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Abstract

In the field of Smart Homes a fundamental issubas of the localization of people. Some
technologies that work well outdoors, such as Gi®S)ot function as well inside a house.
The problem of indoor localization is far from bgisolved, as a number of issues have to be
addressed such as costs, acceptability of thei@oloy the user, robustness of the solution,
amount of structural changes to the buildings ltlaake to occur, and privacy.

The issue is often addressed recurring to highurqgy radio waves. Techniques like Time of
Arrival, Angle of Arrival and Signal Strength cae bsed to provide an estimate of the
position of a device. Since the earlier two havenbed of highly specialized hardware then
the latter, we opt to investigate a solution thaaps the use of a Signal Strength Identifier.
The Signal Strength Identifier, or SSID for shasta value that indicates the strength of a
received WIFI signal.

This approach has to handle the problem that thigaef the building (such as walls, pipes,
etc.) interferes with the line of sight of the a§and causes problems. For instance, the
degradation of the signal is not regular. To tatkie problem, we propose the use of
Calibration Pin Points. These Pin Points provideheaaom with one or more Points of
measured SSID values.

From these values features can be extracted, winiciin can be used to either locate a
device in relation to such a Pin Point. In thisgrape define the method to set Pin Points and
use them for indoor localization, we also provideegaluation of the method in a building of
the University of Groningen. The approach is basethe fact that the person to be localized
carries a device to receive the earlier mentiongmbs strengths.

In our evaluation, we resort to a simple implemgatethat can easily be ported to Hardware
that is already in many users possessions. Theaserof Smart Phones like the iPhone,
Android Phones, Windows Mobile Phones, Symbian Bié@nes and the likes can be used to
help tackle this problem. Many of these devicescapable of receiving these Signal
Strengths and sending these values to a serveadcihal localisation is Server side as to
prevent load on the Smart Phone.

As a result the paper proposes a system that &btapf locating this device with a high
enough precision to be used in a Smart House. dlnéian is cost effective with the use of
ordinary access points and routers and can be mgriged in any house without any
construction necessary. Provided of course theehowsers places the earlier mentioned
routers and carry their phones with them.
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1 Introduction

1.1 General Introduction

As smart devices become more and more prominemirifife, they become more and more
powerful and connected to various wireless netwdtksould be a shame to waste its
potential, especially in the field of smart homdsiny of these devices include a wireless
networking abilities adhering to one or more of lBEE 802.11 standards [3].

The use of the IEEE 802.11 standard and its sginahgth is often documented as a good
way to find one’s distance to an access point vatative ease in a perfect environment [1,2].
The distance from three of these access pointthegmbe used to locate a single spot in this
environment with a precision of a meter or lesssTqimore then enough for an indoor
location system to find such a smart device’s pasit

Of course an indoor structure is not a perfectesysand walls obstructing the line between an
access point and a device will affect the signélei®this cannot be predicted and sometimes
a signal can even be seemingly erratic in its bielav

1.2 Research Questions

For the research going into the earlier describbedlpm, we have to condense the solution
into one or more research questions. The first fouastions are discussed in this paper, while
the other questions are a discussed in the papey oésearch partner Simon P. Takens. His
research focussed more on the actual localisaitrer then the negation of interference:
* Is it possible by storing calibration values toveolhe problem of a buildings layout
and interference?
* To what level is it possible to negate this intexfeee, by using these stored values and
the Features extracted from them?
* What other features can one add besides the statadto further negate this
interference?
» To what extend can these stored data, Featuresthedfeatures be used to find a
device with stored data location precision.
» Isit possible to use this negation to find a dewvita building with a higher precision
than stored data location precision?
» What different techniques exist and how can theyremented with the earlier
stored values in mind?
* What precision is possible given our current work?

The questions originally sprang by the idea of gisitimed recording of values in a room for
the localisation of a device in a room. Of coutse irecision of these recorded values needs
to be tested to see to what level they can be tasestietect such a device. From this came the
idea to use this stored data as a “finger print'tifiat room a Pin Point so to speak. They
would be function as calibration points to usedesa building. These Pin Points would
function as constants one knows and can use falisation and tracking of a device.

Of course these constants can then be used tadrgegate the influence the building has on
the degradation of the signal strength. This howgeage way to the research of my research
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partner. He tried to find methods using these @onistto find a device in between these Pin
Points. This in turn would make the earlier mergdstored data, extracted Features and
other features constants to work with, in an otleewnpredictable environment, here the Pin
Points would basically form a signal degradatiompragthe building. The Pin Points can then
help make sense of the seemingly erratic influeri¢be building, by providing more
information about the degradation. This howevdreigond the scope of this thesis and is
discussed in the thesis of my research partner.

1.3 Dividing work and research

General System Basic Wifi API Raw Data Calibration Pin Calibration Further Improving | | Test the efficiency
Design Collection Points Features Features of the Pin Points

Finding further localisation Implementmg the_se_ Using Pin Pomt_s Metrics Compare the different Further Improving
. techniques using existing as constants with these k .
techniques ; techniques for precision Features
system techniques

D This Thesis

. Research Partner Thesis[16]

Figure 1: Division of research divided per Thesis sing colouration

Figure 1 shows the general division in researcls paper and my research focused on the
design of the general system, the WiFi APl andgireeration and testing of the Pin Points.
This split was made on the basis of workload asdaech required for each of these options.
By then the WiFi Api and general system design alesady mostly done, and the focus
shifted on researching topics related to the géloerand testing of these Calibration Pin
Points, The Calibration Features and other impip¥gatures.

From here the implementation needed to be testtédthae help of a predetermined test set-
up. It also was needed to establish what valuesesudts needed to be collected. Afterwards
based on the collected results, there should be stisoussion and interpretation that will
then be detailed in this thesis.

1.4 Methodology

The theory behind the system is that each roomdénsibuilding has a unique influence on the
signal. This not only depends on the room’s distdnem the transmitter, but also on
multicast, line of sight and the construction mialerused. Furthermore, the location of
neighbouring rooms can also affect the signal gtterThis usually is a big problem when

one wants to locate a device via the received sggrength indication. Received Signal
Strength Indication, abbreviated as RSSI, does fiemtend to stay at a constant level when
one stays at the particular position. Another minfluence is the presence of people, it is
recommended to make the said Pin Points during tihaythe building is populated to record
the best values.
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Using the information provided in the section abdweas a natural progression to make
identifying fingerprints per room, the so-calledii@eation Pin Points. The original idea was

to use these Pin Points as localisation to findfauperson was in a room or not. This would
create a map of constant Pin Point values collefcted 3 different Access Points taken over
time. From these values certain characteristicdheaextracted, for instance the average value
of the RSSI per Signal. Then as the device deitsctsvn RSSI the comparison to this value,
or Feature, can then be used to provide us witbs#ipe identification or not of the location

of the device with the precision of a Pin Point.

