.113585
10 8 6 9 9 -1 -3 12.649111 6.0042854
15 2 8 1 8 1 0 4 4.1278081
18 9 1 9 0 0 1 4 1.9830051
20 3 3 3 3 0 0 0 10.211058
21 6 9 7 5 -1 4 16.492423 10.57897
AVG Dist (m) 6.44879

(d) layout 2 with 4 by 4 grid
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From the results, it can be seen that layout 1 wibly 4 grid provides the best accuracy. To
be more specific, layout 1 outperforms layout 2hvweither 2 by 2 or 4 by 4 grid and 4 by 4
grid is better than 2 by 2 gird in either layoubrllayout 2. The reason behind this might be
that the fingerprints generated in layout 1 aredbetetected since there is more vacuum area
in layout 1 than that in layout 2. Besides, thengtarity of 2 by 2 grid might be too small for
either the interpolation to accurately simulate fimgerprints in real environment or the
matching algorithm to effectively distinguish thiéerences between the squares.

10.3.4 Result with space subdivision
Table 11 shows the localization result of theséférnt set-ups, namely layout 1 with 2 by 2
grid, layout 1 with 4 by 4 grid, layout 2 with 2 Rygrid and layout 2 with 4 by 4 grid, when
fingerprinting is combined with space subdivisilD,, is the index in the grid of the square
which the ground truth lies in, whilD,, is the index of the outcome squélDy,,;,, indicates
the subdivision which the ground truth lies in, I8lDy,; indicates the subdivision the point
is actually assigned to.

Table 11. Localization result in space subdivision

No. 1D, ID,, IDguno IDgyp Final result

3 150 169 2 2 'localized successfully'
6 300 322 3 3 'localized successfully'
10 160 176 4 0 'localization failed'
15 395 479 7 7 'localized successfully'
18 86 128 1 2 'localization failed’
20 343 322 3 3 'localized successfully'
21 250 229 5 5 'localized successfully'

(@) layout 1 with 2 by 2 grid

No. 1D, ID,, IDguno [Dgyp Final result

3 34 44 4 0 'localization failed'

6 80 80 3 3 'localized successfully’
10 39 48 5 5 'localized successfully'
15 107 129 7 7 'localized successfully’'
18 23 33 1 1 'localized successfully'
20 91 80 3 3 'localized successfully'
21 64 64 0 0 'localized successfully’

(b) layout 1 with 4 by 4 grid

No. 1D, ID, IDguno IDgyp Final result

3 150 170 2 2 'localized successfully'
6 300 365 3 6 'localization failed'
10 160 145 4 4 'localized successfully'
15 395 458 7 7 'localized successfully’'
18 86 126 1 2 'localization failed'
20 343 364 3 3 'localized successfully'
21 250 179 5 0 'localization failed'

(c) layout 2 with 2 by 2 grid
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No. 1D, ID,, IDguno IDgyp Final result

3 34 45 4 0 'localization failed'

6 80 91 3 3 'localized successfully'
10 |39 31 5 2 'localization failed'
15 | 107 118 7 7 'localized successfully'
18 |23 22 1 1 'localized successfully'
20 |91 91 3 3 'localized successfully'
21 |64 49 0 5 'localization failed’

(d) layout 2 with 4 by 4 grid

From the table it can be noticed that layout 1 withy 4 grid has the best successful rate (6/7)
of localization in subdivision among these 4 sed;wphile those for layout 2 with either 2 by
2 or 4 by 4 grid are both 4/7. Between them is taylowith 2 by 2 grid with a successful rate
of 5/7. This also complies with the outcome in Ea®l

Examples of the localization result are shown iguFé 93, in which the red square is the
location of the ground truth while the blue squardhe localized squared. Figure 93 (a)
shows the point is successfully localized in th@eaubdivision which the ground truth lies
in; Figure 93 (b) shows another case where thetpsimvrongly localized in an adjacent
subdivision of the one in which it actually shoblel
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(@) (b)

Fig. 93. Examples of localization result of layduwvith 2 by 2 grid in subdivision (a)
Successful localization; (b) Failed localization

10.3.5 Improved result
Here, similarly, the final localization result cdre also improved with the algorithm
introduced above, which utilizes another possilgace subdivision that is based on the
coverage area of the signal of each scanner toagher possible options to the user. Table 12
shows how the localization can be improved whermia second or even a third option for
the 4 different set-ups.
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Table 12. Improved localization result in spacedivision

No. | ID,o | 1D, | IDgupo | IDsup1 | Dsupz | Dsups Final result
3 34 44 4 0 1 4 'localized successfully'
6 80 80 3 3 None | None 'localized successfully'
10 39 48 5 5 None | None 'localized successfully'
15 | 107 | 129 7 7 None | None 'localized successfully'
18 23 33 1 1 None | None 'localized successfully'
20 91 80 3 3 None | None 'localized successfully'
21 64 64 0 0 None | None 'localized successfully'
(a) layout 1 with 4 by 4 grid
No. | ID,o | ID, | IDgypo | IDsyp1 | Dsubz | IDsups Final result
3 150 | 169 2 2 None | None 'localized successfully'
6 300 | 322 3 3 None | None 'localized successfully'
10 | 160 | 176 4 0 1 4 'localized successfully'
15 | 395 | 479 7 7 None | None 'localized successfully'
18 86 | 128 1 2 1 None 'localized successfully'
20 | 343 | 322 3 3 None | None 'localized successfully'
21 | 250 | 229 5 5 None | None 'localized successfully'
(b) layout 1 with 2 by 2 grid
No. | ID,o | ID, | IDsupo | IDsup1 | Dsupz | IDsups Final result
3 | 34 | 45 4 0 6 3 '3 chances at most, localization failed'
6 | 80 | 91 3 3 None | None 'localized successfully'
10| 39 | 31 5 2 1 None | 'no other choice, localization failed'
15 | 107 | 118 7 7 None | None 'localized successfully'
18 | 23 | 22 1 1 None | None 'localized successfully'
20| 91 | 91 3 3 None | None 'localized successfully'
21| 64 | 49 0 5 4 None | 'no other choice, localization failed'
(c) layout 2 with 4 by 4 grid
No. | IDy,o | ID,, | IDgypo | IDsyp1 | IDsupz | IDsups Final result
3 | 150|170 2 2 None | None 'localized successfully'
6 | 300 | 365 3 6 0 3 'localized successfully'
10 | 160 | 145 4 4 None | None 'localized successfully'
15 | 395 | 458 7 7 None | None 'localized successfully'
18 | 86 | 126 1 2 3 6 '3 chances at most, localization failed'
20 | 343 | 364 3 3 None | None 'localized successfully’'
21 | 250 | 179 5 0 6 3 '3 chances at most, localization failed'

(d) layout 2 with 2 by 2 grid

From the following table (Table 13), it can be s#®at when given a second option, one more
point is localized successful in layout 1 with 2grid, while rates for the other set-ups stay
the same. When given a third option, the succesafalof both set-ups of layout 1 with either
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2 by 2 or 4 by 4 grid increases to 7/7, while tblatayout 2 with each kind of grid has also
improved in different degree, going up to 5/7 ahdréspectively.

Successful rate Layout 1 Layout 2
Options 2by?2 4 by 4 2 by?2 4 by 4
1% 5/7 6/7 417 417
15+2"° 6/7 6/7 4/7 417
15+2M 431 717 717 5/7 6/7

Table 13. Changes of successful rate for diffesetiups

10.3.6 Conclusion

The Wi-Fi fingerprinting method uses the uniquefigoof RSSI values in each square to
search for the best match between the recordecerfingts from the heat maps of each
scanner created by interpolating the sampling pantd the live fingerprints provides by the
application. It is more deterministic and also maecurate than other existing indoor
localization methods, while it requires heavy labod large amount of time for collecting the
training data. This method relies heavily on ite@unding environment since every heatmap
it uses is created under a specific environmenerfvime the environment changes, the
training data must be recollected to update théineg@s, which in turn greatens the burden in
the training phase.

Furthermore, the accuracy of this method also d#gen the granularity of the grid it uses to
define the coordinate system and the space sulmivépplied after a certain square of the
grid that a target is localized in is returnedtné granularity of the grid is too coarse, the
localization will be meaningless since the giveeaawill never be accurate enough for either
finding people or for navigation. However, the lésshown above also prove that too small
granularity of the grid can endanger the overathlzation successful rate, either with or
without a space subdivision applied, maybe becausis not suitable for either the
interpolation to accurately simulate the fingerfinn real environment or the matching
algorithm to effectively distinguish the differeiscleetween the squares.

Two kinds of space subdivision are used in thiggmto one with higher intuitiveness and one
that is closer to a theoretical space subdivisionesit is based on the coverage area of the
signal of each scanner. An algorithm is applied tises the intuitive subdivision as a front
interface to interact with the user and the thecakbne as a background layer to perfect the
localization.

For a more precise localization, enough samplingitpomust be guaranteed either for
interpolation or testing. In the tests taken in Retterdam’ building for this project, the team
only collected data at 22 points. 15 of them aetlua the interpolation, while the other 7 are
used to test the localization. On one hand, 15tpoame far from enough for accurate
interpolation to create heatmaps that can perfemtiylate the real environment; on the other
hand, 7 testing points are also nowhere near pEv&and convincing to draw any solid
conclusions from the result. Besides, the timegaefor collecting data at each location needs
to be controlled precisely. If during the timespainen a phone should be collecting data at
certain location the phone is actually still movitigere will be some deviations in the raw
data that might possibly compromise the accuradhefinal result.
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11. Navigation

In order to enable the user to find their colleague, navigaisoneeded to communicate the
route to the user. For accomplishing to this taslgescription of how the subdivided spaces
are connected is needed.

11.1 IMPLEMENTATION

11.1.1 Deriving the network
After having analysed the main approaches for geimgy the navigation system, the network
approach was selected for ‘De Rotterdam’ buildifige reasons why this method was
preferred are the following:

- It fits better with the characteristics of ‘De Rotlam’ building: corridor around the
concrete block where the facilities are located\@lors, stairs, toilets, etc.) and open
spaces around it.

- High positional accuracy is not needed since eng@sycan easily find the colleagues
in open spaces and through glass walls.

- Easy to design since just few nodes and edgeseseed for navigating through the
building.

The simplest way of designing a network is to darsmually for each floor plan or building
part. The drawbacks of this method are that iinie tconsuming and it has to be repeated for
changes in the space subdivision. A generalizethadedf generating a network will not only
save time, but may also be practical in other sl than "De Rotterdam'.

For subdividing the space in 'De Rotterdam’, thdtiMuayered Space Model of IndoorGML
is taken into consideration. Indoor space is represi by three different space layers which
correspond to different space subdivisions:

* Functional layer, which mainly consists of meetinogms, obstacles such as walls,
and clearly defined spaces where the copy maclare$or example. As well as the
central blocks with the stairs, the elevator argdttilets in the middle (Figure 94 left).

* Navigational layer, which is composed by the canridnd the spaces where people
use to walk through. The tables were not takendgnttsideration as obstacles, because
of the accuracy of the localization methods (Figd4eight).

* Range of the scanner layer, which is derived byht#ta maps (Figure 95).

In IndoorGML, different decompositions result irffdrent Node-Relation Graph (NRG), but
in this case the team has decided to combine iglldifferent layers and to extract only one
network in the end.
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Fig.94. Functional layer (left) and Navigationalfar (right)

Fig.95. Range of the scanner of 20 meters for lagcand 2.

11.1.2 The manual network
If the network is drawn manually, for instance gsanCAD software, it can be easily adapted
to the characteristics of the building (obstaclkemms, etc.), as in the case of the space
subdivision. In order to automatically extract thetwork, the subspaces obtained with the
space subdivision were utilized, except for themsdfunctional layer), which at first for the
subdivision for the localization methods, were maonsidered. The functional layer is
removed from the subdivisions, because it is camsmto be an obstacle where you cannot
walk through.
In the figure below (Figure 96) the manual netwarkerlayed on the intuive space
subdivision can be seen. Basically each centenafréispace is connected to each other. The
functional layer (the rooms etc.) describes a satspSince the localization is not accurate
enough to localize inside a room, a connectionhise¢ rooms is not made. This is not
necessary, because the localization methods gisle dr@e subspace, which can include just
open space or a room and open space.
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Fig.96. Implementation of the manual derivatiorthed network on the intuitive subdivision

11.1.3 Semi- automatic network
The subdivision used for testing an (semi-)autoenakerivation of the network is the
subdivision based on the range of the scanness, adimoving the functional layer (Figure
97).

e

L
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A

Fig.97. Subdivision based on the range of the seemmafter removing the functional layer.

The semi- automatic method considers the buildemetry. Certain nodes are necessary for
an efficient routing for any floorplan in the MidWwer of ‘De Rotterdam’building, regardless
of the space subdivision. For this reason, a "basiting" is created as a part of the network.
It consists of nodes in and around the buildingse,cenabling navigation from and to the
elevators. Additional nodes for the routing arotimel core of the building are added to enable
an effective routing. As this core is present tigtoaut the entire tower, the “basic routing
network is present at every floor. After this basiating is in place, the subspaces resulting
from the space subdivision can be taken into adcdtor each subspace the centroid was
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computed using the Python library Shapely. Thepsehien searches for the center points of
the neighbouring subdivisions and connect thesatpavith the route around the core (see

Figure 98).
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Fig. 98. Concept for the semi- automatic derivatudrihe network

The steps of the method can be seen in the figel@wv(Figure 99). The routing around the
core can be seen on the left. In the middle areén¢er points of the subdivisions connected.
The routing around the core is layered over théimgubetween the center points on the right.
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Fig.99. Implementation of the semi- automatic methio the subdivision based on the range

In the next steps the two routes are combined lopgihg the shortest distance between the
points. The crossing lines are removed on the leftthe figure below. For a future
application, a connection to the rooms/obstacleslged. When then having a more accurate
localization method, localizing inside a room viaé possible. For the application, nodes need
to be in the rooms, for the path finding algorionfind a route to them. When the application
will look for available workspaces, all the availvorkspaces need to be connected to each
other. The connection to the holes can be sedreifigure below on the right. They are made
manually, because the doors/openings need to lea fako consideration for the connection
to the already there network. It could be possiblereate a node for each door, and then
automatically make the network, but that is noteltor this project.
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Fig.100. Implementation of the semi- automatic metbn the subdivision based on the range
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Fig.101. The final network

Looking at the figure above, it can be seen thatrthute is not perfect, because at certain
places the route is cut short and crosses an ddstarere you cannot walk through. The only
connections allowed trough the holes are the ohasare combine with the center of the
holes and are going through a door or opening.o &lere is a lot of manual editing needed,
for example when the route around the core is coetbwith the route through the center
points.

11.1.4 Automatic network
The automatic network does not consider the bugldjeometry. It uses the centerpoints of
the subdivisions as a starting point. After compgitihe centroid, each centroid is connected
with the centroids of the neighbouring subspace$ ianthis way the network has been
generated.
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Fig.102. Implementation of the automatic methodhensubdivision based on the range

As seen in the left figure above, the network aeessiany holes. This is tried to solve by
‘guiding’ the lines through the middle points ofethintersecting lines between the
neighbouring subdivisions, as can be seen in tliellei Especially in the right upper corner,
the route becomes a lot better. The connectiotihdorooms is made manually. Lines are
made, considering the doors/openings of the rotonthie closest point, as can be seen on the
right. The final route can be seen in the figuriowe

| L

Fig.103. The final network

The final result seem better, in comparison tostimi- automatic method, better, because the
network crosses fewer holes. Still it is not sugator use, because there are still obstacles
crossed. To solve this problem, another automarovation of the network could be drawn
by using the centroids of the triangulated spackcamnecting them with each other. Now the
network will not cross a hole. Access to the holesds to be made manually, as done for the
other networks. But it is not performed in the figuelow, since the connection to the holes
IS not necessary, as explained before.
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Fig.104. Implementation of an automatic methodranttiangulated floorspace

A result can be seen above. The network contalosa nodes, which is not needed for the
navigation, since the accuracy of the localizaisonot that precise. A solution to this problem
could be to simplify the network. For example, gveode that has three branches, should be
kept, and the nodes in between removed. This wailse lines to cross the holes, so exception
to this rule should be made. This method was ntthién investigated. By comparing all the
different networks with each other, the manual meknseems, for now, to be the most
effective and will be used later on for the apgima

Fig.105. The network used for the application

11.1.5 Storing the network
Once the network is derived, the positions of teéwoerk nodes can be stored in a local
coordinate system (x,y,z). Based on these posijttbedengths of edges can be calculated and
the final network can be created. For the manuavor& in 'De Rotterdam’, nodes are
described as 4 digit integers, since the alphabetot sufficient to describe all nodes. By
using 4 digits the floor level can be indicatedhatite first 2 digits. The network is depicted in
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the figure on the left below. The localization nathgives back a nodenumber. This node is
the representative node for that subspace, whiclbeaeen in the figure on the right.

1410 1411
4
[
1407 3
2
= 1408 14091 —
1406 91412
el 1411-°
1405 C 1413 4
1 VA 5 . 3
= = 1407 2 1409,
1404 O— > 1401
1402 1414 TA0S & 01413
6 ) 7
0 1415 1 5
0 | 6 1415,
1403 21403

Fig. 106. Generated network with nodes

3

After retrieving all node positions and calculatitige edge lengths, the generated network
stored as an adjacency list looks as in Figure kDthe following steps this network will be
used in the path finding algorithm and in the vimadion of the route navigation.

> =
G =

b

1401 (1402,9.1), (1403,9.0), (1407,10.9)
1402 (1401,9.1), (1403,9.0), (1407,10.9)
1403 (1402,9.0), (1404,8.0)

1404 (1403,8.0), (1405,2.0), (1409,10.9)
1405 (1404,2.0)

1406 (1407,2.0)

1407 (1402,10.9), (1406,2.0), (1408,9.0)
1408 (1407,9.0), (1409, 8.0)

Fig.107. Example adjacency list

11.1.6 Path finding
By using the A* algorithm in complicated graphsioaof node visits can be avoided as the
search is directed at the target node. Howeverthén current example network for de
Rotterdam only few nodes are available.
If the searched colleague is located at node l#hE3users can be instructed to go to the 14th
floor. It can be assumed that an employee knowsevntiee elevators are, meaning that this
part of the path finding is not necessary. Theeefdhe path finding may start from the
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“elevator-node” 1408 and create a route towarde 4dd3, regardless of the user's position.
Instead of creating one large network for the wholger or building, different network for
different floor levels may be used. Target node3l&lat the 14th floor, meaning that graph
14 can be searched through. Since there is ontgadl amount of nodes per floor level, the
choice of a path finding algorithm will not havesignificant effect on the computation times.
Therefore the Dijkstra algorithm will be used, &ntis the easiest algorithm to implement.

If it is assumed that employees can use stairdasésit colleagues who are 1-2 floors away
from them, the need of a network connecting albifltevels becomes greater. For these
searches, a staircase routing may be computed. \owadter visiting the building, the stairs
are emergency exists and will not be taken intsict@ration as a route.