This in turn would create a map of the area forsiygtem by the use of previously collected
information. It might even be possible to use thedaes to estimate a position in between
these Pin Points as they provide us with somelmsifithat particular areas degradation per
room. This however is beyond the scope of this papd is discussed in the paper of my
research partner [16].

However the extraction of Features can also prothidesystem with added precision. Since
the Feature described above is just one average utahight not be very precise. Other
Features like a most frequent and median value trbigmore precise. However, the research
also included the testing of various Features aatufe designs. These are single value
Features; other Features like a Feature that usestimen one value or even a Feature that
would require more then one measurement from theel@re also discussed.

A Feature in essence is the extracted informatiom tthe stored raw data values, which can
be tested with the on the fly gathered results feodevice to either give a positive
identification or a comparison.

To solve this problem we thought of the followilgeasuring the signal strength over time at
certain locations from more then one access pagntrwto capture a “finger print” of that
location. These “finger prints” or Pin Points as @edl them we believe are unique in its
behaviour of the strength of the signal. So in sti@ pinpoint is nothing more then a
measure over time for a specific location in whadlithe raw data of these access points is
stored.

From this raw information we need to extract infatimn of measurement, since just a raw
collection of signal strengths on given times Istaof information to compare. We call this
extracted information a “Feature”. These Featuagsmeasure multiple aspects of a signal
pinpoint, like a pattern over time, averages andmand compare these to a measured signal
of a smart device.

1.5 Test Objectives

In this research we want to test to what extendoameuse the Pin Points as a constant factor
in a building. This testing can be done by tryingletect how well a device can be tracked on
the earlier mentioned Pin Points, the number akfalositives, how well these values hold
themselves over a long period of time and how tielvalues hold when moving from room
to room.

This will also sufficiently test the Pin Point’srfctionality as a map of constants for the area,
showing the degradation of the signals over tha.@@ce if the system is properly able to
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find a device it will mean that the values gathemegluseable for the other research discussed
in the paper of my research partner [16].

Furthermore the testing should include the diffefeatures added to improve the results,
running each test with and without the featuresdbes. But also running a test that has all of
the features enabled. This should show the beuitite features and it's effect on the
gathered results. To prove how much the loss mresinitter affects the system, there also
should be a test that uses less then the requimedra of transmitters that can then be
compared to the results of the others tests.

1.6 Summary

In short this paper focuses on the related worgr@gech, implementation, experimentation,
results and the discussion of afore mentioned relsekirst the identification of related
research and work is essential to full understantbtackle the problem. It also creates a basis
for the reader to get a more in-depth idea of tiedlpm. Furthermore some of the inspiration
was taken from the research done by others andttlsugnportant to state their work and
progress in the field of indoor localisation.

After this the paper focuses on the Approach, whig$ically discusses the approach to the
problem using algorithms, pseudo code and diagrirakso tries to explain what the
different known problems are and how it is triecctanter these. Basically it discusses the
problems, solutions and the system in a theoretitcn schematic way.

After approach follows a section about the impletagon, this is mostly the general design
of the software using during the testing. It ddsesiwhat language was used, developing
environment and uses UML to show the general achite of the system. It serves to give
the reader an understanding of the se-tup, artchreeand development tools used while
testing and developing the system.

Next is the discussion of the experimentationhis section the thesis mostly focuses on the
set up of the experiment and how the system witelséed. It also discusses what tests will be
done, and what results will be recorded. Besidesdlpoints, the section will also contain
information about the hardware used, the map oatka in which the system was tested.

Which follows into the collection of the resultegtsection that mostly sums up what results
have been found in graphs, tables and images.i§ aicompanied with some text describing
the different tables but not any interpretationhef results. This is reserved for the next
section, which is the discussion of these reslitahich these results are used draw
conclusions, graphs, tables and interpretations tiee experimentation.

Afterwards the paper discusses some conclusionsuggkests some of the future work which
might be interesting to research based on the ewrpetation.
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2 Related Work

Over the years many different ways of locating ligkices and people have been identified.
Varying from the use of Radio Frequency Identifi@attags (RFID tags) to using simpler
motes that detect signal strength in a room to fi@dple located in that room. The various
techniques all have their advantages and disadyasita

2.1 RFID Technology

One way of dealing with the problem is via the neeahRFID Tags and receivers. These tags
send their signal to receivers. These receivetgrincan use the signal strength of a device to
calculate an estimate of the distance. There e &eas of using this technology for a
location services in a building.

The first, which is interesting to discuss, wasidally designed for the control of lighting in a
building [4]. Testing it in an area, this area wasurn divided into rooms. Multiple readers
where placed strategically through the area anglibed signal strength to obtain an
approximation of the location. This placement waihlen use the received signal strength of
an RFID tag and with the help of an algorithm baseé Support Vector Machine (SVM) it
would generate results for each given room.

After this they used a round robin to compare twns to each other, this could either result
into a tie (1), a win (3) or a lose (0). Each rooow has its point score and a rank is
calculated. To further increase the efficiencyhwf system they used the layout of the testing
area as an indication of what room you might goart. This increased the precision of the
results but could create a fault if a person mdaster then the system could compensate for.
In these cases the system would get stuck in a wloem in fact the tag itself was already in a
completely different room. To solve this problefmistresearch compared the possible
position to the location indicated by the measured
values. If the possible position differed from the
actual location for a longer period of time, the
possible position is changed to the actual locatior
This last addition offered some interesting ideas =

© Reference Tag |:| RFID Reader

when thinking of Features, as it allowed for the 1m © o o 0o 0o o o o
inspiration for the distance modifier theory foeth 2m | © 0o 0o 0 0 0 0 O
Pin Points. am | 0o 0o 0o 0 0 0 0 ©
4m L o © 0o 0 0o o O o
2.1.1 LANDMARC om - D °c ¢ o 0 0 0o 00 D
Another interesting technology using RFID is omp 0 0 00 00 00
LANDMARCI5] (Location Identification based on ™ - © 0 0 0 0 0o 0 0
Dynamic Active RFID Calibration); thisused a  em 0 0 0 0 06 0 0 0
raster of RFID tags in a room and low number of -
the more expensive readers. The locations of the o
tags are known as the reader reads them out and im 2m 3m 4m 5m 6m 7m 8m
records their signal strength. (a) LANDMARC

Figure 2: Raster layout of LANDMARC,
Source: FLEXOR: A Flexible Localization

w . . Scheme [6]
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When a person wearing a different RFID tag enteggdom the readers will pick up his tag
as will his signal strength. By using this signaésgth to compare it to all other tags in that
room via a formula that will give you a number. Taeer this number is, the closer the
person wearing the tag is to that tag in the room.