As the scanner data and thus localization will tee@ssed on the database, the path
finding algorithm will also run on the server siddis means that the algorithm can be run on
most of the languages, and scripting this withmniobile phone application in Android is
not needed. As most of the team is familiar witlthBy, for now a Python script will be used.
A prewritten Dijkstra algorithm scripted in Pythbg David Eppstein (UC Irvine) was used.

Input is in the Adjacency list form, as describedthe chapter Network. Where the

network was previously described as:

G = 1401 (1402,9.1), (1403,9.0), (1407,10.9)
1402 (1401,9.1), (1403,9.0), (1407,10.9)

0 w0

the syntax needs to be adjusted to:
G = {"'"1401"':{"'1402"':9.1,"1403:9.0"', '1407:10.9'},
'1402':{ '1401',9.1,'1403':9.0,'1407"':10.9},

- i}

Running the algorithm with:

ShortestPath(G,1411,1405) with G = the name ogthph,
startnode = 1411 and endnode = 1405

results in ['1411', '1412', '1413', '1414', '14Q9104', '1405']

This is to be expected, as it is the shortest matmputed by choosing the shortest edges (for
example from node 1412 to node 1413 [weight 9.8{ead of node 1407 [weight=15.6]. The
series of nodes, resulting from the Dijkstra algpom, can now be used to navigate the user to
the colleague.

11.1.7ROUTE DESCRIPTION

Once the path from the user towards the colleagisebleen determined, the next step is to
guide the user to the colleague. This can be dgre Houte description or a visualization of
the route. In this section the possibilities ofcaite description in ‘De Rotterdam’ will be
described.

One way to describe the route of a user is by @xpig its path in text, relative to the
observed environment. Examples of this age feft when leaving the elevataor “at the
main entrance, walk straight ahéadAs visible from the above statements, so called
landmarks are needed to clearly describe a routectibns are only meaningful when they
can be related to distinguishable objects which @iser can understand. Examples of
landmarks could be stairs, elevators, corridors jandtions or other objects which can be
identified in an unambiguous way.
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Within ‘De Rotterdam’ some clear landmarks can @enfl. For example the elevator, doors
and some corridors can be used. Possible routeripiest statements and the related
landmarks are shown in the figure below.
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Fig. 108. Possible route description statementetam present landmarks

Left Door

Once the correct floor plan is reached, one cavelélae core of the building either through
the left or the right. A statement could bledve the elevator and go [&fSSince the user
needs to go through a door in order to exit the carsecond statement might lge ‘through
the door and go right” From this point onwards there do not seem to e distinct
landmarks available. Within the work floor, diffateworkspaces are mixed thus no clear
differences in furniture are present. A statementgm right at the meeting rodhmay be
interpreted wrongly if several meeting rooms arespnt. On one side of the building the
staircases may be used as a landmark, although dghesot clearly visible. On the other side,
this is not the case, so describing the routeivelad the corridor may be used, although this
is not very clear. A statement could be “go rightte end of the hallway”. Some photos
inside the building indicating the given statemeares shown below.

— rf;. Sl i . | . = - V
bl l“"w”. \"“ | “ g [N

Fig. 109. Photos ‘de Rotterdam’, arrows indicateit® description statements “left, right,
right”

Other options are using room numbers or metricctivas such asgo straight ahead for 10
meters and go |€ft however these are difficult for the user to éo¥l accurately. It can be
concluded that a text based route description nealydipful to the users, but for certain areas
there might be misunderstanding of the statem@at&nhance the possibilities of navigating
via these statements specific landmarks could lleddr certain areas could be indicated
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with materials/colours. However, assuming the bugdinterior stays as it is, additional
visualization of the route seems to be helpfuh®user.

Another option is to use a route description corabiwith space subdivision. Subspaces
may be defined as “north, east, south & west” wheseh cardinal direction describes a
certain corner of the building. The mobile applicat may accompany the user with a
compass, showing the orientation of the area wtneréarget is situated. However, this option
limits the space subdivision to 4 (n,w,s,e) or $nw,sw,s,se,e,ne) areas. Also, this way of
navigating may not function very intuitively as td@ection of the arrow may point at a
certain direction while the user is supposed to entowards somewhere else. As visible in
figure 40 a user being navigated from the elevator be guided based on the orientation.
However, if the user is not positioned in the m&ddf the floorplan, the cardinal direction
might be confusing or hard to use.

Fig. 110. Navigation based on cardinal direction
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12. Visualization

In order to navigate an employee towards a colleagisualization might be the most direct
way of achieving this. Also, selecting the colleagiiat is being searched should be as easy as
possible. As the employees of the Rotterdam mualitypare granted mobile phones which
run on Android, the application has to be develofwdthis platform. There is no need to
consider iPhones or other mobile platforms. Durinig project, Eclipse was used for the
android application development. This chapter wilirt with a description of the general
functionality of the application. This will be follved by a more detailed description of the
separate components. Pieces of code will be givdiustrate the most important parts of the
process. Larger parts of the code can be foungeimppendix.

12.1. APPLICATION FUNCTIONALITY

As mentioned previously, the main aim of the a@tlan is to navigate a user to another
colleague. Since, there are around 3000 employeeskivg for the municipality of
Rotterdam, all of whom can be present in the offitshould be easy to select the colleague
one is looking for. The first step is to acquire ttmac-addresses of the searching and the
searched colleague. To select the searched coletigel relevant department can be chosen
out of a list of departments. The following steptasselect a colleague that belongs to the
selected department (see Figure 111).

T-Mobile NL ll & A = £ il 12:37 T-Mobile NL& ll A = & W il 237 i Saving screenshot

" Catch-a-Colleague * Catch-a-Colleague " Catch-a-Colleague

For which department are you looking? For which colleague are you looking?

department of Geo Information Damien
Catch-a-Colleague! ) o
department of Geomatics Dimitris

This application is the result of the 2014 Synthesis project department of Civil Affairs Godelief
which is part of the master Geomatics of the TU Delft.

This is a test version. Matilde

Wu

Fig. 111. Main screen, department selection anteeglue selection in mobile application

A connection to the database has to be made irr ¢odeetrieve the mac-address of the
searched colleague. Frequently updating and vaiglahis database with the correct mac-
addresses for each colleague is crucial for thetfomality of the system. Since the users’
location is also required, its mac-address sholsldl lae retrieved. This can be done within the
mobile device itself. Once these values are folnedldcalization script can be requested to
run with the two mac-addresses as input nodedrieve the shortest route (see Figure 112).
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" Catch-a-Colleague

The macaddress of your colleague is:

The colleague you are searching is:

Godelief

8c:3a:e3:32:xx:Xx

Your macaddress is:
8:e0:79:2f:02:45

Get Route Descriptio

T-Mobile NLE2 & Ml A W #£ " 401301

Catch-a-Colleague

The route to your colleague is:
1408, 1409, 1404, 1405

Route description:

Leave the elevator, go to the right

Go through the door and go left
Go to the lockers and turn right
Colleague reached

Show Map

Fig.112. Selection overview and route descriptioresn in mobile application.

These scripts are working on the server side. Aeratible can be queried for all node pairs of
the route, in order to retrieve the route desaiptWhile launching the map view the route is
sent to the Unity application, so it can be rendene the screen.

12.2. DATABASE CONNECTION

To be able to store mac-adresses of all colleaguetatabase is needed. Two tables are

created, one table storing data about departmentsanother table for individual phones.

The following tables have been created via the My8@rkbench.

| at

depid department Created_at Updated_at
1 department of Geo Information 2014-10-21 13:25:55  0000-00-00 00:00:00
2 department of Geomatics 2014-10-21 13:25:%5 @pBoo 00:00:00
3 department of Civil Affairs 2014-10-21 13:25:5% 000-00-00 00:00:00
Table 14. Departments table in MySQL database
phone name macaddress department depid Created_at Updateq
id
1 Rob Poll d3:5h:32:d2:xx:xx department of 2014-10-21 0000-00-00
Geo Information 13:29:51 00:00:00
2 | Geolnfo d3:5h:32:2a:xx:xx| department of 2014-10-21 0000-00-00
Colleague 1 Geo Information 13:29:51 00:00:00
5 Damien 0c:14:20:6e:xx:xx| department of 2014-10-21 0000-00-00
Geomatics 13:29:51 00:00:00
6 Dimitris d4:32:a2:41:xx:xx| department of 2014-10-21 0000-00-00
Geomatics 13:29:51 00:00:00
10 | Civil Affairs f8:€0:79:2f:xx:xx | department of 2014-10-21 0000-00-00
Colleague 1 Civil Affairs 13:29:51 00:00:00
11 | Civil Affairs f8:€0:79:cl:xx:xx | department of 2014-10-21 0000-00-00
Colleague 2 Civil Affairs 13:29:51 00:00:00
Table 15. Phones table in MySQL database
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In order to query these tables from the applicaB&tP is used. The PHP-file is stored on an
external server. The URL to this PHP-file is stoeedl a GET-request is performed on this
URL. A list of JSON strings is returned and theaddy a JSONParser. This is exemplified
in the following code lines (AllPhonesActivity.java

private static Stringurl_all_phones="http://server.kirupa.nl/damien/get_department_iteethp”;
JSONODiject json fParsemakeHttpRequesi(l_all_phones"GET", params);

The php-file queries the database and reads thewvaito a list. This list is then returned to
the GET request. (get_department_details.php, sogpet)

$result = mysqgl_query("SELECT * FROM catchphones BRIE depid = $depid");

In the above example, the query for colleague selecs given. In a similar way but with a
different query, all departments are shown. After ¢olleague selection, its phoneid, name
and mac-address are passed on to the next a¢tNiBhonesActivity.java).

Bundle extras = new Bundle();

extras.putString("TAG_PHONEID",phoneid);

extras.putString("TAG_NAME",name);

extras.putString("TAG_MACADDRESS",macaddress);

Intent in = new Intent(getApplicationContext(),SelectPhoneActivity.class);
in.putExtras(extras);

Retrieving the mac-address of the phone of thesusferourse doesn’t need a database
connection. It can be acquired with the followirggle (SelectPhoneActivity.java).
Bundle extras = getIntent().getExtras();

String macaddress = extras.getString("TAG_MACADDRESS");

WifiManager manager = (WifiManager) getSystemService(Context.WIFI_SERVICE);
WifiInfo info = manager.getConnectionInfo();

String address = info.getMacAddress();

This results in the colleague selection screemplalying the mac-adresses of both the user and
searched colleague.

12.3. PYTHON LOCALIZATION

Since the localization algorithm was written in Ry, a way has to be found to run the code
with the input from the application. One way of mipiso is using a Scripting Layer for
Android (LS4A). However, a web service is the predd option as described previously in
the system architecture. In a similar fashion aspitevious step, a PHP file is called which
calls a python script on a remote server, to ruh Wwio mac-adresses as input.

(java) private static String url_run_python =
"http://server.kirupa.nl/damien/get_python_route.php";
(PHP) $myroute = system('python myscript.py macl mac2', $retval);

The python code consists of the localization atbaniwhich returns a location as a network
node. Running a shortest-path algorithm on thesentvdes will result in a route given as a
sequence of node numbers. When the searchingsueeaiized on a different floor level than
the searched colleague, the shortest path stagtmag be assigned to the ‘elevator-node’. At
this point the user will be instructed to go to thght floor and a route description in language
can be given.
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12.4. ROUTE DESCRIPTION

In the application a sample route description ®8h By creating a database with route
description for each node pair, this descriptionlddoe automatically gathered from just the
node sequence. This method is easy to set up lestrdu take into account the direction in
which a user is walking. The following table shaWws idea.

Routeid Startnode Endnode Route description
1 1408 1409 Leave the elevator and go right
2 1408 1407 Leave the elevator and go left
3 1409 1404 Go through the door and go left
4 1409 1414 Go through the door and go right
5 1407 1402 Go through the door and go right
6 1407 1412 Go through the door and go left
7 1404 1405 Go straight ahead until the lockersgandght
8 1404 1403 Go straight ahead until the lockersganbbft

Table 16. Route description based on node-pairs

This method based on node-pairs is only valid wherstart node is at the elevator node.
When the searching colleague is at the same fta@l b node sequence of 14241409
1404 might be possible. In this case the statefi@@mthrough the door and go left” is not
correct. Taking searching within the same flooeleato account for the route description
means that node-triples can be used to createrstate which are correct in any case. This
idea is shown in the following table.

Routeid | Startnode Middlenode Endnode Route desmnipt
1 1408 1409 1404 Leave the elevator and go right
Go through the door and go left
2 1408 1409 1414 Leave the elevator and go right
Go through the door and go right
3 1414 1409 1404 Go straight ahead until the Iacker
4 1414 1409 141( Go straight ahead and go righttendoors
5 1409 1404 1404 Go straight ahead until the lackad go right
6 1409 1404 1403 Go straight ahead until the Iacked go left

Table 17. Route description based on node-triples

This method is always correct because it takesaotmunt the direction of the user, also in
the case of same floor level searches. Howeverge nstatements need to be stored and
retrieving the right statements takes some morepatation. This part is not implemented in

the application as it is considered of less impuréaand outside the scope of the project.

12.5. UNITY VISUALIZATION

Once the route is known a visualisation which camhthe user with its navigation can be

created. To do so, the route should be rendereédeswmpanied by an illustration of relevant
building parts. This visualisation can be done m 2.5D or 3D, depending on the demands
and the complexity of the building geometry.
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Fig.113. 2D, 2.5D and 3D visualisation of routinghin ‘de Rotterdam’

In the examples above (Figure 113), it is visilblattroutes can be displayed in each of these
options. For a visualisation in 2D, only parts okdloor plan can be shown at a time. This
means that complicated geometry such as heigherdiftes or split levels cannot be
displayed. However, it does depict a clear routkitis easy to run on a mobile application.
The 2.5D visualization can show more complex rquedso in between levels. Height
differences can be shown and several floors cavisualized simultaneously in a clear way.
However, it is quite abstract and not a lot of miation about the building geometry is
shown. Therefore the user might have a hard timeerstanding the showed route.

The most extensive option is to make a 3D visubna depicting (parts of) a 3D-model on
the mobile phone, while rendering nodes and linestap of this. Showing or switching
between different floor levels (visible buildingargs) and levels of detail (layers) belongs to
the possibilities. More information about the binlgl geometry can be shown, which may
help the user. However, it could be heavy to rumabile application.

Some of the floor plans of ‘de Rotterdam’ are caogtéd; there is for instance a split level
with double height. Because of this reason, andgahvith the educational aspect, a 3D
visualization will be made.

To render the geometry and routing, a 3D engineli¢e be used. Based on last year’s
synthesis project, Unity3D is known to be capalleisualizing the geometry and routing.
More importantly, it is compatible with Android dpgations and plenty of documentation is
present. Within Unity3D a scene is to be createdsisting of a 3Dmaodel, lighting, textures,
camera control and a rendered route. The implerientaf these aspects will be explained
below.

12.5.1 Geometry

The municipality of Rotterdam provided the flooap$ of the middle tower in PDF format.
Out of these files the geometry of the facade, syalblumns, doors and furniture could be
extracted. This 2D information was saved as .dxff iamported in Rhino. The 3D-model was
manually created from this point on by turning gadylines into planar surfaces, which can
then be extruded into solids. Some simple shaders wsed to enhance the model. Geometry
was created for the 415" and 18’ floor or de Rotterdam.

There are several options for storing the geométry2 were mostly considered. These are:
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« Store all geometry on the server, where the redquegts can be queried by the

application on run time.
The advantage of this is that the application hdle a much smaller file size.
However, more data transfer will be needed betveeewer and application. In
case of a full building model, this would lead tacessive file sizes. However,
the model created for the three floor plans isweoy rich in semantics nor is it
geometrically detailed.

» A second option is local storing of the geometryttoe phone. To visualize the
route clearly, only the floor plan, on which thesshed colleague is present is
needed. Simple shaders are used to show the difiereetween solid walls
and glass panels and furniture and floor. A pagittlabove the geometry is
used for illumination. This was finally the prefedrmethod.

Fig.114. Overview of the unity scene

The geometry is loaded based on the final nodeglimdare given based on the floor level.

Therefore first node of the T4loor is node 1401 (routeRenderer.js code snippets
var finalFloor : int = (finalNode/100);
for (var geomIndex : int = 14; geomIndex < 17; geomIndex++)
{if (finalFloor != geomIndex)
{var tempGeom : GameObject = GameObject.Find("RdamFloor"
+ geomIndex); tempGeom.SetActive (false);}

If the final node is 1405, the node is presentfm]téih floor (final floor). All geometry is
looped to check if the name matches RdamFloorlthidfis not true, the geometry is set to
not active.

12.5.2 Camera control

The camera determines which part of the geometwsible and in what way. In our case a
bird’'s eye view perspective is chosen as it credted most oversight of the building.
Although the entire floor plan is visible from thatial view, users may wish to change the
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camera position in order to get more informationtled building geometry. This camera
control can be implemented in different ways:

e A good solution could have been touch-screen swgipand zooming.
However, when this was implemented it resulted nexpected behaviour as
the camera was often shaking for a non-moving touch

* Another option is using buttons as joysticks, pagrand rotating the model by
pressing a certain part of the joystick. Althoulgls tmay be a functional option
it doesn’t seem very intuitive to use and requi@se explanation for the user.

« Finally it was decided to use simple zooming andngag buttons, on each
click the camera’s x, y or z position is alteredagingle step size. The step
size was made dependant on the camera height, mgetrat a zoomed out
camera will be moving more distance with each cli€kis way, not many
clicks are needed to get back to a more detailed.vi

This last option can be understood by the followgnde (rightButtonScript.js)

var currentX : float = Camera.main.transform.position.x;

var currentY :float = Camera.main.transform.position.y;

var currentZ :float = Camera.main.transform.position.z;

var stepSize : float = 30/currenty;

Camera.main.transform.position = Vector3(currentX+stepSize, currentY, currentZ);

Similar code is used in all zoom and pan buttongeate a simple way to navigate through
the geometry. A better implementation might bedom the camera to a certain node, and
using the left/right/up/down buttons to move al@ulges to other nodes. This method,
however, only makes sense in an orthogonal network.