This tag is then used with the tags surroundingies tag with the closest values to estimate
a position in-between the raster of tags. Thisgi@u quite a precise location of the user tag
in that room, with precision of the tag latticehagher.

Since RFID Tags are fairly low on costs the landosastem itself is quite cost effective and
thus a good contender for cheap indoor locatiootlér tags. The downside is interference,
which still can affect LANDMARC to quite an exteand it has a lot of overhead for each
new tag entering the area.

2.1.2 FLEXOR

A technology using the lessons learned in LANDMAR®@I extending their research is
FLEXOR]6] (Flexible Localization EXplOits Rfid). Ithis technology they create cells of

tags instead of a raster. These cells have a tag at
the centre named a “Cell Tag”; “Boundary tags”
indicate the border between Cells. The number
of readers is still the same.

© Cell Ta,
g [__| RFID Reader

© Boundary Tag

The reason for this is that it is not always
necessary to provide all of the information
LANDMARC provided; in these case the region
is enough for a location service rather then
precise coordinates. This saves on
computational time, as the system does not need
to check all of the tags all of the time, the Tags
between bordering cells are enough. FLEXOR
also is less influenced by interference.

Like LANDMARC, FLEXOR tries to find the
N tag closest to the tag it needs to track. As
im 2m 3m 4m 5m 6m 7m 8m 9m  mentioned earlier a precise location is not
(b) FLEXOR always needed, therefore FLEXOR supports
Figure 3: Cell layout of FLEXOR, Source: both a “coordinates mode” and a *region

FLEXOR: A Flexible Localization Scheme [6] mode”.

In the region mode FLEXOR only uses the cell tagddtect which region a tracked tag is in.
This is done like LANDMARC by finding the cell taat has signal strength closest to the
measure signal strength of the tag you are tracking

In the “coordinates mode” starts out with a regioode and then uses the “Boundary tags” to
further specify a location. First FLEXOR finds theundary tag closest to the tag it is
tracking. The next step then looks to the two agfaboundary tags in that cell and finds the
one that is the next nearest to the tag it is trackBy using these three tags and their
coordinates one can calculate a coordinate by wsBhgearest neighbour algorithm.
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This algorithm uses the weight of each referengevédich is computed by calculating the
distance value between the tracking tag and tlezeete tags. This distance value calculation
is the same as LANDMARC, but unlike LANDMARC it neiges far less computational

power to process. Since LANDMARC uses all refereilags and this only 3. Also FLEXOR
requires fewer tags to perform in a comparableifesto LANDMARC.

2.2 Received Signal Strength based Technology

Since a signal gets weaker over distance, it isyater indicate your distance from a
transmitter. Various objects in its path, like gaidr people, also affect it. This usually causes
problems but can also be used to detect objedtieiasm area. Discussed in this section of the
paper are the various methods of using ReceivatbS&jrength localisation outside of the
earlier mentioned RFID based methods.

Claims are made that LQI (Link Quality Indicatas)d better choice in this field then RSS,
but some studies show that this actually is famftbe truth [2]. Signal strength can actually
be used quite well and it has shown to be far meeable then originally thought. LQI is an
indicator of the quality of the signal rather ththe strength of the signal.

One method was to use sensors measuring the sigeagth in an area by sensors at its
borders. If a person then enters this area it wafittt the received signal strength in such a
way. By first measuring with six sensors in an mésnvironment and splitting this area up
in a raster, they where able to test the affe@ragn would have while standing at each
section of this raster [1].

A team consisting of some of the same researcinershés time in an indoor environment
followed up the afore-mentioned research [10]. Heey showed in a more in-depth analysis
what affects the signal and how it affects the aigim this scenario they also kept in mind the
inclusion of office objects like chairs and desBsice you also have a multicast problem
(walls reflecting the signal) the system requirddifional training compared to the earlier
research.

Another way of using RSS is by the use of multipdesmitters and finding a sensor. These
access points broadcast their signal as it deg@adesdistance. This degradation is used to
calculate how far that device is from one accesstp8]. By using multiple access points
with multiple signals and knowing where these desiare one can make an estimate of the
location of the sensor. This does need a lot ablon in a building, because of multi path
and line of sight problems.

One of these techniques is called “RADAR” (not iodonfused with RADAR technology)
[14]. This technology uses the signal strengthracdivers to get an estimate of where the
devices are in a building. It does have one drawlizat each time a building changes
significantly the system needs to be recalibrated.

SpotON [15] is system that uses Adhoc Wireless &areghnology, it sensors can be placed
randomly and it can do full 3D localisation. It da@ot require a central controller and in the
above-mentioned features it seems to be quite eniqu

Ezy university of 11
£ groningen



As the above text shows RSS is quite often usebbéation-aware services. And wit the right
amount of calibration and algorithms it can be tashto quite a precise mean of
measurement.

2.3 Time of Arrival based Technology

Another way to find your distance from a radio s@would be Time of Arrival [7]. This
basically means measuring the time difference betviiee transmitter and the receiver and
using this to calculate a distance. These techmedagquire some specific hardware and
lower frequencies to work. As a radio signal traueith the speed of light it is a difficult
process to just measure in software without theofiskedicated hardware.

This technology has some problems of its own artlahrequires a different way of
implementation. One of these problems is bandwasltite sending a timestamp requires you
to send data, which in turn has to be receivediested [8].

2.4 Angle of Arrival based Technology

Angle of arrival is another technique of indicatagosition of a device. The idea behind this
is finding the angle of the device to the antenkas.instance if there are two antennas they
form an imaginary line together. As the transmiisanline with the antennas (bore-side) will
result in an angle of 0 degrees and a broad saitm to the antenna will result in a 180
degree angle.

By adding a third antenna one can find a positiioam wansmitter between antennas one can
extrapolate the angles into a position, sincera #mtenna will add at least two more angle
possibilities on possible antenna lines. From tlaegges one can extrapolate lines with
angles on the lines created by the two antennase$ihe device is somewhere on this line the
second imaginary line from a third antenna with ohthe aforementioned antennas will give
you a more exact position, since the spot whergethgo lines cross each other should be the
position of the device.

This technology is used with cell phones and osllars to find individual cell phones [9],
this technique has also been used with succegsitonissing people by their GSM signal.
For good results however it would require direcs@msing antenna.

2.5 Other technology

Of course not all techniques are based on Radiguerey technology. Some of these
techniques are described below.

2.5.1 Active Badge Location System

A technology named “Active badge Location Syster[Ivas designed in the early 90’s and
used infrared light to locate badges worn by thaupants. It periodically emits an infrared
burst, which in turn is reflected by the badge.nrtbe system can track in which room an
occupant is.