NodelD X z

12.5.3 Route renderer 1401 553 4.03’ 7o

: : . 1402 07.6 4.0 13.0

The aim of the route renderer is to display thetecan the[ 1403 07.6 20 | 210
screen. A route array may look like [1408, 140909,41404] [ 1404 07.6 4.0 29.0
meaning the starting node is 1408 and colleaglecated at| 1405 07.6 4.0 31.0
node 1404. The first step is to loop through thayaand to| 1406 18.5 4.0 11.0
retrieve the node positions from a text-file. Thle may be | 1407 185 | 40 | 13.0
stored on a database, to enable updates on themketw this iigg 12'2 3'8 ;;8
version, how_ever, the node positions are s_toredlly)o_n the 1410 185 2.0 310
phone. Relative to the geometry the file-size déxt-file is 7211 34.0 2.0 11.0
not significant. The node positions table is shanrthe right.[ 1412 34.0 4.0 13.0
Horizontal positions are indicated by the x- and/atues,| 1413 34.0 4.0 21.0
vertical positions are set above the floor plarhwitvalues of| 1414 34.0 40 | 9.0
4 (see table 18). 1415 34.0 4.0 36.0

Table 18. Node positions floor

Looping through all route nodes returns a routatjposarray, in this case:
[[18.5,4.0,21.0],[18.5,4.0,31.0],[07.6,4.0,29.0],[07.6,4.0,31.0]]

Then this array is split up into pairs, resultinghe start- and end node of individual line
segments.
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Pairl = [18.5,4.0,21.0] > [18.5,4.0,31.0]
Pair2 = [18.5,4.0,31.0] > [07.6,4.0,29.0]
Pair3 = [07.6,4.0,29.0] > [07.6,4.0,31.0]

For each of the line segments a new GameObjecadero which a line renderer is added.
Then the start and end node are set for eachdigment (routeRenderer.|s).

var pairStart : Vector3 = routeVectorArray[index];

var pairEnd : Vector3 = routeVectorArray[index+1];

var tempObject : GameObject = new GameObject();

var renderer : LineRenderer = tempObject.AddComponent(LineRenderer);
renderer.SetVertexCount(2);

renderer.SetPosition(@, pairStart);

renderer.SetPosition(1, pairEnd);

In a similar way all nodes are also looped throagt spheres are placed on their positions.
The starting node is set to blue, the middle naaleswhite and the final node is green.
Further guidance could be given as text stateminthe screen or highlighting of the
subdivision of the colleague’s location. Howevence employees will be familiar with the
indoor environment this simple route is considecede sufficient for navigation purposes.

Fig.115. Table of node positions on floor 14

12.5.4 Integration of Unity within Android

In order to launch Unity from within the androidpdipation, some integration is necessary.
The Unity project can be exported as an androigeptds several ways. This project can then
be used as a library for the application. The aiddapplication activity may then extend on
the UnityPlayerNativeActivity library as shown beloThe route array which is received in
the Android application can be communicated throtagbinity. To achieve this, the name of
the game object, the variable name and the acattegt are given (MapViewActivity.java).

public class MapViewActivity extends UnityPlayerNativeActivity {

UnityPlayer.UnitySendMessage("Point light", "routeArray", "[1408,
1409, 1405, 14041");

}
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Currently the Unity application is functioning ots iown within Eclipse. However, when
activity extends on the UnityPlayerNativeActivitihis results in a OpenGL called out of
context error. Until the final version of the repa@fforts will be made to solve this problem.

12.6. CONSIDERATIONS

Simple solutions were developed in order to shasvrtiute and move through the geometry.
Since the floor plan fits on a phone screen inrgelaenough scale, these solutions were
adequate to communicate the route to the usenvelt the building geometry. In larger or
more complicated building parts however, more sstjd@ted control for the camera may be
required for an user friendly application.

Based on the accuracy of the localization methbdwsng a single node as final destination
might be misleading. As the localization methodnp®itowards a certain subdivision of the
building, a good option may be to integrate thedstibions into the building geometry. This
way, parts of the floor could be highlighted by aaing or illumination, illustrating the
expected presence of the searched colleague. Sh@&docalization methods have an
acceptable accuracy when the first and second @slmi estimates are combined, showing
both of these areas in the application makes sefswever, as the research on the
subdivision was performed simultaneously with theualisation development there was no
time to further research this option during thisject.

Options for a route description based on node-aitaples have been discussed. Since most
users will be familiar with the building, fast reutisualization will be most effective in
showing the colleagues location. For indoor enviments with complex spaces route
descriptions may be of benefit to the user.

Considering the concept system architecture, asiasdegure 10, a few changes have
been made for the real implementation. In the get@pthe scanner data is not real time
dynamic data, but data gathered after two dayssting in ‘De Rotterdam’ building. The
connectivity data, which contains the network,as$ stored as a table in the database. The
geometry, which contains the manual made 3D maslstpred locally on the smartphone.

Component | Implementation

STORAGE: external server

SQL Database MySQL Workbench stored on externakser
Scanner data Not real-time data

Employee data Department & colleague table,

MAC-addresses linked to colleagues

MIDDLE WARE: Web service on external server

Location algorithm Fingerprinting & Multi-lateratiocalling the database

Path finding algorithm Dijkstra

THIN CLIENT: Locally stored

3D rendering Unity3D
Smartphone application Android application runnittdP-files
Geometry Geometry stored on smartphone

Table 18. Implementations of the components iptbttype
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In general it can be concluded that the challerd&seating an indoor navigation application
do not lie in the loose components. The integratibtine system requires both some technical
knowledge and resources. Communicating betweeardift parts of the system is crucial to
create an user friendly application. However, depiglg the layout and visualization should
not solely focus on user friendliness but also esent the underlying process so that the
outcome is not misleading to the user.
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Conclusions

The project at hand tries to achieve a completeitisol to the problem faced by the
Municipality of Rotterdam. The motivation for theeated application was for an employee to
be able to find the colleagues in the massive mglaf ‘De Rotterdam’. The application
consists of a localization, a navigation and a alization component. The research question
focuses mainly on the localization component, tithase components are connected to each
other and influence the question.

The research question was: To which extent isgsiibe to localize a colleague using Wi-
Fi Monitoring on a single floor level in ‘De Rott&am’ building?

This relates to the space subdivision, scanneepiaat, localization and the extraction of
a navigable network. They interact with each otred one general solution cannot be drawn.
The way each of them is defined determines thetime the other one should follow in the
search for a best outcome.

The greatest impeding factor in achieving a bdtigrerfect result for the localization,
is that the physical world environment interactthwihe signals received by the scanners. The
physical environment, or building geometry, hasuehce on the scanner range. For example,
the concrete building core blocks the signal, malth and noise can arise due to the materials
of furniture, walls and other attenuation factdrkis leads to the decision: you either need to
model the environment, or neglect it. This alsates to the scanner placement and the
number of scanners used. If you choose to not ntbdetnvironment, the scanner placement
becomes much more important. The scanners’ cogeaegn but also the discreteness of the
areas they each cover may dictate the outcomeeafdta collection.

The space subdivision is dependent on the accurfaitye localization method that the
application tries to achieve. At the same time,rthmber of subspaces and the way the space
is divided has an effect on the localization method

The data collected for the localization methodsseiad only of the RSSI values
received by the scanners. These values can be aousigis far as relating them to distance,
but can be still used as indicators. The multiEtien method described tries to exploit this
fact and to some extent it succeeds. For the ratdtibn the results are that 6 out of 10 times
a device is correctly localized within a subdivisiand that result rises to 9 out of 10 times
success, when the next possible subdivision isided in the solution.

Wi-Fi fingerprinting has a better performance idoor localization since it does not
use any mathematical method to model the physioat@ment. Instead, it collects samples
and uses them as a-priori knowledge to derive atisol However, the heat maps it creates
highly rely on the specific set-up, from the plaesiof the scanners to the interiors indoor.
Every time an element of the set-up changes, tteerdzed to be recollected to update the heat
maps, which can be very labor-intensive and timesaming. The results of the
fingerprinting are that 6 out of 7 times a colleagsilocalized correctly.

Related the results to the research question,xtenteto which localization can be achieved
varies depending on the localization method chdmémalso the subdivision precision to be
expressed to the user. Given a subdivision thatatly segments the physical environment
into neither too many nor too few subdivisions,displayed as a second option. Wi-Fi
fingerprinting is more promising because it carcheap to 100% success rate, given a better
testing phase is performed beforehand.

With respect to the space subdivision, two differgpace subdivisions have been
implemented: the intuitive space subdivision areldhtomatic space subdivision. In the end,
the intuitive space subdivision seems to be thet maisable for being used to navigate the
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user in the building, since it is based on the asaigspace. Therefore, the intuitive space
subdivision has proven to be more human-underatdadecause the different subspaces are
created in a way that is comprehensible and lodaxahumans to understand. In fact, once
the user is navigated to a certain node in thedimg| he/she can easily look around in the
subspace, where the node is located, to try toHisther colleague.

Within this project, eight different subspaces wemnsidered to be a fair compromise,
considering the localization which is not accurat@ugh to localize a person inside a room.
With a much more accurate localization, the sulsitvi could be more detailed.

For the navigation component, in total three neksdrave been implemented: the manual
network, the semi-automatic network and the autamiaetwork. By comparing all the
different networks with each other, in the end thanual network seems to be the most
effective since it can be easily adapted to theadaristics of the building. In fact, the
manual network has been drawn manually conside¢n@gavigable spaces, where people can
walk through, the rooms and the obstacles. In tite the network is rather coarse, which
relates to the localization accuracy. Since thé&dmg mainly consist of open spaces and glass
walls, the user, once navigated to a certain noale easily look for his/her colleague. Further
investigation might be performed in order to autboadly achieve a network that does not
cross obstacles and does not contain too many waaehl are not needed for the navigation.

With respect to the application, it can be conctutteat for creating an user friendly and
reliable indoor navigation application, the intdgra between the different components is
crucial.
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Recommendations

For further research, a few considerations carakentinto account. For example the indoor
localization, by using four Meshlium scanners, rhaymproved by:
¢ In depth research on scanner hardware
With more knowledge about the hardware used, @iffescanner layouts can
be taken into consideration
e Gathering more testing data
By doing more tests, more data can be gatheredwdaic be used for the Wi-
Fi fingerprinting. With more data, better heatmaps be created and the
localization will be more reliable.
e Adjusting scanner layout for a specific localizatimethod
The scanner layout relates to a localization method
e Adjusting space subdivision based on method, lagodtapplication
The space subdivision can increase the localizattonracy.
e Testing floor level separation
Especially for ‘De Rotterdam’building with its mafigors, testing floor level
separation is important, since colleagues can waorifferent floors. It is
important to know if the floors will block the sighof the Meshlium scanners.
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Appendix

APPENDIX 1. ANALYSIS OF THE TESTS IN THE FACULTY ORRCHITECTURE
The set- up of the test was as follows: one scawasrplaced in an open space, while two
team members walked with two smartphones, in tWferéint directions away from the
scanner to the fixed points (see the blue and pyalhs). At every point stayed the team
members there for 5 minutes, while placing the gham the table.

PHONE 1:
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‘
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Fig. 116. Set-up Test 1

For test two four phones were used and the sante was traversed three times. After the

first cycle was noticed that the two other Andrsidartphones were detected less, so for the
second and the third cycle only the two smartpharidbe same brand and type were used,
that were also used for test 1 and 2.
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PHONE 1:
F8:E0:79:2F:02:45 F
PHONE 2:
F8:E0:79:C1:9F:DA <
® ©; —0— o«
<
& 1) o
L 4 [ I
1% i E Toier ]
TEST 2: INFLUENCE OF OBSTACLES YT l
VARYING TIME INTERVAL

1. 15.09- 15.15 DOOR OPEN E:_l7 —+

1. 15.15- 15.20 DOOR CLOSED B

2. 15.20 -15.28
3. 15.28- 15.33
4. 15.34- 15.40
5. 15.40- 15.47 o
6. 15.48- 15.54

Fig. 117. Set- up test

Prone 1:F8:E0:79:2F:02:45 SCANNER30
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PHONE 3 AND PHONE 4
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8E®@@@©©_Q@t3

1 11 e
v T B Tolet
TEST 3: THE STABILITY OF THE =%Pﬂk
SIGNAL STRENGTH . . C)
5 MIN. TIME INTERVAL - -+
CvycLe 1: 14.23- 15.38
CycLE 2: 15.40- 16.55 @
CvcLE 3: 16.58 -18.15 %}ﬂﬂ
©
. @
J|
SCANNER121
Toiletr. - \‘
T L
Toiletr. | |
=
1000 (Wal 7
Fig. 118. Set- up test 3
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Test 3, all cycles- total AVG RSSI
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Mesh 553:
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APPENDIX 2. TESTS ‘DE ROTTERDAM’ RESULTS

Appendix |

Average RSSI values and their counts of layoufifss test

No. AVG COUNT No. AVG COUNT No. AVG COUNT No. AVG GUNT
1 35.8667 30 1 10.6111 9 1 0 0 1 26.7048 26
2 24.5556 27 2 24.3296 29 2 0 0 2 23.3333 3
3 27.3981 26 3 22.9101 25 3 0 0 3 26.7667 28
4 27.6778 29 4 15.8571 16 4 6 2 4 30 27
5 18.6667 27 5 0 0 5 5.0298 22 5 34.963 27
6 3.5333 15 6 0 0 6 9.9714 27 6 27.0148 26
7 6 2 7 19.6667 7 7 15.3796 26 7 18.3667 15
8 4.7976 24 8 22.037 26 8.7926 25 8 2.3333 1
9 11.7074 26 9 33.4667 30 10.6296 27 9 0 0
10 6.9716 24 10 33.2222 27 10 5.3241 19 10 0 0
11 4.3333 24 11 36.2222 27 11 19.1074 29 11 0 0
12 0 0 12 30.8 30 12 19.7361 26 12 0 0
13 0 0 13 25.3333 24 13 22.8 30 13 18.8889 7
14 0 0 14 2 1 14 19.6944 26 14 19.33 24
15 0 0 15 20.3333 24 15 30.2 30 15 11.6667 2
16 0 0 16 21.3095 27 16 33.8889 27 16 0 0
17 33 30 17 24.8565 26 17 0.5556 3 17 23.7407 29
18 34.5556 27 18 17.9348 476 18 0.3333 1 18 21.6435 23
19 15.3386 25 19 0 0 19 7.2269 26 19 34.4 30
20 4.619 22 20 29.1667 5 20 12.4028 26 20 27.8333 24
21 0.3333 2 21 32.1481 26 21 20.9954 26 21 0 0
22 0 1 22 32 27 22 18.4333 30 22 0 0

(a) Mesh121

* Yellow rows indicate locations where the thre@pbs were scanned less than ten times in totalarfite minutes

(b)$v1809

(c) Mesh553

(d) Mesh678




Appendix |

Average RSSI values and their counts of layous#&tond test

No. AVG COUNT No. AVG COUNT No. AVG COUNT No. AVG GUNT
1 37.4074 27 1 19.0167 10 1 3 1 1 25.0741 27
2 22.1667 30 2 28.2333 30 2 1.1667 2 2 25.6667 3
3 27.4815 27 3 27.5873 25 3 0 0 3 23.662 26
4 22.7111 29 4 11.6667 2 4 7.5 4 4 30.1 30
5 15.7407 26 5 0 0 5 8.2222 22 5 33.4815 27
6 3.0893 23 6 13 2 6 12.2667 30 6 27.1889 29
7 3 2 7 18.0926 17 7 16.7989 25 7 19.2286 19
8 2.4444 10 8 17.9306 21 8 6.8333 15 8 0 0
9 12.8426 26 9 29.3704 25 9 5.7111 15 9 0 0
10 9.0985 24 10 32.0667 30 10 2 5 10 0 0
11 3.1429 17 11 35.3704 27 11 18.444 27 11 0 0
12 0 0 12 25.6667 27 12 22.7667 30 12 0 0
13 0 0 13 24.1549 31 13 22.4333 32 13 15.8611 9
14 0 0 14 22.6667 3 14 20.5159 20 14 19.97672 19
15 0 0 15 20.463 24 15 33.16671 30 15 0 0
16 22.6667 6 16 19.2593 23 16 30.5556 27 16 26.1667 4
17 31.1231 22 17 23.506 17 17 0 0 17 22.2381 17
18 33.6667 27 18 18.3995 22 18 3 3 18 21.5417 22
19 16.9 30 19 0 0 19 10.2917 26 19 34.4 30
20 3.5635 24 20 0 0 20 10.8333 28 20 25.66671 27
21 0 0 21 30.9593 23 21 18.6444 23 21 0 0
22 0 0 22 31.5648 26 22 18.1852 27 22 0 0

(a) Mesh121

* Yellow rows indicate locations where the thre@pés were scanned less than ten times in totalarfite minutes

(b) 311809
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(c) Mesh553

(d) Mesh678
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Appendix |

Average RSSI values and their counts of layoufigss test

No. AVG COUNT No. AVG COUNT No. AVG COUNT No. AVG GUNT

1 37.962963 27 1 18.64881 23 1 0 0 1 29.115741 26

2 40.9 30 2 33.266667 30 2 13 6 2 19.444444 27

3 39.037037 27 3 29.259250 27 3 6 1 3 30.244444 29

4 35.7 30 4 11.808333 13 4 19.333333 2 4 32.703704 27

5 33.953704 26 5 4 2 5 24.202778 27 5 37.266647 30

6 19.875 23 6 0 0 6 30.259259 27 6 32.814815 27

7 16.155556 29 7 19.285714 21 7 31.194444 26 7 1881 27

8 17.24537 25 8 21.51190p 23 8 21.736111 22 8 131 28

9 25.333333 30 9 32.333333 29 9 17.1111311 13 9 26832 25
10 29.398148 26 10 42 27 10 21.126984 25 10 440740 25

11 27.37037 27 11 45.259259 27 11 31.111111 21 11 .2888889 23
12 10.783333 28 12 29.966647 28 12 35.703704 21 12 6.662037 24
13 6.3657407 25 13 28.6931232 25 13 43.033333 3( 13 20.433333 29
14 2.662037 26 14 22 4 14 35.259259 27 14 18.777718 27
15 2.5666667 13 15 21.802249 24 15 36 30 15 13666 29

16 3.2916667 14 16 23.986111 26 16 33.740741 21 16 13.203704 24
17 43.666667 30 17 23.941647 28 17 0 0 17 27.819444 26
18 39.074074 27 18 20.825397 25 18 0 0 18 29.2 30
19 26.366667 30 19 0 0 19 19.285714 19 19 38.074074 27
20 14.592593 27 20 29.5 4 20 24.481481 27 20 33.666667 27
21 17.595238 84 21 31.833333 30 21 26.159188 74 21 26.144349 81
22 14.9 30 22 34.688889 29 22 29.833333 26 22 5e32 25

* Yellow rows indicate locations where the thre@pés were scanned less than ten times in totalarfite minutes
(a) Mesh121 (b)sri809 (c) Mesh553 (d) Mesh678
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Appendix |