The problem with this technique is that light does pass through walls or opaque objects.
This would mean that each room would need it's avirared transmitters and receivers. On
top of this everybody would need to wear a bad¢ss badge would need to be worn outside
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of the clothing thus making it even trickier to eee a proper ID. Any obstruction will affect
this system.

2.5.2 Cricket

Another example of a non-RF based technology isck@t” [13]. Cricket uses Time
Difference of Arrival (TDOA) to find a position & receiver. Cricket uses both infrared as
ultrasound to find the distance between the variarssmitters (or between various receivers
and one transmitter) and a receiver.

This system has the same flaw as earlier in caieedhfrared, on top of that ultra sound has
a hard time passing through walls and again wowddmthe system would need transmitters
and receivers per room.

2.5.3 SLAM

There is a lot of research done in the field of eearbased localisation. One of these
technologies goes by the abbreviation of SLAM. SLAMans Simultaneous Localisation
And Mapping. It builds a map while trying to locdlee camera-based device. It is closely
related to the field of Computer vision and is esqléy popular in the field of Robotics.

Regarding SLAM there have been quite a few papangjing from using only a Single
camera on a robot[20] but it is also used to lopataple or objects in rooms and
buildings[21]. SLAM however does have a drawbadhé it is quite hard to identify the
persons involved, and that it would require quitene computer processing to process all of
the feeds for all of the rooms involved.

2.5.4 NIST Smart Space Project

Rather then just localisation, the Aim of the NISmart Space Project [22] is to make a smart
room for meetings. With this in mind they createslyatem that could gather information

from two hundred and eighty microphones. This @@&iuge amounts of data time stamped
for the system to process. From this data theyeg#mact information, like location of the
people in the room, what was said or anything #laethe 200gigabytes an hour of
information can provide.

From this information, as mentioned before, a &t be extracted and multiple ways of
location aware systems have been using the teaffieslased at the Smart Space Project as a
basis of their own. Like in the earlier mentionddA\$/ field.

2.5.5 Indoor Localization Using Camera Phones

This system used Camera Phones and their GPRSatmm® provide some localisation
awareness [19]. The system was a very unique agiptoahe problem, as it basically uses
the individual phones as eyes. This in itself waig/\interesting especially in the field of
robotic eyes and identification of location.

It does however have a few problems, first beirag the phone should always be on the
outside with the camera pointing forward. Anotleethiat the phone’s battery will wear out
quite fast if the system constantly has to makeogienor constantly take pictures. The phone
had to be worn around the users neck. All of tfiermation was send over a network
connection, in this case a GPRS connection, whiifckeate traffic or even a lot of traffic if
one has to send photos. The technology itself Waswah very creative and interesting.
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2.6 Discussion

From the topics described above we got severasifteaour own system, especially the

RFID based technologies where interesting. Thedetdogies created the base for the theory
behind the software based Calibration Pin Poirtte. difference being that in the RFID based
research one uses Marker Tags and Localisatiortddgsl the Marker Tag, and the work
tested in this paper uses a software-based appaddeth by standard WiFi Routers. Also
using the layout of the tags to estimate positems finding the closest was inspirational to
the Pin Point detection algorithms.

Even though the RFID based technologies are diftethe Features used in that research are
still quite interesting for our research to study aise for inspiration. The papers discussing
the use of RSS for localisation where interesting @n the subject. Further reading about
other technologies proved interesting to get aa mfehe current state of technology. The
next section of this document discusses the hyp@tlod our system.
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3 Approach

This section of the paper largely discusses ouotingsis and ideas and why we choose for
this system. Regarding this | split up this sectioeeveral sub sections that have an impact
on our hypothesis formulation or if it has to ddawihe hypothesis itself.

3.1 Signal Strength over Distance

As is well known signal strength decreases ovastailce, this means that the further the
distance from a source the lower the strengthsifiaal is. We tested this in a hallway of the
second floor of the Bernoulli Borg. This way weealdy get an idea of how the signal loses its
strength in an actual building without walls inlitse of sight.

In figure 4 shows a graph with the result of thisasurement. Interesting to notice is that the
signal loss is actually quite linear. Even theatises where the lowest loss and the highest
loss are separated, the average of the two stildvgive you linear line. In this research we
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Figure 4: Measurements of signal strength over diaince, where the blue line is degradation of

the lowest loss of signal and the pink line the higpst. signal strength
over a distance of

a meter seems to be more then enough for use iexpariment as a means of identifying a

location. Even the irregular measurements can bé tgsan advantage as discussed in the

next section, which talk more in-depth about thebfgms one encounters in a building.

3.2 Problems in a building

In an ideal situation Signal strength is a verydya@y of measuring a distance from a signal
source. However a building is not an ideal envirenmwalls, metal grating, metal beams
and difference between floors can have a lot dfigrfce on the strength of the signal.

Two of the biggest problems in a building are nualst and line of sight. Both of these
problems deserve some more in-depth attentionegsaite used in the research for defining
unique Pin Points. Multicast and Line of Sight widit only have a significant effect on the
signal strength but will also helps defining rocimsn each other.

Ezy university of 15
£ groningen



3.2.1 Multicast

The first thing discussed is the problems causellibljicasting. In this situation the walls of
a building reflect the signal in such a way thatah actually provide you a slight boost in
signal strength.

Ideal Situation Nuaﬁon

—— A 130 -dbm

120 -dbm

~69.5 -dbm 110 -dbm

Receiver

100 -dbm
[ ~72.5 -dbm

— \ | \ ~

\
@ 55 -dbm 60 -dbm 65 -dbm 70 -dbm 75 -dbm @ 50 -dom 60 -dbm 65 -dbm 70 -dbm 75 -dbm 80 -dbm

Figure 5: A simpler schematic form showing the muitast problem. The left picture is the ideal
situation the right depicts a more realistic situaion.

As shown in figure 5, multicast can seriously affie@ readings for the receiver. A signal
“bounces” of a wall in a room and affecting thensigstrength at the position of the reader.
This can result in a slight boost in signal. Thi®$t is one of the larger problems for finding
your position by signal strengths when using adirdegrading model in an actual
environment and can affect the readouts. Thusstmated model that would work in the
ideal environment shown in the left diagram of figs would be affected by this problem.

In this paper this is treated as a solution toptfedlem, since even if a signal reflects from a
wall it still is fairly unique at that particulantation. The hypothesis is that in this situation
the measured values of three different signal trattesrs will be unique for that area and that
multicast will help in that respect for creatinggure Pin Points per room.

3.2.2 Line of Sight

Another problem in an actual environment is theé'lof sight” problem, a signal drops
rapidly with each object in the line of sight oéttransmitter and the receiver. Since a
building consists of many walls they can actuaffg@ the signal in a different way for each
building.