Average RSSI values and their counts of layous2tond test

No. AVG COUNT No. AVG COUNT No. AVG COUNT No. AVG GUNT
1 35.592593 27 1 22.655556 16 1 1 1 1 30 30
2 37.62963 27 2 33.9 30 2 9.8333333 3 2 18.097222 26
3 40.966667 30 3 24.629108 426 3 2 1 3 29.851852 27
4 35.333333 27 4 24.208333 140 4 7.3333333 1 4 33.466667 30
5 32.8 30 5 0 0 5 24.740741 27 5 44.592593 27
6 16.888889 27 6 12.333333 3 6 32.733333 30 6 36.9 30
7 13.875 26 7 18.75 20 7 32.460317 25 7 25703704 7 2
8 12.533333 30 8 21.22222p 25 8 22.416467 22 8 48648 26
9 34.148148 27 9 34.28148]1 28 9 18.761905 20 9 0BT® 28
10 24.933333 30 10 46.925976 27 10 26.648148 23 10 3.5119048 22
11 23.851852 27 11 46.592593 27 11 36.555556 21 11 3.6686508 24
12 11.777778 27 12 36.533333 30 12 41.466667 29 12 7.125 26
13 3.8490741 27 13 29.189815 26 13 55 27 13 222872 26
14 3.2 19 14 21.025 27 14 39.9 30 14 19.840741 29
15 4.5846561 22 15 27.1527718 26 15 41.5185%19 21 1% 16.884259 26
16 4.8118687 28 16 29.236364 31 16 38.515152 33 16 12.787879 33
17 38.37037 27 17 25511111 29 17 3 1 17 28.066667 30
18 41.466667 29 18 22.62963 26 18 0 0 18 26.018519 26
19 26.222222 27 19 20.333333 3 19 21.422619 23 19 35.666667 30
20 16.282407 26 20 0 0 20 22.435185 24 20 36.444444 27
21 13.114815 29 21 34.800926 25 21 31.522222 29 21 10.050926 25
22 13.62963 27 22 34.592593 27 22 30.069444 24 22 .9608175 23

(a) Mesh121

* Yellow rows indicate locations where the thre@pés were scanned less than ten times in totalarfite minutes

(b) 311809

(c) Mesh553
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AppendixII

Average RSSI values and their counts of layous2tond test

Test 1 Test 2 AVG Test 1 Test 2 AVG Test 1 Test VCGA Test 1 Test 2 AVG
35.8667 37.4074 36.637 10.6111 19.0167 0 0 3 0 26.7048 25.0741| 25.8894
24.5556 22.1667 23.3611 24.3296 28.2383 26.2815 0 1.1667 0 23.3333 | 25.6667 0
27.3981 27.4815 27.4398 22.9101 27.5873 25.2487 0 0 0 26.7667 23.662 | 252144
27.6778 22.7111 25.1944 15.857| 11.6667 0 6 7.5 0 30 30.1 30.05
18.6667 15.7407 17.2037 0 0 0 5.0298 8.2222 6.626 34.963 33.4815| 34.2222
3.5333 3.0893 3.3113 0 13 0 9.9714 12.2667 | 11.119 27.0148 27.1889| 27.1019
6 3 0 19.6667 18.0926 0 15.3796 16.7989| 16.0893 18.3667 19.2286| 18.7976
4.7976 2.4444 3.621 22.037 17.9306 19.9838 8.7926 6.8333 7.813 2.3333 0 0
11.7074 12.8426 12.275 33.466) 29.3704 31.4185 10.6296 5.7111 8.1704 0 0 0
6.9716 9.0985 8.0351 33.2222 32.0667 32.6444 5.3241 2 0 0 0 0
4.3333 3.1429 3.7381 36.2222 35.3704 35.7963 19.1074 18.4444| 18.7759 0 0 0
0 0 0 30.8 25.6667| 28.2333 19.7361 22.7667| 21.2514 0 0 0
0 0 0 25.3333 24.1549| 924.7441 22.8 224333 | 226167 18.8889 | 15.8611 0
0 0 0 2 22.6667 0 19.6944 20.5159| 20.1052 19.33 19.9762 | 19.6531
0 0 0 20.3333 20.463 | 20.3981 30.2 33.1667 | 31.6833 11.6667 0 0
0 22.6667 0 21.3095 19.2593 20.2844 33.8889 30.5556 | 32.2222 0 26.1667 0
33 31.1231 32.0616 24.85641 23.506 24.1812 0.5556 0 0 23.7407 22.2381| 22.9894
34.5556 33.6667 34.1111 17.9348 18.3995 18.1671 0.3333 3 0 21.6435 21.5417| 21.5926
15.3386 16.9 16.1193 0 0 0 7.2269 10.2917| 8.7593 34.4 34.4 34.4
4.619 3.5635 4.0913 29.1667 0 0 12.4028 10.8333| 11.6181 27.8333 25.6667 26.75
0.3333 0 0 32.1481 30.9593| 31.5537 20.9954 18.6444| 19.8199 0 0 0
0 0 0 32 31.5648 | 31.7824 18.4333 18.1852| 18.3093 0 0 0

* Yellow cells indicate locations where the thrdepes were scanned less than ten times in totakifive minutes

(a) Mesh121 (b) M289 (c) Mesh553 (d) Mesh678
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Appendix Il

Final input data of layoutl in 4 by 4 grid

Matilde Oliveti| Godelief Abhilakh Missier| Damiéviulder| Dimitris Zervakis| Haoxiang Wu

Synthesis Project De Rotterdam 2014:

No. X y AVG No. X y AVG No. X y AVG No. X y AVG
1 2 2 36.637 1 2 2 0 1 2 2 0 1 2 2 25.8894
2 4 4 23.3611 2 4 4 26.2815 2 4 4 0 2 4 4 0
3 2 4 27.4398 3 2 4 25.2487 3 2 4 0 3 2 4 25.2144
4 2 6 25.1944 4 2 6 0 4 2 6 0 4 2 6 30.05
5 2 8 17.2037 5 2 8 0 5 2 8 6.626 5 2 8 34.2222
6 4 8 3.3113 6 4 8 0 6 4 8 11.119 6 4 8 27.1019
7 5 8 0 7 5 8 0 7 5 8 16.0893 7 5 8 18.7976
8 5 6 3.621 8 5 6 19.9838 8 5 6 7.813 8 5 6 0
9 5 4 12.275 9 5 4 31.4185 9 5 4 8.1704 9 5 4 0
10 7 4 8.0351 10 7 4 32.6444 10 7 4 0 10 7 4 0
11 9 4 3.7381 11 9 4 35.7963 11 9 4 18.7759 11 9 4 0
12 9 6 0 12 9 6 28.2333 12 9 6 21.2514 12 9 6 0
13 9 8 0 13 9 8 24.7441 13 9 8 22.6167 13 9 8 0
14 7 8 0 14 7 8 0 14 7 8 20.1052 14 7 8 19.6531
15 9 10 0 15 9 10 20.3981 15 9 10 31.6833 15 9 10 0
16 9 12 0 16 9 12 20.2844 16 9 12 32.2222 16 9 12 0
17 1 5 32.0616 17 1 5 24.1812 17 1 5 0 17 1 5 22.9894
18 2 3 34.1111 18 2 3 18.1672 18 2 3 0 18 2 3 21.5926
19 3 9 16.1193 19 3 9 0 19 3 9 8.7593 19 3 9 34.4
20 4 9 4.0913 20 4 9 0 20 4 9 11.6181 20 4 9 26.75
21 10 6 0 21 10 6 31.5537 21 10 6 19.8199 21 10 6 0
22 10 5 0 22 10 5 31.7824 22 1( 5 18.3093 2 10 0
(a) Mesh121 (b)s¥809 (c) Mesh553 (d) Mesh678
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Appendix Il

Final input data of layoutl in 2 by 2 grid

Synthesis Project De Rotterdam 2014:

Matilde Oliveti| Godelief Abhilakh Missier| Damiéviulder| Dimitris Zervakis| Haoxiang Wu

No. X y AVG No. X y AVG No. X y AVG No. X y AVG
1 4 36.637 1 4 4 0 1 4 4 0 1 4 4 25.8894
2 7 8 23.3611 2 7 8 26.2815 2 7 8 0 2 7 8 0
3 4 8 27.4398 3 4 8 25.2487 3 4 8 0 3 4 8 25.2144
4 4 11 25.1944 4 4 11 0 4 4 11 0 4 4 11 30.05
5 4 15 17.2037 5 4 15 0 5 4 15 6.626 5 4 15 34.2222
6 7 15 3.3113 6 7 15 0 6 7 15 11.119 6 7 15 27.1019
7 10 15 0 7 10 15 0 7 10 15 16.0893 7 10 15 18.7976
8 10 11 3.621 8 10 11 19.9838 8 10 11 7.813 8 10 11 0
9 10 8 12.275 9 10 8 31.4185 9 10 8 8.1704 9 10 8 0
10 14 8.0351 10 14 8 32.6444 10 14 8 0 10 14 0
11 18 3.7381 11 18 35.7963 11 18 18.7759 11 18 0
12 18 11 0 12 18 11 28.2333 12 18 11 21.2514 12 18 11 0
13 18 15 0 13 18 15 24.7441 13 18 15 22.6167 13 18 15 0
14 14 15 0 14 14 15 0 14 14 15 20.1052 14 14 15 19.6531
15 18 19 0 15 18 19 20.3981 15 18 19 31.6833 15 18 19 0
16 18 23 0 16 18 23 20.2844 16 18 23 32.2222 16 18 23 0
17 2 9 32.0616 17 2 9 24,1812 17 2 9 0 17 2 9 22.9894
18 3 5 34.1111 18 3 5 18.1672 18 3 5 0 18 3 5 21.5926
19 6 17 16.1193 19 6 17 0 19 6 17 8.7593 19 6 17 34.4
20 8 17 4.0913 20 8 17 0 20 8 17 11.6181 20 8 17 26.75
21 20 12 0 21 20 12 31.5537 21 20 12 19.8199 21 20 12 0
22 20 10 0 22 20 10 31.7824 22 20 D 18.30P3 P2 20 10
(a) Mesh121 (b)3¥1809 (c) Mesh553 (d) Mesh678
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Appendix Il
Final input data of layout? in 4 by 4 grid

Matilde Oliveti| Godelief Abhilakh Missier| Damiéviulder| Dimitris Zervakis| Haoxiang Wu

Synthesis Project De Rotterdam 2014:

No. X y AVG No. X y AVG No. X y AVG No. X y AVG
1 2 2 36.7778 1 2 2 20.6522 1 2 2 0 1 2 2 29.5579
2 4 4 39.2648 2 4 4 33.5833 2 4 4 0 2 4 4 18.7708
3 2 4 40.0019 3 2 4 26.9442 3 2 4 0 3 2 4 30.0481
4 2 6 35.5167 4 2 6 18.0083 4 2 6 0 4 2 6 33.0852
5 2 8 33.3769 5 2 8 0 5 2 8 24.4718 5 2 8 40.9296
6 4 8 18.3819 6 4 8 0 6 4 8 31.4963 6 4 8 34.8574
7 5 8 15.0153 7 5 8 19.0179 7 5 8 31.8274 7 5 8 27.1111
8 5 6 14.8894 8 5 6 21.3671 8 5 6 22.0764 8 5 6 16.9815
9 5 4 29.7407 9 5 4 33.3074 9 5 4 17.9365 9 5 4 12.0653
10 7 4 27.1657 10 7 4 44.463 10 7 4 23.8876 10 7 4 3.9597
11 9 4 25.6111 11 9 4 45.9259 11 9 4 33.8333 11 9 4 2.9788
12 9 6 11.2806 12 9 6 33.25 12 9 6 38.5852 12 9 6 6.8935
13 9 8 5.1074 13 9 8 28.9415 13 9 8 49.0167 13 9 8 21.2653
14 7 8 2.931 14 7 8 0 14 7 8 37.5796 14 7 8 19.3093
15 9 10 3.5757 15 9 10 24.4775 15 9 10 38.7593 15 9 10 15.3755
16 9 12 4.0518 16 9 12 | 26.6112 16 9 12 36.1279 16 9 12 12.9958
17 1 5 41.0185 17 1 5 24.7264 17 1 5 0 17 1 5 27.9431
18 2 3 40.2704 18 2 3 21.7275 18 2 3 0 18 2 3 27.6093
19 3 9 26.2944 19 3 9 0 19 3 9 20.3542 19 3 9 36.8704
20 4 9 15.4375 20 4 9 0 20 4 9 23.4583 20 4 9 35.0556
21 10 6 15.355 21 10 6 33.3171 21 10 6 28.8407 21 10 6 18.0976
22 10 5 14.2648 22 10 5 34.6407 2D 10 g 29.9514 22 10 5 5.0866
(a) Mesh121 (bedh309 (c) Mesh553 (d) Mesh678
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Appendix Il
Final input data of layout2 in 2 by 2 grid

Synthesis Project De Rotterdam 2014:
Matilde Oliveti| Godelief Abhilakh Missier| Damiéviulder| Dimitris Zervakis| Haoxiang Wu

No. X y AVG No. X y AVG No. X y AVG No. X y AVG
1 4 4 36.7778 1 4 4 | 20.6522 1 4 4 0 1 4 4 29.5579
2 7 8 39.2648 2 7 8 | 33.5833 2 7 8 0 2 7 8 18.7708
3 4 8 40.0019 3 4 8 | 26.9442 3 4 8 0 3 4 8 30.0481
4 4 11 35.5167 4 4 11 | 18.0083 4 4 11 0 4 4 11 33.0852
5 4 15 33.3769 5 4 15 0 5 4 15 24.4718 5 4 15 40.9296
6 7 15 18.3819 6 7 15 0 6 7 15 31.4963 6 7 15 34.8574
7 10 15 15.0153 7 10 15 | 19.0179 7 10 15 31.8274 7 10 15 27.1111
8 10 11 14.8894 8 10 11 | 21.3671 8 10 11 22.0764 8 10 11 16.9815
9 10 8 29.7407 9 10 8 33.3074 9 10 8 17.9365 9 10 8 12.0653
10 14 27.1657 10 14 8 44.463 10 14 8 23.8876 10 14 8 3.9597
11 18 25.6111 11 18 45.9259 11 18 33.8333 11 18 2.9788
12 18 11 11.2806 12 18 11 33.25 12 18 11 38.5852 12 18 11 6.8935
13 18 15 5.1074 13 18 15 | 28.9415 13 18 15 49.0167 13 18 15 21.2653
14 14 15 2.931 14 14 15 0 14 14 15 37.5796 14 14 15 19.3093
15 18 19 3.5757 15 18 19 | 24.4775 15 18 19 38.7593 15 18 19 15.3755
16 18 23 4.0518 16 18 23 | 26.6112 16 18 23 36.1279 16 18 23 12.9958
17 2 9 41.0185 17 2 9 24.7264 17 2 9 0 17 2 9 27.9431
18 3 5 40.2704 18 3 5 | 21.7275 18 3 5 0 18 3 5 27.6093
19 6 17 26.2944 19 6 17 0 19 6 17 20.3542 19 6 17 36.8704
20 8 17 15.4375 20 8 17 0 20 8 17 23.4583 20 8 17 35.0556
21 20 12 15.355 21 20 12 | 333171 21 20 12 28.8407 21 20 12 18.0976
22 20 10 14.2648 22 20 10 34.640 0 29.9514| 22 20 10 5.0866
(a) Mesh121 (b)3¥1809 (c) Mesh553 (d) Mesh678
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APPENDIX 3. SPACE SUBDIVISION

Python 2.7 code for the Semi- automatic space sigoin

import shapefile
import shapely

def subdivision():
from shapely.geometry import Point,LineStringygon

fh = open ("newtriangulation2.1.node")
contentsnode = fh.readlines()[1:]
fh.close()
index_list =]
for line in contentsnode:
if line.startswith("#"):
continue
else:
linesplit = line[8:].split(" ™)
x = (linesplit[0])
y = (linesplit[1])
coordinates = (x,y)
index_list.append(coordinates)

trianglelist =[]
fh = open ("newtriangulation2.1.ele")
contentsele = fh.readlines()[1:]
fh.close()
for line in contentsele:
if line.startswith("#"):
continue
else:
linestrip = line.strip()
linesplit = linestrip.split(" ")
line =]
for item in linesplit:
if item ==":
continue
else: line.append(item)

index1 = int(line[1]) -1
index2 = int(line[2]) -1
index3 = int(line[3]) -1

ptl = (index_list[index1])
f1= float(pt1[0])
f2 = float(pt1[1])
pt2 = (index_list[index2])
f3 = float(pt2[0])
f4 = float(pt2[1])



pt3 = (index_list[index3])
5 = float(pt3[0])
f6 = float(pt3[1])

nptl = (f1,f2)

npt2 = (f3,f4)

npt3 = (f5,16)

points = [nptl,npt2, npt3]

triangle = Polygon(points)

trianglelist.append(triangle)

[1 = [nptl,npt2]

12 = [npt2,npt3]

I3 = [npt3,nptl]

linel = LineString(I1)

line2 = LineString(12)

line3 = LineString(I3)
""point of the scanners for layout 1:""
scannerl2l = Point(2.736317, 2.296404)
scanner678 = Point(2.736317, 33.771274)
scanner553 = Point(40.260276, 43.821449)
scanner309 = Point(40.260276, 9.820339)
""check wich triangles are in a range of 10hth@ four scanners™"
listl21 =]
q=0
while g <len(trianglelist):

if trianglelist[q].intersects(scannerl12fbr(10)):
list121.append(trianglelist[q])
q=0g+l
else:
q=0g+l

list678 =[]
r=0
while r <len(trianglelist):
if trianglelist[r].intersects(scanner67gfieu(10)):
list678.append(trianglelist[r])
r=r+l
else:
r=r+l

remove double triangles
g=0
while g <len(list678):

h=0

while h < len(list121):
if list121[h]==list678[q]:

listl21.remove(list678[g])
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h=h+1
else:

h=h+1
g=g+1

# merge triangles
from shapely.ops import cascaded_union
sub121 = cascaded_union(list121)

# merge triangles
from shapely.ops import cascaded_union
sub678 = cascaded_union(list678)

list553= ]
s=0
while s <len(trianglelist):
if trianglelist[s].intersects(scanner553tbr(10)):
list553.append(trianglelist[s])

s=s+1
else:
s=s+1

# merge triangles
from shapely.ops import cascaded_union
sub553 = cascaded_union(list553)

list309=[]
t=0
while t <len(trianglelist):

if trianglelist[t].intersects(scanner309fien(10)):
list309.append(trianglelist[t])

t=t+1
else:
t=t+1

# merge triangles
from shapely.ops import cascaded_union
sub309 = cascaded_union(list309)

remove triangles that fall in range of thmaners from the trianglelist™"
u=0
while u <len(list121):
v=0
while v < len(trianglelist):
if trianglelist[v]==list121[ul]:
trianglelist.remove(trianglelist]v]

VvV =v+1
else:
VvV =v+1
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u=u+l

w=0
while w <len(list678):
x=0
while x < len(trianglelist):
if trianglelist[x]==list678[w]:
trianglelist.remove(trianglelist]x]
X =x+1
else:
X =x+1
w=w+1

y=0
while y <len(list553):
z=0
while z < len(trianglelist):
if trianglelist[z]==list553]y]:
trianglelist.remove(trianglelist|z]
z=2z+1
else:
z=2z+1
y=y+l

a=0
while a <len(list309):
b=0
while b < len(trianglelist):
if trianglelist[b]==list309[a]:
trianglelist.remove(trianglelist]b]
b=Db+1
else:
b=Db+1
a=a+l
"""make subdivisions between the scanner subdingsits
buffer121 =]
c=0
while ¢ <len(trianglelist):
if trianglelist[c].intersects(scannerl12Xfby(20)):
buffer121.append(trianglelist[c])

c=c+1
else:
c=c+1

buffer309 =[]
d=0
while d <len(trianglelist):
if trianglelist[d].intersects(scanner309fbr(19)):
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buffer309.append(trianglelist[d])
d=d+1

else:
d=d+1

buffer678 =[]
e=0
while e <len(trianglelist):
if trianglelist[e].intersects(scanner678tbr(19)):
buffer678.append(trianglelist[e])
e=e+l
else:
e=e+l

buffer553 =[]
f=0
while f <len(trianglelist):
if trianglelist[f].intersects(scanner553feun(20)):
buffer553.append(trianglelist[f])
f=1+1
else:
f=1+1
""" Remove double triangles from the subdivisiorestlsey all be around the same size™"
g=0
while g <len(buffer309):
h=0
while h < len(buffer553):
if buffer309[g]==buffer553[h]:
buffer553.remove(buffer309[g])
h=h+1
else:
h=h+1
g=g+l1

g=0
while g <len(buffer309):
h=0
while h < len(buffer121):
if buffer309[g]==buffer121[h]:
buffer309.remove(buffer121[h])
h=h+1
else:
h=h+1
g=g+l

g=0
while g <len(buffer678):
h=0
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while h < len(buffer121):
if buffer678[g]==buffer121[h]:
buffer678.remove(buffer121[h])
h=h+1
else:
h=h+1
g=g+l

g=0
while g <len(buffer553):
h=0
while h < len(buffer678):
if buffer553[g]==buffer678[h]:
buffer553.remove(buffer678[h])
h=h+1
else:
h=h+1
g=g+l

g=0
while g <len(buffer678):
h=0
while h < len(buffer309):
if buffer678[g]==buffer309[h]:
buffer309.remove(buffer678[g])
h=h+1
else:
h=h+1
g=g+l

make one polygon of the triangles
from shapely.ops import cascaded_union
sub309 553 = cascaded_union(buffer309)

from shapely.ops import cascaded_union
sub678_553 = cascaded_union(buffer553)

from shapely.ops import cascaded_union
sub121 678 = cascaded_union(buffer678)

from shapely.ops import cascaded_union
sub121 309 = cascaded_union(buffer121)

151
Synthesis Project De Rotterdam 2014:
Matilde Oliveti| Godelief Abhilakh Missier| Damidiulder| Dimitris Zervakis| Haoxiang Wu



APPENDIX 3: NETWORK

Python 2 7 code for the Network semi- automati¢h{\eiasepoints) for the range subdivision

import shapefile
import shapely

def test_network(filename):
from shapely.geometry import Point,LineStringygon
sf = shapefile.Reader(filename)
spaces = sf.shapes()
sublist =[]
for s in spaces:
spoly = Polygon(s.points)
sublist.append(spoly)

clist =]

i=0

while i < len(sublist):
div = sublist[i].centroid
clist.append(div)
i=i+l

Make Point objects from the points around tore(basepoints) and make lines between
themllllll

blist=[]
sf = shapefile.Reader("newestbasepoints.shp")
bpoints = sf.records()
for b in bpoints:
ptx = b[1]
pty = b[2]
newpoint = Point(ptx,pty)
blist.append(newpoint) # list with basepeiaround core

baselinelist = []
n=0
while n< len(blist):
if n+1 <len (blist):
baseedge = blist[n], blist[n+1]
n=n+l
else:
baseedge = Dblist[n-1], blist[0]
n=n+l
line = LineString(baseedge)
baselinelist.append(line) # list with litd@sgs around core

lastedge = blist[2], blist[6], blist[5]
lastline = LineString(lastedge)
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baselinelist.append(lastline)

bpoly = [(7.557902, 14.571654), (7.603434, 287%8),(34.808517, 29.540141),
(35.036175, 14.844843)]
basepoly = Polygon(bpoly)
""" remove centerpoints inside basepolygon™"
newclist=[]
for cin clist:
if basepoly.buffer(0.5).contains(c):
continue
else:
newclist.append(c)

""" connect centerpoints with the closest bagapts
minlist = ]
i=0
while j< len(newclist):
partlist3 =[]
k=0
while k< len(blist):
dis = newclist[j].distance(blist[kpewclist[j], blist[K]
partlist3.append(dis)
k=k+1
mind = min(partlist3)
minlist.append(mind)
j=jl

newlinelist = []
for m in minlist:
if m[O]> 10:
continue
else:
newedge = m[1],m[2]
newline = LineString(nhewedge)
newlinelist.append(newline)

nlist =[]
a=0
while a < len(sublist):
partlist = []
partlist.append(a)
b=0
while b< len(sublist):
if not sublist[a].intersection(sublisf].is_empty and not a==b and not
sublist[a].intersection(sublist[b]).type == 'Point'
partlist.append(b)
b=Db+1
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else:

b=Db+1
nlist.append(partlist)
a=a+l

make lines between neigbouring polygons
networklist =[]
linelist =[]
d=0
while d < len(nlist):
part2list = []
part2list.append(d)
e=0
while e< len(nlist[d]):
edge = [clist[nlist[d][O]], clist[nli§d][e]]]
part2list.append(edge)
line = LineString(edge)
linelist.append(line)
e=e+l
networklist.append(part2list)
d=d+1

remove the lines that are intersecting witk lines around the core
removelist =[]
g=0
while g< len(baselinelist):
h=0
while h< len(linelist):
if baselinelist[g].intersects(linelis}):
removelist.append(linelist[h])
h=h+1
else:
h=h+1
g=g+l1

u=20
while u <len(removelist):
v=0
while v < len(linelist):
if linelist[v]==removelist[u]:
linelist.remove(linelist[v])
vV=v+l
else:
vV=v+l
u=u+l
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Python 2.7 code for Automatic network for the rasgbdivision

import shapefile
import shapely

def test_network(filename):
from shapely.geometry import Point,LineStringygon

sf = shapefile.Reader(filename)
polygons = sf.records()
spaces = sf.shapes()

sublist =[]

for s in spaces:
spoly = Polygon(s.points)
sublist.append(spoly)

get centroids of subdivisions
clist =]

i=0

while i < len(sublist):

div =i, sublist[i].centroid
clist.append(div)

=i+l

""find neighbours of the polygons and the ni&ldf their intersecting lines,
make the network™"
nlist =[]
interlist =[]
linelist =[]
a=0
while a < len(sublist):
partlist =[]
partlist.append(a)
ilist =]
ilist.append(a)
b=0
while b< len(sublist):
if not sublist[a].intersection(sublisfl.is_empty and not a==b and not
sublist[a].intersection(sublist[b]).type == 'Point'
partlist.append(b)
intersection = sublist[a].intersen{sublist[b])
midpoint = intersection.interpol@ersection.length/2)
ilist.append(midpoint)
edge = clist[a][1], midpoint

line = LineString(edge)
print line
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linelist.append(line)# list withetines between the center points and the midpoints
of the intersecting lines

b=>b+1
else:
b=>b+1

nlist.append(partlist) # list with the pgbns and their neighbours
interlist.append(ilist) # list with the npidints of the intersecting lines
a=a+l
""remove point linestrings™”
doublelist =[]
f=0
while f< len(linelist):
if linelist[f].length < 1:
doublelist.append(linelist[f])
f=1f+1
else:
f=1f+1

u=20
while u <len(doublelist):
v=0
while v < len(linelist):
if linelist[v]==doublelist[ul]:
linelist.remove(linelist[v])
vV=v+l
else:
vV=v+l
u=u+l
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APPENDIX 4. PYTHON 2.7 CODE: MULTILATERATION SCRIPF

Multilateration.py [main script for finding a solah given scanner positions and a mac

address]

import MySQLdb #download @ http://www.codegood.com/ archives/129
from math import log, e

import sys

import shapely.geometry as g

import fiona

import intersections

#Weighted average based on time:
def wavgrssi(lstdata):
return sum([v[O]*v[1] for v in Istdata]) / sum( [v[1] for v in Istdata])

#Trustability based on how "old" the results are:
def trust(tdSEC,tinterMIN):
if tinterMIN > 30:
p=1
else:
p = 15.0 / pow(log(tinterMIN+1,e),2)
trustability = 1.0 - pow(log(tdSEC+1,tinterMIN* 60+1),p) #+1 to avoid log(0)
return trustability

#Localization radius based on translating RSSI valu es into distance
def localize(rssi, distFromCentr):

Ro = 60.0 #RSSI at 1m distance

R = float(rssi)

#note: the thought was to parametrize the no va lue, based on the distance
#  of the scanner to the center of the buil ding. Outcome were values
#  that didn't vary much from a static 'no’ value.

#no = 3.62 - log(distFromCentr,Ro)

no=2.8

n =no + log(Ro/R,Ro/2) #path-loss exponent
x = (Ro-R) / (10*n)

d = pow(10,X)

return d

#Error function - defines thickness of distance loc alization rings
def calcerr(rssi):
#Ro = 60.0 #dBm at 1m distance
#err = log(Ro/float(rssi),2)
#Error could be the above - instead, consider 2 .0dBm differences
err = abs(localize(rssi,0) - localize(rssi+2.0, 0))
return err

#Not really necessary, but printable info per singl erun
def printformat(fin):
fin = int(fin)
if fin < 10:
fout = '0{0}".format(fin)
else:
fout = '{0}'.format(fin)
return fout

#Needed only in single run - for representation pur poses
def represent(building,MeshPositions, leftoverings):
#REPRESENTATION: (.shp)
# Define a polygon feature geometry - general s chema
polyschema = {
‘geometry": 'Polygon’,
‘properties’: {'id": 'int'},

pointschema = {
‘geometry"; 'Paint’,
‘properties’: {'id": 'int'},

}
#REPRESENT BUILDING:
with fiona.open('derot.shp', 'w', 'ESRI Shapefi le', polyschema) as c:
c.write({
‘geometry": g.mapping(building),
‘properties": {'id": 0},
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D
c.close()
#REPRESENT MESHLIUM SCANNER POSITIONS:
with fiona.open('MeshPositions.shp', 'w', 'ESRI
for i in range(len(MeshPositions)):
c.write({
‘geometry": g.mapping(g.Point(MeshP
‘properties": {'id": i},
D
c.close()
#REPRESENT RINGS:
with fiona.open('timeboxZ.shp', 'w', 'ESRI Shap
for i in range(len(leftoverings)):
if leftoveringsi]:
c.write({
‘geometry": g.mapping(leftoveri
‘properties": {'id": i},
P
c.close()
return True

# MAIN FUNCTION
def main(meshnames,MeshPositions,cellMAC,timeNOW, Tl

if TIMEinterval_min <= 0:
print "Time interval cannot be 0 or less"
sys.exit()

# Open EXTERNAL database connection

db = MySQLdb.connect(host="libelium.tudelft.nl"
passwd="liuliu",db="meshli

# prepare a cursor object

cursor = db.cursor()

if printinfo:
print "\n\n*** CELLPHONE MAC: ",cellMAC,"\n
{0} MINUTES AGQ".format(TIMEinterval_min)
WRSSiIs = [] # will contain weighted RSSI values
for mesh in meshnames:
RSSIs_n_TIMEtrust =[]
if printinfo:
print "\n",mesh
#TODO:time "now" in datetime format (POSSIBLY DELET
tsql = "SELECT timestamp(‘'{0})".format(tim
cursor.execute(tsql)
tnow = cursor.fetchone()[0]

#SQL query to get the RSSI values and datet
sql =""SELECT RSSI, timestamp
FROM test.{0}
WHERE MAC='{1}' AND RSSI > 4
AND (timestamp between '{2}' - int
ORDER BY timestamp
TIMEinterval_min*60-1)
# execute SQL query using execute() method.
cursor.execute(sql)
# Fetch a single row using fetchone() metho
data = cursor.fetchone()
while data is not None:
if printinfo:
#format time and rssi for print exi
hour = printformat(data[1].hour)
minute = printformat(data[1].minute
second = printformat(data[1].second
rssi = printformat(data[0])

DESC"™

tdiff = tnow - data[1] #find time diff
TIMEtrustability = trust(tdiff.seconds,

if printinfo:
print
" hour+":"+minute+"."+second,"\t",tdiff.seconds,"\t

RSSIs_n_TIMEtrust.append((float(data[0]

Shapefile’, pointschema) as c:

ositionsli])),

efile’, polyschema) as c:

ngs(i][0]),

MEinterval_min,saveshp,printinfo):

,user="meshlium",
umdb")

TIME NOW: ", timeNOW, "\nTIME TO SEARCH:

per scanner

E NEXT 3 LINES LATER)
eNOW)

imes

erval {3} second and '{2})

mesh, cellMAC, timeNOW,
d.
t
)
)
erence in seconds
TIMEinterval_min)

rssi,"---

" TIMEtrustability
), TIMEtrustability))
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data = cursor.fetchone()

if RSSIs_n_TIMEtrust:
WRSSIs.append(wavgrssi(RSSIs_n_TIMEtrus
else:
WRSSiIs.append(-1.0) #NO DATA

if printinfo:
print "\nAverage RSSls: "
for i in range(len(meshnames)):
print meshnamesl[i]+":",wRSSIs][i]

# disconnect from server
db.close()

HH A MULTILATERATION ##

#De Rotterdam building geometry:

with fiona.open('./shp/base_polygon.shp', 'r')
building = c.next()['geometry]['coordinate

c.close()

b = g.Polygon(building[0],building[1:])

Cpoint = g.Point(b.centroid)

#calculate rings:

rings =]

for i in range(len(wRSSIs)): #for each timefram

if WRSSIs][i] > 0:

Spoint = g.Point(MeshPositionsi])
dist = Spoint.distance(Cpoint)
R = localize(WRSSIs[i],dist) #find ra
Rerr = calcerr(wWRSSIs[i]) #find error
Couter = Spoint.buffer(R+Rerr)

#111
if R-Rerr > 0:

Cinner = Spoint.buffer(R-Rerr)
else:

Cinner = Spoint.buffer(0.01)
ring = Couter.difference(Cinner)
#TODO: Indicator value could be anythin
#  when error is lower - but withou
indicator = pow(1.0/(Rerr*len(meshnames
rings.append( [ring, indicator] )

else:

rings.append(None)

#"cut out" the parts of the rings outside of th
leftoverings =[]
for i in range(len(rings)):
if ringsli]:
inter = rings[i][0].intersection(b)
if not inter.is_empty:
if inter.type == "MultiPolygon":
for interpoly in inter:
leftoverings.append([interp
else:
leftoverings.append([inter,ring

#If shapefile representation is needed:
if saveshp:
representation = represent(b,MeshPositions,
if not representation:
print "Unable to represent geometries.
sys.exit()

#final intersection and area a person is locali
position = intersections.main(leftoverings,save
if position:

return position[0]
else:

return None

1)) #weighted average

BHHHHHH B

as c:

e that we have 4(?) readings

dius

g as long as it is higher
t having great differences!

).2)

e building:

oly,rings[il[1]])
sl

leftoverings)

System Exit..."

zed
shp)
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if _name__ =="_main__"
print "\nExample\n\n"
#meshlium table names from database

meshnames = ['mesh121','mesh309','mesh553','mes

#Layout 2 meshlium scanner positions:

MeshPositions = [(8.4573611030943816, 15.378901

(32.19934627506354019, 14.5327
(34.25747742550623798, 31.8416
(8.56883399923329137, 28.68614
#cellphone MAC addresses to search
#TODO: This will change in app to either the us
find
cellMAC = 'f8:e0:79:2f:02:45'
#macs to test: 'f8:€0:79:2f:02:45','18:€0:79:c
TIMEinterval_min = 5.0 #in minutes

#TODO: THIS WILL CHANGE IN THE SCRIPT to "now()

timeNOW = '2014-10-01 17:25:00'

main(meshnames,MeshPositions,cellMAC,timeNOW,TI

Multilateration goback.py [similar to previous;

h678]
29341085732),
8265246893142),
9907549004463),
385891768848) |

er's MAC or the MAC the user is trying to

1:9f:da’,'f8:€0:79:30:1b:87'
"time in DB.