As shown in figure 6 the relative strength of ansigcan drop significantly. This is a common
problem that plagues not only the usage of sigmahgth for location aware purposes but
also when building a WIFI network inside a buildir@ften this is the cause of a blind spot
with poor reception in a building with otherwisen@re then adequate signal reception.
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Figure 6: A simpler schematic form showing the Lineof sight problem. The left is the ideal situationthe
right shows how objects like walls affect the stregth of the signal.

For us this problem is a two edged sword, in adigf blind spots will also bother our

system. But in this paper it is theorized that walhd rooms actually will make our
Calibration Pin Points more unique. In our hypoihése signal received from three or more
transmitters will be very different this way froraah room. Since rooms are often designed
different on each of the transmitter but also défe in line of sight between each transmitter
and receiver we think it will give very specificadings for each room thus making it easier to
identify our Pin Points.

3.3 Calibration Pin Points

As earlier mentioned our research wants to usavacétdefined pinpoints in rooms to create a
form of calibrated spots of which Features canximpolated and later tested on with the
received signal from a smart device. The geneed liehind this is that each section in a
building has a fairly specific signature when mesgu3 or more signal strengths.

We propose to create these pinpoints by measuning ionger period of time at a certain
location. The values found over time are then stanea file, which also contains the name
and the graphical representation of this locatibis. our theory that the values found at these
locations will be very unique, as the gradual demfasignal strength plus Line of Sight
problems and Multicasting, and will give a veryqum representation of location.

From this information we wish to extract informatithat can be used for the positive
identification of the earlier mentioned Pin Pointich in turn can also be used to get a room
estimate of the location of a smart device. Atdame time our research also tried localisation
between the earlier mentioned Pin Points. Thedeigaes are only shortly mentioned in this
paper as its research is documented in the papey oésearch partner: Simon P. Takens.
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3.4 Features

Earlier this paper mentioned the use of Featuresdiuvhat Features exactly are and the
theory behind these. Since the actual implememtatial theory behind each of the Features
is discussed in later sections of this paper,4b&tion is more about the global idea of
Features, what they are used for and why therere then one.

3.4.1 What is a Feature |/

Creation of a Feature, in our theory, is findingfus
patterns in otherwise raw recorded data for laseraf
identification. Basically it means that a Featwréoi try
to find structure and logic within a large amouht o
numbers and time notations. These structures toave
easy to compare to measured data later on to fgenti
someone is at a Pin Point.

Figure 7 is an example of such a Feature and bigsica ™
the simplest one. This Feature takes all the vaines F'ﬁure 7h: an exampif of a Feature,
averages it as one value. The reason behind tthiatis Vn‘g"ﬁ:ﬁutmeai‘:f;ﬁg;mit‘n';’e;gsais Lsed
the value later read by the smart device shouldysw ¢, compare.

only divert from this slightly and thus can be used

positively identify its location at the said Pinifto

Of course there are some problems with this apprdeat will be explained in the next
section of why it is interesting to use more thee &eature.

3.4.2 Why more then one Feature

The answer to this question is simple; more oftemtnot raw data contains peaks or valleys.
This will affect the average number and maybe thsan extreme way that it is really
different from the numbers measured most frequehtlfact taking the average is one of the
weakest Feature as it may take a lot of fine-tufamgn allowed error. There is also no
guarantee that the fine-tuning is the same for €achPoint or even each Signal for a Pin
Point. This makes it actually a very weak Feathu still good enough to use in the final
tests. In this research however we do not wargljoan this Feature alone.

Other Features need to be found with better cheniatits that will help in a more reliable
identification of a Pin Point. For example the mostnmonly found signal strength or the
highest and the lowest value found. The systemallews for Features that require more
then one measurement before giving a positive ifigation.

3.4.3 What kind of Features

There are a lot of ideas for Features but in gentleege can be split up in three categories:
1. Single Value Features
2. Multi Value Features
3. Multi Measurement Features

Features that fall in the first category are Fesguhat create one value to compare a reading
too from the raw information found, like the Aveealgeature. These are expected to perform
worse then the other types with some exceptionsr&like generating false positives or no
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identification at all. A false positive is an id#ication of a location when you are in fact not
even close to the location, a false negative isekerse of this saying you're not on a
location when you are.

An improvement on this is the Multi Value Featusdich compares one measured value to
more then one and then gives a result. While wkttiiis is more precise then it's single
value alternative but still lacking enough posdgiiei to validate the design of a third kind.

Multi Measurement Features require more then oresoreng value from a smart device
before it gives a positive ID. This Feature wilbal for the most complex of comparisons
after generation. The only drawback behind thes$eaisthey require more time to identify a
location because it needs more then one measuaing,wypically between 25 and 200 or
even more, before giving a positive ID. It is doeadry that they will add a certain stability to
the system, even if the detection itself is loweganerating a false negative or positive will
not affect the amount of measures as much as o@yrneasurement pass.

3.5 Ways of Feature Comparison

The earlier mentioned types of Features need tmbgared to each other for a proper
identification of Pin Point. There are a few tecju@s interesting for this selection. Since not
every Feature is equally important the first thimg need to find a system for is the weight of
each Feature.

3.5.1 Importance of Feature

As earlier mentioned not every Feature is equdflgient. This introduced the need for a
system that added a higher importance to the Fesathat perform well, while not discarding
the Features that are more prone to error. In gétigs means that the system gives an
importance number to a Feature. This number isigiwin which to compare the results of a
Feature during a check to the results of the dteatures. The higher the number the higher a
Feature can score.

The theoretical implementation of this is furthesdribed in the proposed method. In here we
will also go deeper into the exact calculationhef tomparison and why it is important for the
two systems using this importance for their idecation of a Pin Point.

3.5.2 Nearest Pin Points

As discussed earlier each Feature is assigned baruthat defines its importance. However
from this point we can still add some fine-tuninghe actual selection of Pin Points. One of
the Fine tunings we found interesting was inspbgdhe RFID technology that was devised
to control the lighting in a building [4]. They datleed what rooms are situated next to a
positive ID as candidates for the next position.

Our research does not work with rooms but somePBints are still closer to the detected
point then others. These points we would give auson total importance compared to the
rooms that are further away and thus less likelytHe smart device to move to next. The
importance of nearest neighbours can be recalclédter a positive identification of a new
Pin Point. The actual theory behind this is ex@difurther later in this section of the paper.
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3.5.3 Combination

The next step in the process would be to combiedvio earlier mentioned methods. This
means that the importance of well performing Fest@and a multiplier for closer Features to
the last one found should both be implemented amdt together to create a stable detection
of Pin Points. More details about the theory behimsl, is again explained in the next section
of this paper.