MEinterval_min, True, True)

suydast data if differences above threshold]

import MySQLdb #download @ http://www.codegood.com/

from math import log, e
import sys

import shapely.geometry as g
import fiona

import intersections

#Weighted average based on time:
def wavgrssi(lstdata):
return sum([v[O]*v[1] for v in Istdata]) / sum(

#Trustability based on how "old" the results are:
def trust(tdSEC,tinterMIN):
if tinterMIN > 30:
p=1
else:
p = 15.0 / pow(log(tinterMIN+1,e),2)
trustability = 1.0 - pow(log(tdSEC+1,tinterMIN*
return trustability

#Localization radius based on translating RSSI valu
def localize(rssi, distFromCentr):
Ro = 60.0 #RSSI at 1m distance
R = float(rssi)
#note: the thought was to parametrize the no va
#  of the scanner to the center of the buil
#  that didn't vary much from a static no v
#no = 3.62 - log(distFromCentr,Ro)
no=2.8
n =no + log(Ro/R,Ro/2) #path-loss exponent
x = (Ro-R) / (10*n)
d = pow(10,X)
return d

#Error function - defines thickness of distance loc
def calcerr(rssi):
#Ro = 60.0 #dBm at 1m distance
#err = log(Ro/float(rssi),2)
#Error could be the above - instead, consider 2
err = abs(localize(rssi,0) - localize(rssi+2.0,
return err

#Not really necessary, but printable info per singl
def printformat(fin):
fin = int(fin)
if fin < 10:
fout = '0{0}".format(fin)
else:
fout = '{0}'.format(fin)
return fout

archives/129

[v[1] for v in Istdata])

60+1),p) #+1 to avoid log(0)

es into distance

lue, based on the distance
ding. Outcome were values
alue.

alization rings
.0dBm differences

0))

erun
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#Needed only in single run
def represent(building,MeshPositions, leftoverings):
#REPRESENTATION: (.shp)
# Define a polygon feature geometry - general s chema
polyschema = {
‘geometry": 'Polygon’,
‘properties’: {'id": 'int},

pointschema = {
‘geometry"; 'Paint’,
‘properties’: {'id": 'int'},

}
#REPRESENT BUILDING:
with fiona.open('derot.shp’, 'w', 'ESRI Shapefi le', polyschema) as c:
c.write({
‘geometry": g.mapping(building),
‘properties": {'id": 0},
D
c.close()
#REPRESENT MESHLIUM SCANNER POSITIONS:
with fiona.open('‘MeshPositions.shp', ‘W', 'ESRI Shapefile', pointschema) as c:
for i in range(len(MeshPositions)):
c.write({
‘geometry": g.mapping(g.Point(MeshP ositionsi])),
‘properties": {id": i},
D
c.close()
#REPRESENT RINGS:
with fiona.open('timeboxZ.shp', 'w', 'ESRI Shap efile’, polyschema) as c:
for i in range(len(leftoverings)):
if leftoveringsi]:
c.write({
‘geometry": g.mapping(leftoveri ngs[i][0]),
‘properties": {id": i},
P
c.close()
return True

# MAIN FUNCTION
def main(meshnames,MeshPositions,cellMAC,timeNOW,TI MEinterval_min,saveshp,printinfo):

if TIMEinterval_min <= 0:
print "Time interval cannot be O or less"

sys.exit()
thres = 8.0 #threshold of variability in RSSI v alues
# Open EXTERNAL database connection
db = MySQLdb.connect(host="libelium.tudelft.nl" ,user="meshlium",
passwd="liuliu",db="meshli umdb")

# prepare a cursor object
cursor = db.cursor()

if printinfo:
print "\n\n*** CELLPHONE MAC: ",cellMAC,"\n TIME NOW: ", timeNOW, "\nTIME TO SEARCH:
{0} MINUTES AGQ".format(TIMEinterval_min)
WRSSIs = [] # will contain weighted RSSI values per scanner

for mesh in meshnames:
RSSIs_n_TIMEtrust =[]

if printinfo:
print "\n",mesh
#TODO:time "now" in datetime format (POSSIBLY DELET E NEXT 3 LINES LATER)
tsgl = "SELECT timestamp({0})".format(tim eNOW)

cursor.execute(tsql)
tnow = cursor.fetchone()[0]

#SQL query to get the RSSI values and datet imes
sql =""SELECT RSSI, timestamp
FROM test.{0}
WHERE MAC='{1}' AND RSSI > 4
AND (timestamp between '{2}' - int erval {3} second and '{2})
ORDER BY timestamp DESC"".format( mesh, cellMAC, timeNOW,
TIMEinterval_min*60-1)
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# execute SQL query using execute() method.
cursor.execute(sql)
# Fetch a single row using fetchone() metho
data = cursor.fetchone()
if data is not None:
Ttemp = data[1]
Rtemp = int(data[0])
if (tnow - data[1]).seconds > 300:
data = None
mdata =[]
while data is not None:
tdiff = tnow - data[1] #find time diff
mdata.append( [float(data[0]), data[1],
data = cursor.fetchone()
if data is not None:
if (abs(Rtemp - int(data[0])) > thr
data = None
else:
Ttemp = data[1]
Rtemp = int(data[0])

for i in range(len(mdata)):

TIMEtrustability = trust(mdatali][2],fl

if printinfo:
#format time and rssi for print exi
hour = printformat(mdatali][1].hour
minute = printformat(mdatali][1].mi
second = printformat(mdatal[i][1].se
rssi = printformat(mdata[i][0])
print

" hour+":"+minute+"."+second,"\t",mdatal[i][2],"\t",
RSSIs_n_TIMEtrust.append((float(mdatali

if RSSIs_n_TIMEtrust:
WRSSiIs.append(wavgrssi(RSSIs_n_TIMEtrus
else:
WRSSIs.append(-1.0) #NO DATA

if printinfo:
print "\nAverage RSSls: "
for i in range(len(meshnames)):
print meshnamesl[i]+":",wRSSIs][i]

# disconnect from server
db.close()

HiHHHE I MULTILATERATION ##

#De Rotterdam building geometry:

with fiona.open('./shp/base_polygon.shp', 'r')
building = c.next()['geometry]['coordinate

c.close()

b = g.Polygon(building[0],building[1:])

Cpoint = g.Point(b.centroid)

#calculate rings:

rings =]

for i in range(len(wRSSIs)): #for each timefram

if WRSSIs[i] > 0:

Spoint = g.Point(MeshPositionsi])
dist = Spoint.distance(Cpoint)
R = localize(WRSSIs[i],dist) #find ra
Rerr = calcerr(wRSSIs[i]) #find error
Couter = Spoint.buffer(R+Rerr)

#ll
if R-Rerr > 0O:

Cinner = Spoint.buffer(R-Rerr)
else:

Cinner = Spoint.buffer(0.01)
ring = Couter.difference(Cinner)
#TODO: Indicator value could be anythin
#  when error is lower - but withou

erence in seconds
tdiff.seconds] )

es) or (Ttemp - data[1]).seconds > 300:

oat(mdata[-1][2]) / 60.0 + 1)

t:
)
nute)
cond)

rssi,"---

TIMEtrustability
][0]), TIMEtrustability))

t)) #weighted average

as c.

e that we have 4(?) readings

dius

g as long as it is higher
t having great differences!

Synthesis Project De Rotterdam 2014:
Matilde Oliveti| Godelief Abhilakh Missier| Damidiulder| Dimitris Zervakis| Haoxiang Wu

162



indicator = pow(1.0/(Rerr*len(meshnames
rings.append( [ring, indicator] )

else:
rings.append(None)

#"cut out" the parts of the rings outside of th
leftoverings =[]
for i in range(len(rings)):
if ringsli]:
inter = rings][i][0].intersection(b)
if not inter.is_empty:
if inter.type == "MultiPolygon™:
for interpoly in inter:
leftoverings.append([interp
else:
leftoverings.append([inter,ring

#If shapefile representation is needed:
if saveshp:
representation = represent(b,MeshPositions,
if not representation:
print "Unable to represent geometries.
sys.exit()

#final intersection and area a person is locali
position = intersections.main(leftoverings,save
if position:

return position[0]
else:

return None

if _name__ =="_main__"

print "\nExample\n\n"

#meshlium table names from database

meshnames = ['mesh121','mesh309','mesh553','mes

#TEST 2 meshlium scanner positions:

MeshPositions = [(8.4573611030943816, 15.378901
(32.19934627506354019, 14.5327
(34.25747742550623798, 31.8416
(8.56883399923329137, 28.68614

#cellphone MAC addresses to search

#TODO: This will change in app to either the us

find

cellMAC = 'f8:e0:79:c1:9f:.da’

TIMEinterval_min = 60.0 #in minutes

#TODO: THIS WILL CHANGE IN THE SCRIPT to "now()

timeNOW = '2014-09-30 15:40:00'

main(meshnames,MeshPositions,cellMAC,timeNOW,TI

).2)

e building:

oly,rings[il[1]])
s[il[11)

leftoverings)
System Exit..."

zed
shp)

h6781
29341085732),
8265246893142),
9907549004463),
385891768848) |

er's MAC or the MAC the user is trying to

"time in DB.

MEinterval_min, True, True)

intersections.py [finds all possible areas for siamd intersections, and returns best solution]

from shapely import geometry as g
import fiona

def findintersections(polylst):
if not polylst:
return [[],[1]

for j in range(len(polylst)-1):
intersected = False #a flag to check if pol
#check if previously intersected:
for i in range(j):
if polylst[j][0].intersects(polylst[i][
intersected = True
break
#find intersections
for i in range(j+1,len(polylst)):
if polylst[j][0].intersects(polylst[i][
intersected = True
inter = polylst[j][0].intersection(
diff = polylst[j][0].difference(pol

ygon previously intersected

0]):

0]):

polylst[i][0])
ylsti][o])
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val = polylst[j][1] + polylst[i][1]
#If difference area too small, the
if diff.area > 1.0:
if inter.type == "MultiPolygon"
for poly in inter:
out.append([poly,val])
else:
out.append([inter,val])
else:
intersected = False
if intersected is False:
full.append(polylst[j])
#check for last one if already intersected, oth
intersected = False
for i in range(len(polylst)-1):
if polylst[len(polylst)-1][0].intersects(po
intersected = True
break
if intersected is False:
full.append(polylst[len(polylst)-1])
return [out,full]

def main(rings, representmax):
if not rings:
return None

ringoutcome =]

temp = findintersections(rings)
ringoutcome.extend(temp[1]) #add the outcome un

while temp[0]:
temp = findintersections(temp[0])
ringoutcome.extend(temp[1])

#SCHEMA

polyschema = {
‘geometry": 'Polygon’,
‘properties’: {'id": 'int'},

#Find best polygon, based on metric
indx = -1
maxvalue = -1
for i in range(len(ringoutcome)):
if ringoutcome(i][1] >= maxvalue:
indx =i
maxvalue = ringoutcomeli][1]

#Depended on if representation is needed:
if representmax:
with fiona.open(‘foundmax.shp', 'w', 'ESRI
c.write({
‘geometry": g.mapping(ringoutco
‘properties": {'id": int(maxval
D

c.close()

return ringoutcome(indx]

if _name__ =="_main__"
#READ/test/random metric
from random import randint
¢ = fiona.open('timeboxZ.shp','r")

rings =]
foriinrange(c.__len__()):
pol = c.next()

rings.append( [g.shape(pol['geometry), ra
c.close()
geom = main(rings,True)

polygons are about the same

erwise add it:

IyISt[i][O]):

intersected polygons

Shapefile’, polyschema) as c:

me[indx][0]),
ue*1000)}#just to have an id

ndint(1,100)] )
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findroom.py [finds the best room-fit for solutiorea, based on subdivisions]
from shapely import geometry as g

#Finds the room identifier of localization
def main(locPOLY,roomist):

intersectionROOMS =]
for room in roomist:
roomshape = g.Polygon(room[0][:-1])
inter = locPOLY. .intersection(roomshape)
if not inter.is_empty:
intersectionROOMS.append((inter.area,ro om[1]))

maxarea = -1
roomiD = -1
for inter in intersectionROOMS:
if inter[0] > maxarea:
maxarea = inter[0]
roomID = inter[1]

return roomID

if _name__ =="_ main__":
print "Utility function for runner.py"

priority.py [helpful function for ‘complex’ runndhat returns an ordered list of rooms]

from shapely import geometry as g

#Returns a list of ids of the intuitive subdivision rooms which intersect
#better per each automatic subdivision area:
def main(rooms, extrarooms):
Ist=1]
for extra in extrarooms:
templst =]
for room in rooms:
if g.Polygon(extra[0]).intersects(g.Pol ygon(room[0])) and \
not (g.Polygon(extra[0]).touches(g.Poly gon(room[0]))):
templst.append( (g9.Polygon(extra[0] ).intersection(g.Polygon(room[0])).area,
room[1]) )
templst.sort() #sort by area (ASC)
templst.reverse() #reverse to have sorted | ist DESC
Ist.append(zip(*templst)[1]) #only store id s
return Ist
if _name__=="_ main__":
print "Utility function for runner_complex"

runner_SUBDIVISION_intuitive.py [tester for intw& subdivision]
# script to run for all points - INTUITIVE SUBDIVIS ION

#import multilateration_goback

import multilateration

import findroom

import fiona

import sys

#meshlium table names from database #SPECIFIC ORDER
meshnames = ['mesh121','mesh309','mesh553','mesh678 i

#cellphones MAC addresses to search

#TODO: This will change in app to either the user's MAC or the MAC the user is trying to find
cellMACs = [8:e0:79:2f:02:45','f8:€0:79:c1:9f.da’ ,'f8:€0:79:30:1b:87"]
#TODO: Need to find a way to choose which interval is trustable enough?

TIMEinterval_min = 5.0 #in minutes (for testing)
#TIMEinterval_min = 60.0 #in minutes (for goback)
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#Space subdivision- get from shapefile:
rooms =[]
with fiona.open('./shp/intuitive_subdivision.shp’,
for poly in c:
coords =[]
for xy in poly['geometry']['coordinates’][0
coords.append( (round(xy[0],6),round(xy
rooms.append( (coords,int(poly['properties’
c.close()

#SUBDIVISION 1 (logical/human areas)
#Dependent on space subdivision:
neighs =[[1,6], [0,2], [1,3], [2,4,5,7], [3], [3,
lay = raw_input("Choose Layout [1,2,3 or 4]:\n")
if lay =="1' or lay == '2' or lay == '3"
#true point tested (id of room for each point)
truePOS=[0,0,1,1,2,2,3,7,6,6, 6,5,

' asc:

1:
[1],6)) )
ICFID_M))

6], [0,5,7], [3.6] ]

5,3,4,4,1,1,2,2,5,5]

H LAYOUT 1 ##

if lay =="1"
tes = raw_input("Choose Test [1 for 30/09, 2 fo
#Point-like positions of meshliums scanners #SP
MeshPositions = [(2.73631731473008211, 2.296404
(40.26027550729227045, 9.82033
(40.26027550729227755, 43.8214
(2.73631731473008566, 33.77127
if tes =="1"
#30/09
timesNOW = ['2014-09-30 12:45:00','2014-09-
'2014-09-30 13:00:00','2014-09-
'2014-09-30 13:15:00','2014-09-
'2014-09-30 13:30:00','2014-09-
'2014-09-30 13:45:00','2014-09-
'2014-09-30 14:05:00','2014-09-
'2014-09-30 14:25:00','2014-09-
'2014-09-30 14:40:001
elif tes == 2"
#01/10
timesNOW = ['2014-10-01 14:25:00','2014-10-
'2014-10-01 14:40:00','2014-10-
'2014-10-01 14:55:00','2014-10-
'2014-10-01 15:10:00','2014-10-
'2014-10-01 15:25:00','2014-10-
'2014-10-01 15:40:00','2014-10-
'2014-10-01 15:55:00','2014-10-
'2014-10-01 16:10:007]
else:
print "Wrong Choice!"
sys.exit()
P LAYOUT 2 #tHHH
elif lay == '2"
tes = raw_input("Choose Test [1 for 30/09, 2 fo
MeshPositions = [(8.4573611030943816, 15.378901
(32.19934627506354019, 14.5327
(34.25747742550623798, 31.8416
(8.56883399923329137, 28.68614
if tes =="1"
#30/09
timesNOW = ['2014-09-30 15:15:00','2014-09-
'2014-09-30 15:30:00','2014-09-
'2014-09-30 15:45:00','2014-09-
'2014-09-30 16:00:00','2014-09-
'2014-09-30 16:15:00','2014-09-
'2014-09-30 16:30:00','2014-09-
'2014-09-30 16:45:00','2014-09-
'2014-09-30 17:00:001]
elif tes == 2"
#01/10
timesNOW = ['2014-10-01 16:30:00','2014-10-
'2014-10-01 16:45:00','2014-10-
'2014-10-01 17:00:00','2014-10-
'2014-10-01 17:15:00','2014-10-
'2014-10-01 17:30:00','2014-10-
'2014-10-01 17:45:00','2014-10-

r 01/10]:\n")
ECIFIC ORDER
46220620564),
913232249134),
4896367393017),
430523957941) |

30 12:50:00','2014-09-30 12:55:00',
30 13:05:00','2014-09-30 13:10:00',
30 13:20:00','2014-09-30 13:25:00'",
30 13:35:00','2014-09-30 13:40:00',
30 13:50:00','2014-09-30 14:00:00',
30 14:15:00','2014-09-30 14:20:00',
30 14:30:00','2014-09-30 14:35:00',

01 14:30:00','2014-10-01 14:35:00',
01 14:45:00','2014-10-01 14:50:00',
01 15:00:00','2014-10-01 15:05:00',
01 15:15:00','2014-10-01 15:20:00',
01 15:30:00','2014-10-01 15:35:00',
01 15:45:00','2014-10-01 15:50:00',
01 16:00:00','2014-10-01 16:05:00',

BHHBHHH

r 01/10]:\n")
29341085732),

8265246893142),
9907549004463),
385891768848) |

30 15:20:00','2014-09-30 15:25:00',
30 15:35:00','2014-09-30 15:40:00',
30 15:50:00','2014-09-30 15:55:00',
30 16:05:00','2014-09-30 16:10:00',
30 16:20:00','2014-09-30 16:25:00',
30 16:35:00','2014-09-30 16:40:00',
30 16:50:00','2014-09-30 16:55:00',

01 16:35:00','2014-10-01 16:40:00',
01 16:50:00','2014-10-01 16:55:00',
01 17:05:00','2014-10-01 17:10:00",
01 17:20:00','2014-10-01 17:25:00",
01 17:35:00','2014-10-01 17:40:00',
01 17:52:00','2014-10-01 17:57:00",
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'2014-10-01 18:02:00','2014-10-
'2014-10-01 18:17:007]
else:
print "Wrong Choice!"
sys.exit()
HHEHHHHHEHHHHHEHRHHE A LAYOUT 3 #HHHH
elif lay =='3"

MeshPositions = [(4.52033820207128745, 20.23523
(20.89279016717234683, 10.9960
(39.96342015864106401, 21.7361
(20.89279016717235393, 33.4181

timesNOW = ['2014-10-01 10:10:00','2014-10-01 1

'2014-10-01 10:25:00','2014-10-01 1
'2014-10-01 10:40:00','2014-10-01 1
'2014-10-01 10:55:00','2014-10-01 1
'2014-10-01 11:10:00','2014-10-01 1
'2014-10-01 11:30:00','2014-10-01 1
'2014-10-01 11:48:00','2014-10-01 1
'2014 12:04:001

01 18:07:00','2014-10-01 18:12:00',

BHHBHHH R

715507049303),
9148383166968),
2628962893112),
4505422586024) ]
0:15:00','2014-10-01 10:20:00',
0:30:00','2014-10-01 10:35:00',
0:45:00,'2014-10-01 10:50:00',
1:00:00','2014-10-01 11:05:00',
1:15:00','2014-10-01 11:25:00',
1:37:00','2014-10-01 11:42:00',
1:53:00','2014-10-01 11:59:00',

Ht LAYOUT 4 ##

elif lay =='4"

MeshPositions = [(19.00734526019633108, 10.1699
(40.26027550729227045, 9.82033
(40.26027550729227755, 43.8214
(19.00734526019633108, 33.6839

#true point tested (id of room for each point)

truePOS=[3,3,7,6,6,6,5,5,4,4,5,5]

timesNOW = ['2014-10-01 12:50:00','2014-10-01 1

'2014-10-01 13:05:00','2014-10-01 1

'2014-10-01 13:20:00','2014-10-01 1

'2014-10-01 13:35:00','2014-10-01 1
else:

print "Wrong Choice!"

sys.exit()

#RUNNER - for the above choices
for cell in celMACs:
room =]
on=0
close =0
for tin range(len(timesNOW)):
pos = multilateration.main(meshnames,MeshPo
T
if pos:
roomID = findroom.main(pos,rooms)
else:
roomID = -1
if roomID == truePOSIt]:
on+=1
close +=1
room.append(roomID)
if roomID in neighs[truePOSJt]]:

close +=1
print "\n\n
print "~~~ End of operations for cellphone:", ¢
print "
print "Point

plan:]01]02|03|04|05|06|07|08|09|10|11]|12|13|14|15|
print "Ground Truth room IDs:",truePOS
print "Localization room IDs:",room
print "Success Rate:",on*100.0 / len(truePOS),"
localized)".format(on, len(truePOS))
print "Extend to Neighbours Rate:",close*100.0

0537971109987),
913232249134),
4896367393017),
8416078886015) ]

/ different for layout 4

2:55:00','2014-10-01 13:00:00',
3:10:00','2014-10-01 13:15:00',
3:25:00','2014-10-01 13:30:00',
3:41:00','2014-10-01 13:46:00' ]

sitions,cell,timesNOWI[t],
IMEinterval_min,False,False)

ell,"~~~"

numbers on
16|17|18|19]20|21|22|"

%", "({0} out of {1} times correctly

/ len(truePOS),"%"

runner_SUBDIVISION_automatic_layoutl.py [tester &mtomatic subdivision]

# script to run for all points - Automatic Subdivis
#import multilateration_goback
import multilateration

ion - ONLY LAYOUT 1
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import findroom
import fiona
import sys

#meshlium table names from database #SPECIFIC ORDER
meshnames = ['mesh121','mesh309','mesh553','mesh678 i

#cellphones MAC addresses to search

#TODO: This will change in app to either the user's MAC or the MAC the user is trying to find
cellMACs = [8:e0:79:2f:02:45','f8:€0:79:c1:9f.da’ ,'f8:€0:79:30:1b:87"]
#TODO: Need to find a way to choose which interval is trustable enough?

TIMEinterval_min = 5.0 #in minutes

#Space subdivision- get from shapefile:
rooms =[]
with fiona.open('./shp/automatic_subdivision.shp', M asc:
for poly in c:
coords =[]
for xy in poly['geometry']['coordinates’][0 ]:
coords.append( (round(xy[0],6),round(xy [1],6)))
rooms.append( (coords,int(poly['properties’ 'FIDD)))
c.close()

#SUBDIVISION 1 (automatic/scanner-reach areas)

#Dependent on space subdivision:

neighs =[[1,7], [0,6,7], [4,7], [4,5], [2,3,5,6,7 1. [3.4,6], [1,4,5,7],[0,1,2,4,6] ]
print "Only layout 1 applicable.”

#true point tested (id of room for each point)

truePOS=[0,7,7,7,1,1,6,6,7, 2, 2, 2, 4, 5,3,3101,1,22]
HE LAYOUT 1 ##
tes = raw_input("Choose Test [1 for 30/09, 2 for 01 /10]:\n")
#Point-like positions of meshliums scanners #SPECIF IC ORDER
MeshPositions = [(2.73631731473008211, 2.2964044622 0620564),
(40.26027550729227045, 9.820339132 32249134),
(40.26027550729227755, 43.82144896 367393017),
(2.73631731473008566, 33.771274305 23957941) ]
if tes =="1"
#30/09
timesNOW = ['2014-09-30 12:45:00','2014-09-30 1 2:50:00','2014-09-30 12:55:00",
'2014-09-30 13:00:00','2014-09-30 1 3:05:00','2014-09-30 13:10:00',
'2014-09-30 13:15:00','2014-09-30 1 3:20:00','2014-09-30 13:25:00',
'2014-09-30 13:30:00','2014-09-30 1 3:35:00','2014-09-30 13:40:00',
'2014-09-30 13:45:00','2014-09-30 1 3:50:00','2014-09-30 14:00:00',
'2014-09-30 14:05:00','2014-09-30 1 4:15:00','2014-09-30 14:20:00',
'2014-09-30 14:25:00','2014-09-30 1 4:30:00','2014-09-30 14:35:00',
'2014-09-30 14:40:001]
elif tes == 2"
#01/10
timesNOW = ['2014-10-01 14:25:00','2014-10-01 1 4:30:00','2014-10-01 14:35:00',
'2014-10-01 14:40:00','2014-10-01 1 4:45:00','2014-10-01 14:50:00',
'2014-10-01 14:55:00','2014-10-01 1 5:00:00,'2014-10-01 15:05:00',
'2014-10-01 15:10:00','2014-10-01 1 5:15:00','2014-10-01 15:20:00',
'2014-10-01 15:25:00','2014-10-01 1 5:30:00','2014-10-01 15:35:00',
'2014-10-01 15:40:00','2014-10-01 1 5:45:00','2014-10-01 15:50:00',
'2014-10-01 15:55:00','2014-10-01 1 6:00:00','2014-10-01 16:05:00',
'2014-10-01 16:10:007]
else:
print "Wrong Choice!"
sys.exit()

#RUNNER - for the above choices
for cell in cellMACs:
room =[]
on=0
close =0
for tin range(len(timesNOW)):
pos = multilateration.main(meshnames,MeshPo sitions,cell,timesNOWIt],
TIMEinterval_min,F alse,False)
if pos:
roomID = findroom.main(pos,rooms)
else:
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roomID =-1
if roomID == truePOS[t]:
on+=1
close +=1
room.append(roomiD)
if roomID in neighs[truePOSJt]]:

close +=1
print "\n\n
print "~~~ End of operations for cellphone:", ¢
print "
print "Point

plan:]01]02|03|04|05|06|07|08]|09|10|11]|12|13|14|15|
print "Ground Truth room IDs:",truePOS
print "Localization room IDs:",room
print "Success Rate:",on*100.0 / len(truePOS),"
localized)".format(on, len(truePOS))
print "Extend to Neighbours Rate:",close*100.0

ell,"~~~"

numbers on
16|17|18|19]20|21|22|"

%", "({0} out of {1} times correctly

/ len(truePOS)," %"

runner_SUBDIVISION_complex.py [tester for combinmadthod of intuitive+automatic]

# script to run for all points - uses both intuitiv
# subdivisions - ONLY LAYOUT 1

#import multilateration_goback

import multilateration

import findroom

import fiona

import sys

import priority

#meshlium table names from database #SPECIFIC ORDER
meshnames = ['mesh121','mesh309','mesh553','mesh678

#cellphones MAC addresses to search
#TODO: This will change in app to either the user's
cellMACs = [f8:e0:79:2f:02:45','f8:€0:79:c1:9f.da’

#TODO: Need to find a way to choose which interval
TIMEinterval_min = 5.0 #in minutes

#Space subdivision- get from shapefile:
rooms =[]
with fiona.open('./shp/intuitive_subdivision.shp',
for poly in c:
coords =[]
for xy in poly['geometry']['coordinates’][0
coords.append( (round(xy[0],6),round(xy
rooms.append( (coords,int(poly['properties’
c.close()

#Ultility subdivision for next possible room based o
extrarooms =[]
with fiona.open('./shp/automatic_subdivision.shp',
for poly in c:
coords =[]
for xy in poly['geometry'][‘coordinates’][0
coords.append( (round(xy[0],6),round(xy
extrarooms.append( (coords,int(poly['proper
c.close()

#Priority list of next possible room:
nextrooms = priority.main(rooms, extrarooms)

#SUBDIVISION 1 (logical/human areas)
#true point tested (id of room for each point)
truePOS=[0,0,1,1,2,2,3,7,6,6,6,5,5,

HHTHHHHH A LAY OUT 1 #HH#HH

tes = raw_input("Choose Test [1 for 30/09, 2 for 01
#Point-like positions of meshliums scanners #SPECIF

e (basis) and automatic

MAC or the MAC the user is trying to find
,'f8:€0:79:30:1b:87"]

is trustable enough?

M asc:

]:

[11.6)))

I'FID_T))

n scanner placement:

M asc:

1:
[11.6)))
ties'|['FIDY)) )

3,4,4,1,1,2,2,5, 5]
BHHBHHH

/10]:\n")
IC ORDER
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MeshPositions = [(2.73631731473008211, 2.2964044622

(40.26027550729227045, 9.820339132
(40.26027550729227755, 43.82144896
(2.73631731473008566, 33.771274305
if tes =="1"
#30/09
timesNOW = ['2014-09-30 12:45:00','2014-09-30 1
'2014-09-30 13:00:00,'2014-09-30 1
'2014-09-30 13:15:00,'2014-09-30 1
'2014-09-30 13:30:00','2014-09-30 1
'2014-09-30 13:45:00','2014-09-30 1
'2014-09-30 14:05:00,'2014-09-30 1
'2014-09-30 14:25:00,'2014-09-30 1
'2014-09-30 14:40:001
elif tes =="2"
#01/10
timesNOW = ['2014-10-01 14:25:00','2014-10-01 1
'2014-10-01 14:40:00','2014-10-01 1
'2014-10-01 14:55:00','2014-10-01 1
'2014-10-01 15:10:00','2014-10-01 1
'2014-10-01 15:25:00','2014-10-01 1
'2014-10-01 15:40:00','2014-10-01 1
'2014-10-01 15:55:00','2014-10-01 1
'2014-10-01 16:10:007]
else:
print "Wrong Choice!"
sys.exit()

#RUNNER - for the above choices
for cell in cellMACs:
room =]
nextroom =[]
on=0
adj=0
for tin range(len(timesNOW)):
pos = multilateration.main(meshnames,MeshPo
TIMEinterval_min,F
if pos:
roomID = findroom.main(pos,rooms)
autolD = findroom.main(pos,extrarooms)
else:
roomiD = -1
autolD = -1
room.append(roomID)
if autolD != -1:
for nextID in nextrooms[autolD]:
if nextID != roomID:
nextroom.append(nextiD)
break
else:
nextroom.append(-1)

#counters:

if roomID == truePOSIt]:
on+=1
adj+=1

elif nextID == truePOSJt]:
adj+=1

print "\n\n
print "~~~ End of operations for cellphone:", ¢

print "

print "Point
plan:]01]02|03|04|05|06|07|08|09|10|11]|12|13|14|15|

print "Ground Truth room IDs:",truePOS

print "Localization room IDs:",room

print "Localization next IDs:",nextroom

print "Success Rate:",on*100.0 / len(truePOS),"
localized)".format(on, len(truePOS))

print "Extend to Next Room Rate:",adj*100.0 / |
room localization)".format(adj, len(truePOS))

0620564),
32249134),
367393017),
23957941) ]

2:50:00','2014-09-30 12:55:00',
3:05:00','2014-09-30 13:10:00',
3:20:00','2014-09-30 13:25:00',
3:35:00','2014-09-30 13:40:00',
3:50:00','2014-09-30 14:00:00',
4:15:00','2014-09-30 14:20:00',
4:30:00','2014-09-30 14:35:00',

4:30:00','2014-10-01 14:35:00',
4:45:00','2014-10-01 14:50:00',
5:00:00','2014-10-01 15:05:00',
5:15:00','2014-10-01 15:20:00',
5:30:00','2014-10-01 15:35:00',
5:45:00','2014-10-01 15:50:00',
6:00:00','2014-10-01 16:05:00',

sitions,cell,timesNOWI[t],
alse,False)

ell,"~~~"

numbers on
16|17|18|19]20|21|22|"

%", "({0} out of {1} times correctly

en(truePOS),"%", "({0} out of {1} times 2-
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APPENDIX 5. PYTHON 2.7 CODE: WIFI FINGERPRINTING &RIPTS

main.py

from read_data import read_data

from interpolation import interpolation

from draw_heatmap import draw_heatmap
from localization import localization

from read_polygon import read_polygon
from intersection import intersection
import pprint

# read the data from a fixed-format txt file
[n1,n2,rows,columns,width,ids,x,y,z1,z2,z3,z4]=read _data(linput_L1_22.txt")

# interpolate the input points to create heatmaps
heatmaps=interpolation(n1,rows,columns,x,y,z1,z2,z3 ,24)

# draw the heatmaps
#draw_heatmap(heatmaps,rows,columns)

# localize the testing points in the heatmaps

Icz=localization(n1,n2,rows,columns,x,y,z1,z2,z3,z4 ,heatmaps)

# print the localization result

pprint.pprint(lcz) #[x[n1+k],y[n1+k],xx,yy,dx,dy,2* math.sqrt(dx**2+dy**2),mindiff]
#intersect the localized cells with the subdivision s and write it into shapefile

grid_fp='Shapefiles\Grid22_ply.shp'
subs_fp0="Shapefiles\Final_space_subdivision.shp'
subs_fpl="'Shapefiles\SubdivisionLayoutl.shp'
subsO=read_polygon(subs_fp0)
subsl=read_polygon(subs_fpl)
cells=read_polygon(grid_fp)

#print the given subdivisions in priority order for each testing points
pprint.pprint(intersection(rows,columns,lcz,cells,s ubs0,subs1))

read_data.py

def read_data(input):
#read the data from a fixed format txt file
fh=open(input,"r")
lines=fh.readlines()
fh.close()
data=lines[0].strip().split(" )

# number of rows in the grid

rows=int(data[0])

# number of columns in the grid

columns=int(data[1])

# width of the cell in the grid

width=int(data[2])

# number of sampling points

nl=int(lines[1])

# point id

ids=[]

# x coordinate of the points # x coordinate of the points

x=[]

#y coordinate of the points # x coordinate of the points

y=[l

# RSSI values from 1st scanner

z1=(]

# RSSI values from 2nd scanner

z2=]]

# RSSI values from 3rdt scanner

z3=[]

# RSSI values from 4th scanner

z4=]]

for line in lines[2:n1+2]:
data=line.strip().split(' )
ids.append(int(data[0]))
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x.append(int(data[1]))
y.append(int(data[2]))
z1.append(float(data[3]))
z2.append(float(data[4]))
z3.append(float(data[5]))
z4.append(float(data[6]))

# number of testing points

n2=int(lines[n1+2])

for line in lines[n1+3:n1+n2+3]:
data=line.strip().split(' )
ids.append(int(data[0]))
x.append(int(data[1]))
y.append(int(data[2]))
z1.append(float(data[3]))
z2.append(float(data[4]))
z3.append(float(data[5]))
z4.append(float(data[6]))

return [n1,n2,rows,columns,width,ids,x,y,z1,22,23,z

interpolation.py
import numpy
import scipy.interpolate

def interpolation(n1,rows,columns,x,y,z1,22,z3,z4):

# create heat maps for each scanner

# create a mesh grid

grid_x, grid_y = numpy.mgrid[0:rows, 0:columns]
# Interpolation

rbfl = scipy.interpolate.Rbf(x[0:n1], y[0:n1], z1[0
Z1 = rbfl(grid_x, grid_y)

rbf2 = scipy.interpolate.Rbf(x[0:n1], y[0:n1], z2[0
Z2 = rbf2(grid_x, grid_y)

rbf3 = scipy.interpolate.Rbf(x[0:n1], y[0:n1], z3[0
Z3 = rbf3(grid_x, grid_y)

rbf4 = scipy.interpolate.Rbf(x[0:n1], y[0:n1], z4[0
Z4 = rbf4(grid_x, grid_y)

# make values below 0 to be 0
for i in range(0,rows):
for j in range(0,columns):
if (Z1[i][j]<0):
Z1[i]]=0
for i in range(0,rows):
for j in range(0,columns):
if (Z2[i][j]<0):
Z2[i][j]=0
for i in range(0,rows):
for j in range(0,columns):
if (Z3[i][j]<0):
Z3[i][j]=0
for i in range(0,rows):
for j in range(0,columns):
if (Z4]i][j]<0):
Z4[i[j}=0

#exclude the part outside building (for 2 by 2 gird
for i in range(0,5):
for j in range(0,11):
Z1[i][j]=float('nan’)
Z2[i][j]=float('nan’)
Z3[i][j]=float('nan")
Z4[i][j]=float('nan")
foriin range(9,15):
for j in range(4,8):
Z1]iJ[j]=float('nan")
Z2[i][j]=float('nan")
Z3[i][j]=float('nan’)
Z4[i][j]=float('nan’)
for k in range(12,17):
Z1]i][k]=float('nan")

4]

:n1], function="thin_plate")
:n1], function="thin_plate")
:n1], function="thin_plate")

:n1], function="thin_plate")
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Z2[i][k]=float('nan")
Z3[i][k]=float('nan")
Z4[i][k]=float('nan")
for i in range(19,23):
for j in range(9,21):
Z1[i][j]=float('nan’)
Z2[i][j]=float('nan’)
Z3[i][j]=float('nan")
ZA[i][j]=float('nan")

#exclude the part outside building (for 4 by 4 gird )
# for i in range(0,3):
# for j in range(0,5):
# Z1[i][j]=float('nan’)
# Z2[i][j]=float('nan’)
# Z3[i][j]=float('nan")
# ZA[i][j]=float('nan")
# for i in range(5,8):
# for j in range(2,4):
# Z1[i][j]=float('nan")
# Z2[i][j]=float('nan")
# Z3[i][j]=float('nan’)
# Z4[i][j]=float('nan’)
# for k in range(6,8):
# Z1[i][k]=float('nan")
# Z2[i][k]=float('nan’)
# Z3[i][k]=float('nan’)
# ZA4[i][k]=float('nan")
# for i in range(10,12):
# for j in range(4,11):
# Z1[i][j]=float('nan’)
# Z2[i][j]=float('nan’)
# Z3[i][j]=float('nan")
# ZA[i][j]=float('nan")
return [Z21,22,23,24]

draw_heatmap.py
import matplotlib.pyplot as plt

def draw_heatmap(heatmaps,rows,columns):
# Draw the heat maps
for i in range(0,len(heatmaps)):

plt.subplot(2, len(heatmaps)/2, i+1)
plt.imshow(heatmapsi], extent=(1,columns,1,rows), origin="upper', vmin=0, vmax=60)
plt.titte('Scanner{0}'.format(i+1))
plt.colorbar()
plt.show()

localization.py

import math
def localization(n1,n2,rows,columns,x,y,z1,z2,z3,z4 ,heatmaps):
# localize testing points in the grid using the hea t maps created with the sampling points
lcz=[]
for k in range(0,n2):
mindiff=9999;

for i in range(0,rows):
for j in range(0,columns):
if math.isnan(heatmaps[O][il[j]):
continue
diff=math.sqrt((z1[n1+k]-heatmaps[O][i][j])**2+(z2[ nl+k]-
heatmaps[1][i][j])**2+(z3[n1+k]-heatmaps[2][i][j])* *2+(z4[n1+K]-
heatmaps[3][i][j])**2)
if (diff<mindiff):
XX=i
yy=j
mindiff=diff
dx=x[n1+k]-xx
dy=y[n1+k]-yy
Icz.append([x[n1+k],y[n1+k],xx,yy,dx,dy,2*math.sqrt (dx**2+dy**2),mindiff])
return Icz
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intersection.py
from grid_intersect_sub import grid_intersect_sub

def intersection(lcz,cells,subs0,subs1):
# find the subdivision which the localized cell lie
rec=[]
for i in range(0,len(Icz)):
x0=lcz[i][0] #Ground truth x
y0=lcz[i][1] #Ground truth y
xx=lcz[i][2] #Calcuated x
yy=lcz[i][3] #Calcuated y

NO=columns*(rows-x0-1)+y0 #Index of ground truth ce
N1=columns*(rows-xx-1)+yy #Index of calculated cell

#Index of ground truth subdivision
indx_gt=grid_intersect_sub(cells[NO],subs0)[-1][1]
#Index of the subdivision which the calculated cell
indx_s0_1st=grid_intersect_sub(cells[N1],subs0)[-1]