3.6 Location of Access Points

Since the signal strength of each access poinipsitant, the location of these access points
also is a factor that should be taken into conaittamn. To just place all three access points in
one room simply will not work. The problem with piag all of these access points in a single
room is that the signal strengths degrade almasilgand thus are difficult to use as valid
signal for localization.

A better way would be to place these access patritecations that are separated from each
other by at least a room. Then the signal alreadles enough to do some form of
localisation but still there might be some problemeegards to room design with regards to
multicasting and line of sight.

The third way and best way is to place the accesggpnear the perimeter of the building or
maximum ranges of other access points. For langdatibgs this means sometimes placing an
access point in the middle between two to locadasrbut for most buildings this means
placing them near the outer walls in different arefthe building.

3.7 Single Value Features

One of the theories most important to our methatlesquality of Features, the simplest of
which is the single value Feature. In essenceRbggure generates one value from supplied
raw data that in turn can be used for comparisamwovalue read from a smart device. The
general equation for this is shown in (1).

Resulte| TRUE. If f(Y()Zrequired
) FALSE , otherwise

Which is a check if the measured value x is withimrequired limit after testing this value
with the function f. Vector x contains the valuesasured for each of the access points.

Function f(x) can be different per Feature andrretwa value that can be checked with the
required value for that Feature. If this value dgjoa surpasses the required amount, the
result will be true otherwise false. This meang tbathis specific Feature the value either
passed or failed as a check for location. The ‘ireqti value is also something that is
different per Feature; this can be a percentaggaason or a value comparison.

As Features need to be created, there also iseaaaldarmula per Feature that creates the
Feature value to check on from the raw data. Tinemgeé form of this equation is quite simple
as it is described in (2).

@ y=2(x)
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This simple form allows for values to be assigreddctor y as function z generates this from
raw data x. This value can later be used in thegéformula described above.

The reason for having the two general forms isttey can be used as a framework for the
later to be defined Features. Knowing all Featwidlgespond in a similar manner makes it
possible to check them in a general way that isémee for all. This means that in a list of
Features there is no need for further defining ifigemode for checks or generation. More on
this is described in the section that speaks atbeumportance of Features, which also
discusses the general checking system.

3.7.1 Average Value

The first Feature used within our system is theaye value of raw data. This is achieved by
summing the raw values for each access point fimpewison to later values. This is done as
shown in equation (3).

n—1
2(0)=(3 (%) I
©) 1=0

Where <x> is a list of vectors with values for ea€hhe access points is shown in equation

(4).
(R)=((R)gs (R)y1oes (R g (K, )

In these equations each value of x in list <x> i80f values for each access point. The
values for each access point are summed into arteriat has a sum for each access point.
After this it is divided by the total amount of uak in the raw data. This results in one
average value for each access point, which isét@nd can be used for checking with the
measured data.

(4)

The next course of action is to calculate a vaklech can be compared, to the required
value. This is done as shown in equation (5).

) -9
f (%)=100-(2—2|%100
) y
Basically this equation (5) calculated the percgatdifference between the measured values
in vector x from each access point compared t@#eeage values calculated in vector y.

This value can then be compared to the requiratkgals stated in the general form before.
Required in this case would be at least 3 accassspmave to be within a certain percentage
difference of vector y. This percentage is not knawthe theory here, since we want to test
this with different values and see what the resarés Required in this case would be a
number of access points passed and it has to Iz eqgor at least 3.
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3.7.2 Mode Value

Another implemented single value Feature is catmgahe mode value of the raw data. This
basically means finding the most frequent signangjth and putting it in the vector y. This

is done by first counting each unique occurrenca foéquency for an access point, as shown
in equation (6).

© V=(Xg s Xq 1ee» Xp_n» Xp_1)

Where the collection of <x> is defined by equat{dh

[

xj=max

™ 0>]<n
The values of z are then generated in (8).
z =count unique frequencies
®) O>1<m

After this process is completed one has to findntla&imum amount of occurrences for that
frequency in a given access point.

These values are put into a vector y so y consfstsvector of frequencies occurrences per
access point. This vector can later be used fangparison to a vector consisting of values
measured. This comparison is identical to the eadiescribed comparison for the average
value. It uses the same principle of calculatimgeecentage for each measured value before
comparing it to the required values for a positdentification of a pinpoint. Again the
requirement in this case is to pass for at leasgji3als or more.

3.7.3 Median Value

The median value basically is taking the middlenpof a sorted list of values. In case of the
total indices of this list being even you add tlve &and divide them by two. Now for the
system this seemed an interesting single valuaiFeeaOften in a sorted list the value found
with the median is actually a value that is eitt@mmon or close to the most common value,
and thus might give very good results.

The equation for this is shown in equation 6.
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(

(x' _ +X' )
— (n/2) (n/2)+1)
2(x)= nmod2=0, >

nmod2+#0, x'<

) n/2)

Where x’ is shown in equation 10 and the collecbbmector x in 11.

a0 X'=sortascendingx)
(X)=[(R)g (R)y e (R) 4 (K], ]

(11)

These equations generate the median value by t#kengniddle value or the two middle
values from the sorted vector and divide it by 2ase it is an even number. This will select
the median values for the Feature and storegliteiivector y.

The check itself again is fairly simple, just likéth the other described single value Feature,
the measured value x is held up against the gesteraédian value y. If x is close enough to
value y with a certain margin it will pass otheravisil, formula 4 and formula 1 describe
these steps.

3.8 Multi Value Features

As earlier mentioned an extension of the Singleug&teatures is the Multi Value one. This
Feature can store more then one value per accagsapd thus allows for a more specific
extraction of information. In general it is veryrsiar to its single value predecessor outside
of a few slight modifications in the general forfosthe generation.

The general form for generation now is capableasfdling an array of multiple vectors. Thus
allowing for more then one vector value in y. Tti®nge is shown in equation 12, where the
function z returns an array of vectors it generdtech raw data x.

1z Jor Vo Yz Yona)=2(%)

The function z is different for each Feature ansl g collection of vectors with values. X is
the raw data collected earlier. These values irvéogors y can then be used to compare to the
values measured by the smart device.

While the comparison formula itself stays the s#éineeformulas used to generate a
comparison to the required values become slightyencomplex. As now the formula
compares it to more then one value, opposed tadefhich compares it to only one value
per measured value.

3.8.1 Highest and Lowest Median Value of top and bottom percent

The simpler of the two Multi Value Features usetha of a highest and lowest Median value
generated from the top and bottom percent of thvedata. Basically this will walk through

the collection of raw data and find the lowest aighest value for each access point. The
reason for this was that just taking the minimurd araximum values of the raw data was too
prone to error.
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The first formula described in equation 13, is thiad generation from the raw data.

a3 Z(x)=(top(X),bottom(X))

This basically looks through the raw data and fittdsmaximum and minimum value for
each access point and stores it in a comparisareseg containing two vector indices. The
first being the maximum measured value, the othemninimum.

The calculation of the said top and bottom valsedone via the use of an algorithm. Because
of flukes there might be unusually high and lowdiags, the system cannot just take the
minimum and maximum values. For this reason it meeded to find a formula to obtain

more realistic but also accurate values as wagitledcearlier on.

The system does while making use of the followimgriula described in equation 14 for the
maximum and minimum values.

X' X' ) (x'  +x' )
; _ (i-n) ((i-n)+1) ; —_ (0+n) ((0+n)}+1)
top(x')=| IM0d2=0, 5 bottom(x')=|'M0d2=0, 2
imod2#0,x"_, imod2#0, X",
X '=sortascendingx)
i=length X')—1
i i
Nn=—-<10?10——
14 100 100

In short we sort the values from high to low, thentake the top and bottom 1 percent. Since
in raw data of shorter durations this can lead yoatonly have a few samples, the minimum
length of samples is 10. From these values wettakenedian value that represents our
maximum and minimum values.

During initial tests of the Feature over variousiis of raw data, this seemed to give an
accurate representation of most common maximunesand minimum values. This also
filtered out the flukes represented by values #inatcaused by an erroneous reading or other
factors that are not constant enough to be usedrifreatures. The reason for using the 1
percent mark is that for longer raw data pin paifdrmation there also is more data and
more chance for it to contain inaccurate valuesa$the raw data grows so does the
generation of the Feature.

The Feature check itself is fairly simple as iscdged in equation 15.
TRUE, y<x<y,
(15) FALSE , Otherwise

If the measured value is between the minimum aadrtAximum value it returns a positive
identification otherwise a negative one.

result=

3.8.2 Random Values From Sample

Another multi value Feature is one only in theatrys not generated but takes a random value
for each of the access points from the raw datadxcampares it to the measured values. In
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essence this Feature is quite simple. The compaegen stays the same as those in the first
Feature mentioned. It compares the measured \valile random selected y and calculates a
percentage difference. If this difference fallshantacceptable tolerances it passes, otherwise
it fails. If it passes on a set number of accesstpohe Feature provides a positive
identification of the Pin Point.

The check itself is basically the same as everylasinalue Feature; it just looks if the
measured value is within the tolerance of the seteandom value and returns a true or false
if it does. For the formula behind these checkagaeread further up in the section discussing
the single value Features.

3.9 Multi Measurement Features

The most versatile Feature type developed is thié Measurement Feature. This one
requires more then one measurement from the sreaitedto give a positive identification of
the Pin Point. This has as advantage that theraysa@ include more identifying information
in the Feature, and make it more agile. Howevalsid will cost more time to get a positive
identification as a certain amount of measuremleatve to pass the test rather then just one.

The general form for checking these Featuresgbidji different from the one used with
Single and Multi Value Features as is shown in eqod.6.

( n—1
TRUE, if(z Resultz finalRequired
=0
FALSE , Otherwise

final=

(16)

Where result is described in equation 17.

1, f(x )=required

Resulg: |
0,Otherwise
Result =1 f(X;,)=required

a7 0,0Otherwise

Since the check requires more then one measureshtrg smart device, the general form of
this Feature different. It is built up from the geal form used in the earlier described
Features. The difference being that instead ofmetg TRUE or FALSE, they return a one or
a zero and store this in a results array.

After all the results are summed, they are chedkidgy pass or fail the final requirement.
This is a number that indicates how many of thekt@eed to successfully pass for
identification of the Pin Point. This last stepureis the normal Boolean result of the Feature,
which positively or negatively identifies the Feattdor the Pin Point.
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The general form of the generation formula is ta®ma as that one of a Multi Value Feature.
By returning a collection of y vectors that arediar each individual Feature. But even
though the result is the same, the handling ofuisge in the checking formula is radically
different from the Multi Value Feature.

3.9.1 Comparing to Random Values over Time

A Feature that came to mind that would use the iNWdtasurement Feature was one that
compares read values over time to randomly sele@keks from raw data. The generation of
this process basically takes the signal strengtaratom times from the raw data and stores it
in a collection of given amount of y vectors. Tisshown in equation 18, which uses the
random time values to select the signal strengtim the raw data.

(18) z(x)=[x(randomtimg, , x(randomtime,, ..., x(random time_ . , X( randomtime(n)]
These values then need to be compared to the valeasured by the smart device. Each time
a new value is put in the Feature the old valwdesliforward to the next comparison position
which in turn causes the value in that positioslie forward and so on. In total one would
need about a less then the total amount of measmtsrto positively identify a Pin Point.

The comparison itself is described in formula 45 trasically is the formula filled in for each
of the x values and measured value The only difie#es now this formula is done multiple
times and compared in a way described in formula 11

3.9.2 Values over time

The more interesting Multi Measurement Featuresharse that use the standard single value
Features described above to generate a Measuren®rtime. By using a sliding
measurement window of values and comparing itécsthaller sub windows within the raw
data the system basically uses a multi measuredl&sivalue Feature over time.

For testing purposes we made multi measurementifésabf the following types:
« Average Read Value over Tin®&?
« Mode Value over Tim&"®
« Median Value over Tim&®

Taking small time steps over the raw data you caate smaller versions of timed Pin Point
information. These time steps can then be fedeadihgle Value Features to create Feature
information for each. The Features themselveshae stored as a consecutive array of
Features, with each its own check and functions.

The check itself is even simpler, one can storertbasured values in a similar array that
slides over the Feature array, each of these vahrebe used in the Feature object to give a
positive or a negative result with the current egtwovided by his time sample. With each
new time sample all of the other samples slide abheroldest is thrown out and the newest is
added. The sum of all of the checks is then congptréhe minimum required and if it passes
the multi measurement Feature returns a positiveqgant ID. This process is roughly
described in Appendix A. In this diagram the fetp shows the initial state of the Feature,
the second provides it with new date replacingaldest and sliding up the rest finally the
third does the checks using the already codedesvajue Feature checks before returning the
amount that passed. This number is then used tid eeFeature passes or with a minimum

pass value.
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The drawback of this system is that it might taKeva seconds or even longer before
identifying a pinpoint, but it has a big advantagease the measured data gives an
unexpected and erroneous value. Since such valeés e minority the sum of the checks
still would filter it out.