# check if it is correct. if not, a second or even
be given
if indx_s0_1st !=indx_gt:
# Check in which sub of subs1 the calculated cell |
indx_s1=grid_intersect_sub(cells[N1],subs1)[-1][1]
# Check which subs of subsO intersect with this sub
indx_s0s1=grid_intersect_sub(subs1[indx_s1],subs0)

if indx_s0_1st==indx_s0s1[-1][1] and len(indx_s0s1)
indx_s0_2rd=indx_s0s1[-2][1]
if indx_s0_2rd != indx_gt and len(indx_s0s1)>=3:
indx_s0_3nd=indx_s0s1[-3][1]
if indx_s0_3nd==indx_gt:
result="localized successfully'
else:

s in through intersection

Il'in the grid
in the grid

liesin
[1]
a third subdivision alternative will
ies

of subs1

>=2:

result="3 chances at most, localization failed'

else:
if indx_sO_2rd == indx_gt:
indx_s0_3nd=None
result="localized successfully’
else:
indx_s0_3nd=None

result="no other choice, localization failed'

elif indx_s0s1[-1][1] != indx_s0_1st and len(indx_s

indx_s0_2rd=indx_s0s1[-1][1]

if indx_s0_2rd != indx_gt and len(indx_s0s1)>=2:

indx_s0_3nd=indx_s0s1[-2][1]
if indx_s0_3nd==indx_s0_1st:
if len(indx_s0s1)>=3:
indx_s0_3nd=indx_s0s1[-3][1]
if indx_s0_3nd==indx_gt:

result="localized successfully’

else:

0s1)>=1:

result="3 chances at most, localization failed'

else:
indx_s0_3nd=None

result="no other choice, localization failed'

else:
if indx_s0_3nd==indx_gt:
result="localized successfully'
else:

result="3 chances at most, localization failed'

else:
if indx_s0_2rd == indx_gt:
indx_s0_3nd=None
result="localized successfully'
else:
indx_s0_3nd=None

result="no other choice, localization failed'

else:
indx_s0_2rd=None
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indx_s0_3nd=None
result="no other choice, localization failed'
else:
indx_s0_2rd=None
indx_s0_3nd=None
result="localized successfully'

rec.append([NO,N1,indx_gt,indx_s0_1st,indx_s0_2rd,i ndx_s0_3nd,result])
return rec

grid_intersect_sub.py
def grid_intersect_sub(cell,subs):
#intersect grid cells with subdivisions
rec=[]
for i in range(0,len(subs)):
if cell.intersects(subsi]):
rec.append((cell.intersection(subsi]).area, i))

rec.sort()
return rec

APPENDIX 6. CODE FOR THE ANDROID APPLICATON

MainScreenActivity.java

package com.example.derotterdamappsql;
public class MainScreenActivity extends Activity{
Button btnViewDepartments;
@Override
public void onCreate(Bundle savedinstanceS{ate)
super.onCreate(savedinstanceState);
setContentView(R.layout.main_screen);

btnViewDepartments = (Button) findViewByRl{d.btnViewDepartments);

btnViewDepartments.setOnClickListener(nei@w.OnClickListener() {
@Override
public void onClick(View view) {

Intent i = new Intent(getApplicatidontext(), AllDepartmentsActivity.class);
startActivity(i);

}
D

}
}

AllDepartmentsActivity.java

package com.example.derotterdamappsq|l;
import com.example.derotterdamappsql.R;
public class AllDepartmentsActivity extends Listity {

private ProgressDialog pDialog;
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JSONParser jParser = new JSONParser();
ArrayList<HashMap<String, String>> catchdepagtitsList;

private static String url_all_departments =
"http://server.kirupa.nl/damien/get_all_depatis.php";

private static final String TAG_SUCCESS = "s&&%";

private static final String TAG_CATCHDEPARTMEIST= "catchdepartments”;
private static final String TAG_DEPID = "depjd"

private static final String TAG_DEPARTMENT =é&dartment”;

JSONArray catchdepartments = null;

@Override

public void onCreate(Bundle savedinstanceS{ate)
super.onCreate(savedinstanceState);
setContentView(R.layout.all_departments);

catchdepartmentsList = new ArrayList<HaspMatring, String>>();
new LoadAllDepartments().execute();
ListView Iv = getListView();

Iv.setOnltemClickListener(new OnltemClicktener() {
@Override

public void onltemClick(AdapterView<parent, View view,
int position, long id) {

String depid = ((TextView) view.tiNiewByld(R.id.depid)).getText()
.toString();

Intent in = new Intent(getApplicatiContext(),
AllPhonesActivity.class);

in.putExtra(TAG_DEPID, depid);

startActivityForResult(in, 100);
}
D;
}

@Override

protected void onActivityResult(int requestCpuhé resultCode, Intent data) {
super.onActivityResult(requestCode, resodi€; data);

if (resultCode == 100) {
Intent intent = getintent();
finish();
startActivity(intent);
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class LoadAllIDepartments extends AsyncTaska§irbtring, String> {

@Override

protected void onPreExecute() {
super.onPreExecute();
pDialog = new ProgressDialog(AllDepagtmtsActivity.this);
pDialog.setMessage("Loading departmd?itsase wait...");
pDialog.setindeterminate(false);
pDialog.setCancelable(false);
pDialog.show();

protected String dolnBackground(String:gsa {
List<NameValuePair> params = new ArigaitNameValuePair>();

JSONODbject json = jParser.makeHttpRstjud_all_departments, "GET",
params);

Log.d("All Departments: ", json.toSg));
try {

int success = json.getint(TAG_SUGSE,
if (success ==1){

catchdepartments = json.getJSMAY(TAG_CATCHDEPARTMENTS);

for (inti = 0; i < catchdepagnts.length(); i++) {
JSONODbject ¢ = catchdepartts.getJISONODbject(i);

String depid = c.getStringG_DEPID);
String department = c.getl§{TAG_DEPARTMENT));

HashMap<String, String> nrapew HashMap<String, String>();

map.put(TAG_DEPID, depid);
map.put(TAG_DEPARTMENT, dement);

catchdepartmentsList.adgna
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}

} else {

}
} catch (JSONEXxception e) {
e.printStackTrace();

}

return null;

}

protected void onPostExecute(String fild) {r
pDialog.dismiss();

runOnUiThread(new Runnable() {
public void run() {

ListAdapter adapter = new Siefalapter(
AllIDepartmentsActivitlyis, catchdepartmentsList,
R.layout.list_item, n&#ring[] { TAG_DEPID,

TAG_DEPARTMENT},
new int[] { R.id.depiR.id.department });

setListAdapter(adapter);

}
h;
}
}
}

AllPhonesActivity.java

package com.example.derotterdamappsql;
public class AllPhonesActivity extends ListActivify

private ProgressDialog pDialog;

JSONParser jParser = new JSONParser();
ArrayList<HashMap<String, String>> catchphonissL

private static String url_all_phones =
"http://server.kirupa.nl/damien/get_department_itkefhp";

private static final String TAG_SUCCESS = "s&&%";
private static final String TAG_CATCHPHONES eatchphones”;
public static final String TAG_PHONEID = "phadg
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public static final String TAG_NAME = "name";

public static final String TAG_MACADDRESS = "maddress”;
private static final String TAG_DEPID = "depjdl weg?

String depid;

String phoneid,;

JSONArray catchphones = null;

@Override

public void onCreate(Bundle savedinstanceSfate)
super.onCreate(savedinstanceState);
setContentView(R.layout.all_phones);

Intent j = getintent();

depid = j.getStringExtra(TAG_DEPID);

catchphonesList = new ArrayList<HashMap#tr String>>();
new LoadAllPhones().execute();

ListView Iv = getListView();

Iv.setOnltemClickListener(new OnltemClicktener() {
@Override
public void onltemClick(AdapterView<parent, View view,
int position, long id) {

String phoneid = ((TextView)
view.findViewByld(R.id.phoneid)).getText().toStrif)y

String name = ((TextView)
view.findViewByld(R.id.name)).getText().toString();

String macaddress = ((TextView)
view.findViewByld(R.id.mac)).getText().toString();

Bundle extras = new Bundle();
extras.putString("TAG_PHONEID", pleaa);
extras.putString("TAG_NAME",name);
extras.putString("TAG_MACADDRESS'aoaddress);

Intent in = new Intent(getApplicaiiContext(),
SelectPhoneActivity.class);

in.putExtras(extras);

startActivityForResult(in, 100);
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h;
}

@Override
protected void onActivityResult(int requestCpuhé resultCode, Intent data) {
super.onActivityResult(requestCode, resodi€; data);

if (resultCode == 100) {
Intent intent = getintent();
finish();
startActivity(intent);

}

}

class LoadAllPhones extends AsyncTask<Stritigng String> {

@Override

protected void onPreExecute() {
super.onPreExecute();
pDialog = new ProgressDialog(AllPhonesity.this);
pDialog.setMessage("Loading phonesagtlevait...");
pDialog.setindeterminate(false);
pDialog.setCancelable(false);
pDialog.show();

protected String dolnBackground(String... args) {

List<NameValuePair> params = new ArigikNameValuePair>();
params.add(new BasicNameValuePair(tfepepid));

JSONODbject json = jParser.makeHttpRetjue_all_phones, "GET", params);

Log.d("All Phones: ", json.toString());
try {

int success = json.getint(TAG_SUGSE
if (success == 1) {

catchphones = json.getJSONAMAGB CATCHPHONES);

for (inti = 0; i < catchphonlesagth(); i++) {
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JSONODbject ¢ = catchphaypetsd SONODbiject(i);

String phoneid = c.getSI(ihFAG_PHONEID);
String name = c.getStriy@_NAME);
String macaddress = c.get§{TAG_MACADDRESYS);

HashMap<String, String> nrapew HashMap<String, String>();

map.put(TAG_PHONEID, phafjei
map.put(TAG_NAME, name);

map.put(TAG_MACADDRESS, raddress); // only first values written?

catchphonesList.add(map); }
} else {

}
} catch (JSONEXxception e) {
e.printStackTrace();

}

return null;

}

protected void onPostExecute(String fild) {r
pDialog.dismiss();

runOnUiThread(new Runnable() {
public void run() {

ListAdapter adapter = new Siefalapter(
AllPhonesActivity.thisatchphonesList,
R.layout.phonelist_itemew String[] { TAG_PHONEID,

TAG_NAME, TAG_ MCADDRESS},
new int[] { R.id.phorkiR.id.name, R.id.mac }); //

setListAdapter(adapter);
}
bk
}
}
}

SelectPhoneActivity.java

package com.example.derotterdamappsql;
public class SelectPhoneActivity extends Activity {
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JSONParser jParser = new JSONParser();
ArrayList<HashMap<String, String>> catchphortedlsList;

String phoneid,;

JSONArray catchphonedetails = null;

@Override

public void onCreate(Bundle savedinstanceSfate)
super.onCreate(savedinstanceState);
setContentView(R.layout.select_phone);

Bundle extras = getintent().getExtras();

String name = extras.getString("TAG_NAME");
String macaddress = extras.getString("TAGGADDRESS");

WifiManager manager = (WifiManager)
getSystemService(Context. WIFI_SERVICE);

Wifilnfo info = manager.getConnectioninfp()

String address = info.getMacAddress();

TextView txtPhoneName = (TextView)findViewBl(R.id.txtPhoneName);
TextView txtPhoneMac = (TextView)findViewRBi(R.id.txtPhoneMac);

txtPhoneName.setText(name);
txtPhoneMac.setText(macaddress);

TextView txtOwnMac = (TextView)findViewByl&R.id.txtOwnMac);
txtOwnMac.setText(address);

Button btnGetRoute = (Button) findViewByRI{d.btnGetRoute);

btnGetRoute.setOnClickListener(new View.QoKListener() {
@Override
public void onClick(View view) {

Intent i = new Intent(getApplicati@ontext(), GetRouteActivity.class);
startActivity(i);
}
D;
}

@Override
protected void onActivityResult(int requestCpuhé resultCode, Intent data) {
super.onActivityResult(requestCode, resodi€; data);

if (resultCode == 100) {
Intent intent = getintent();
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finish();
startActivity(intent);
}
}
}

GetRouteActivity.java

package com.example.derotterdamappsql;
public class GetRouteActivity extends Activity {
Button btnMapView;
@Override
public void onCreate(Bundle savedinstanceS{ate)
super.onCreate(savedinstanceState);
setContentView(R.layout.get_route);

Button btnMapView;
btnMapView = (Button) findViewByld(R.id.bihapView);

btnMapView.setOnClickListener(new View.OrgBListener() {
@Override
public void onClick(View view) {

Intent i = new Intent(getApplicati@ontext(), MapViewActivity.class);

startActivity(i);
}
D;
}
}
MapViewActivity.java

package com.synthesis.deRotterdamApp;
public class MapViewActivity extends UnityPlayerAaty {
public static Context mContext;
@Override
protected void onCreate(Bundle bundle)
{
super.onCreate(bundle);
mContext = this;
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routeRenderer.js

#pragma strict
var nodelnfo : TextAsset;

function Start () {
var routeArray = [1408,1409,1404,1405];
var routeVectorArray = new Array();
var lines = nodelnfo.text.Split("\n"[0]);
var nodelnfoLength : int = lines.Length;

var finalNode : int = routeArray[routeArray.Lenglh;
var finalFloor : int = (finaINode/100);
for (var geomindex : int = 14; geomindex < 17; médadex++)
{Debug.Log(geomIindex);
if (finalFloor != geomIndex)
{var tempGeom : GameObject = GameObject.FindéRHEloor" +
geomlindex); tempGeom.SetActive (false);}

}

for(var i : int = 0; i < routeArray.length; i++)
{
var tempNode = routeArrayl[i];
for(var j : int = 1; j < nodelnfoLength; j++)
{
var nodeParts = lines[j].Split(";"[0]);
var nodelD = int.Parse(nodeParts[0]);
if (nodelD == tempNode)
{var nodeX = float.Parse(nodeParts[1]);
var nodeY = float.Parse(nodeParts[2]);
var nodeZ = float.Parse(nodeParts[3]);
var nodeVector : Vector3 = Vector3(nodeX,nodedeZ);
routeVectorArray.Push(nodeVector);

}

var lineObjectArray = new Array();

for(var index : int = 0; index < routeVectorArrégngth-1; index++)
{
Debug.Log("pair" + index.ToString());
var pairStart : Vector3 = routeVectorArray[index]
Debug.Log(pairStart);
var pairend : Vector3 = routeVectorArray[indexi1]
Debug.Log(pairEnd);
var tempObject : GameObject = new GameObject();
var renderer : LineRenderer = tempObject. AddCamept(LineRenderer);
renderer.SetVertexCount(2);
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renderer.SetWidth(0.5f,0.5f);

renderer.SetPosition(0, pairStart);

renderer.SetPosition(1, pairEnd);

var blueMat : Material = renderer.material;

var mat : Material = Resources.Load("blueLingpeof(Material) ) as
Material;

renderer.material = mat;

blueMat.shader = Shader.Find("Custom");

}

var startNode : GameObject = GameObject.CreateffratPrimitive Type.Sphere);
var startVector : Vector3 = routeVectorArray|[0];
startNode.renderer.material.color = Color(0.2@&0);
startNode.transform.position = startVector;

for(var index1 : int = 1; index1 < routeVectorAyrkength-1; index1++)
{
var middleNode : GameObiject =
GameObiject.CreatePrimitive(PrimitiveType.Sphere);
var middleVector : Vector3 = routeVectorArray[adL];
middleNode.renderer.material.color = Color(1,@)1,
middleNode.transform.position = middleVector;

}

var endNode : GameObject = GameObject.CreateRra(frimitive Type.Sphere);
var endVector : Vector3 = routeVectorArray[route#y.Length-1];
endNode.renderer.material.color = Color(0.2,00800;
endNode.transform.position = endVector;

}
function Update () {

}

rightButtonScript.js  Similar code is created &ll zoom and pan buttons
function OnMouseDown(){

print("down");

}
function OnMouseUp(){

print("up”);

var currentX : float = Camera.main.transform.gosiix;

var currentY :float = Camera.main.transform.posity;

var currentZ :float = Camera.main.transform.posiiz;

var stepSize : float = 30/currentY;

Camera.main.transform.position = Vector3(currerglépSize, currentY, currentZ);

}
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Get_all_departments.php

<?php

/I array for JSON response
$response = array();

require_once _ DIR__ . '/db_connect.php’;

$db = new DB_CONNECT();

$result = mysql_query("SELECT *FROM catchdepartrs&nor die(mysql_error());

if (mysql_num_rows($result) > 0) {

$response["catchdepartments”] = array();
while ($row = mysql_fetch_array($result)) {

$catchdepartment = array();

$catchdepartment["depid"] = $row["depid"];
$catchdepartment["department"] = $row["depant"];
$catchdepartment[“created_at"] = $row["tedaat"];
$catchdepartment['updated_at"] = $row["updaat'];

/Il push single department into final resg@array
array_push($response|["catchdepartmentsdichdepartment);

}

$response[“success"] = 1;

echo json_encode($response);
} else {

$response["success"] = 0;
$response["'message"] = "No departments found";

echo json_encode($response);
}
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?>
Get_department_details.php

<?php

$response = array();
require_once _ DIR__ .'/db_connect.php’;
$db = new DB_CONNECT();

if (isset($_GET["depid"])) {
$depid = $_GET['depid];

$result = mysqgl_query("SELECT * FROM catchphe®N¢HERE depid = $depid");
if (lempty($result)) {
if (mysgl_num_rows($result) > 0) {

$response["catchphones"] = array();

while ($row = mysql_fetch_array($result)) {
$catchphone = array();
$catchphone["phoneid"”] = $row["phoneid"];
$catchphone['name"] = $row["'name'];
$catchphone['macaddress"] = $row["'macaddress"];
$catchphone['department"] = $row["department"];
$catchphone["depid"] = $row["depid"];
$catchphone["created_at"] = $row["created_at"];

$catchphone["'updated_at"] = $row["updatat"];

array_push($response|["catchphones"], $catchphone

}

$response['success"] = 1;
echo json_encode($response);

}

}else {

$response["success"] = 0;
$response['message”] = "No phone found";

echo json_encode($response);
} else{

$response["success"] = 0;
$response['message”] = "Required field(s) issinig";

187
Synthesis Project De Rotterdam 2014:
Matilde Oliveti| Godelief Abhilakh Missier| Damidiulder| Dimitris Zervakis| Haoxiang Wu



echo json_encode($response);

}
?>
db_connect.php

<?php

class DB_ CONNECT {
function ___construct() {

$this->connect();

}

function __ destruct() {

$this->close();

}

function connect() {
require_once __ DIR__ . '/db_config.php’;

$con = @mysql_connect(DB_SERVER, DB_USER, BASSWORD) or
die(mysqgl_error());

$db = mysql_select_db(DB_DATABASE) or digql_error()) or
die(mysql_error());

return $con;

}

function close() {
mysql_close();
}
}

?>

Db_config.php
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<?php

define('DB_USER', "XXXXX"); // db user
define('DB_PASSWORD', , "XXXXX"); // db password éntion your db password here)
define('DB_DATABASE!, , "XXXXX"); /| database name

define('DB_SERVER', "XXXXX"); // db server
7>
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