3.10 Error Calculation

In the previous sections about Features we ofterateout a margin when running the Feature
checks. This is basically an error margin thattexighen one measures data. Since not all
rooms are considered equal in our theory, whict eds be used to get a better identification
of a Pin Point, not all Pin Points and Signals hidneesame Error Margin. Because of this the
system will calculate a margin per raw data foneig pinpoint. This process is described in
equation 19, which assumes that average value adé ralue calculation over raw Pin Point
data is available in Feature form.

10,if x' <10
error(X)=125,if x' > 25
19) x"',Otherwise
Where X’ is described in equation 20.

co X'=|(averagevaluéx)—-modevaluéx))|

First calculated is the average value (3) (4) thednode value (6) (7) (8), as we did in the
earlier single value Feature, per Pin Point andspgral. The next step is subtracting the two
values and taking the absolute to get the diffezembe reason for using the average and the
mode value is because the mode is the most frequesdured value while the average is
affected by minimum and maximum values that arererous and thus create a difference.
Since sometimes a Pin Point is located in a sudimgrnthat has a characteristic low error
measurement rating for certain signals, in thesesthere is a minimum of 10 points allowed
error. Some rooms however have the opposite féaioesignals, for these cases the system
has a maximum of 25. This top and bottoms are sacg$ecause in our early tests we
sometimes found values that wend to extremes eithgr

This still allows for an error margin per signal g&gn Point while limiting the extreme cases
in only allowing them a 25-point difference frometimeasured value.

3.11 Relevance of Features

After all the Features are defined it is safe suage that not all Features are as capable in
detecting a Pin Point as others. To not allow these performing Features to overshadow the
better performing ones, a system was designedvinatd allow for weights to be added to a
Feature. In the following section are about thasiec making for weight values. Also it was
discovered that some Single Value Features migtibqme better then initially expected.
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3.11.1 Calculating what Feature has the most positive impact

To calculate a weight for a Feature the systenfaaf4 minutes straight at a Pin Point that
was known to be far from perfect. The whole time slystem recorded the results per Feature
and gave them a
timestamp. With this
information it was
possible to see the
performances of each
individual Feature.
These results are
shown in figure 8.

Performance of Metrics

ModeValueOvertime

&\\\\\\\\\\\\N 1317
 js

1101 B AverageValueOverTime

i 446
¢ A MO TREIAMRATHRAAL) 470

1393

MedianValueOverTime

B RandomvalOverTime

M MinMaxMultival

Metrics

Surprisingly it shows .
. 1812 B RandomMultival
that the Multi B~

Measurement i O OneValueModeFeature
Features aCtua”y F O OneValueMedianFeature
perform very poorly
compared to their
single value Feature
counterparts. T.he Figure 8: A graph showing the amount of positive idntifications of a pin point
reason for this is the during a stress test of 94 minutes

huge fluctuation of

values on the Pin Point we choose to test. It lo@gever have another advantage, which also
explains why it gives such a poor performance.

0 1000 2000 3000 4000 | mOneValueAVGFeature
Found Pin Point Total out 4076

Since the values fluctuate extensively at thisgeimt it often goes beyond the found scope
for each Feature. Because a Multi Measurement Feeageds at least a few seconds to find it
again, sometimes these Features cannot do thisenboefore the point starts to fluctuate
again.

Now this is also an advantage at points that arduntuating as much. Because those Pin
Points the less common fluctuation will not affdet other measurements as much and
basically will be filtered out. From this one caaysthat although a Multi Measurement
Feature should have a lower importance than theeM&due Single Value Feature, it should
still be higher then the average which was ofténrofeneral testing and is more prone to be
affected by error values.
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Another point seen in this figure is that althodlgh random value is not as often right as
some of the other Features, it still sometimeggist when all the others are wrong. This is
because of the inherent behaviour of the Featutetdraving a chance of selecting the right
value from its own erroneous values in the raw.dBtgs was shown while plotting, shown in
figure 9, the contribution of each Feature oveltim
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m 1 Time
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Figure 9: A graph showing the contribution of each-eature over time. Where a positive ID will add 1a the
height of the bar. The different colours indicate he different Features.

Basically each Feature has a colour and will bevshan the graph with the value of 1 if it
returned a positive result, Features that did etirn a positive result will not be added to the
influence and thus are not shown. This value vélbdded on top of the other found Features
to show its contribution and gives a clear viewhs influence of a Feature over time.

It can be clearly see that the green colour oMieMax Multi Value Feature stands out.
This Feature is the most prominent in the graplotAer thing noticeable is that the Multi
Measurement Features, although performing poortiiigparticular setting, do not die out as
fast as the others and sometimes even survive wthitr completely disappear. The random
Feature also shows that during these periods iesomas pops up with a valid identification.
This demonstrates the already stated benefit iredinker section.
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False positives
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Figure 10: A graph showing the amount of false posves found per neighbouring room per Feature.

The next thing to take into account is the falsgifpaes generated by a Feature. Taking the 3
closest Pin Points to measuring Pin Point and gd®w often each Feature gave a false
positive of its location gave us this value. Taifethis we show the results of this in a graph
shown in Figure 10.

It was particularly surprising to see that the Ipestorming Feature also had a low, near zero,
false positive level. The Random Value Multi Vakeature on the other hand performed
quite poorly compared to the others.

Taking into this into account the following simmquation, shown in equation 21, was
devised.

ey Importance(x,y)=x—y

Where x is the amount of proper positive identiiimas and y the number of false positive
identifications.

There are several reasons to go for this formulaaso takes in account the number of false
positives while still using integer numbers. Byilimg the number of floating point
operations we limit the amount of processing tieguired. A CPU is a lot more proficient in
Integer operations than they are in floating pojmrations. Since the result from this
calculation (an integer number) will come back gwgtection cycle, it is wise to spare its
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power in this area. The usage of this value incédeulation itself will be explained in the
next section of the paper.

3.11.2 Importance comparison while running

The importance calculation itself is fairly simpiebasically pre-calculates the sum of all the
Features’ importance values as a total. This tetdden multiplied by a value between 0 and
1. This value is then rounded to a whole value ¢hatfunction your minimum requirement if
needed. This multiplier basically can be change®teive different minimum requirements.

Basically what the system does is return the PintRath the highest value, there are then
two methods, one takes the earlier mentioned mimraod checks it against that number to
see if it is at least equal too or higher, the ojhst returns the name of the pin point with the
highest value. The first one basically is needethase sure false positives are curtained
when walking close by a point but still not closmegh that you want the system to identify
the pin point.

3.12 Nearest Neighbour

One of the lessons taken from the researched wenlesearched is to take closer points into
account over points further away. The closer pondsld be given a higher weigh then the
more distant points. Calculated by equation 23, weight is a number returned between 1
and 2.

multipliers=(1+h=xdistancesg,.. ,1+hxdistances)

(22)
Where h is defined in equation 23.

1
0y  Max(distance$
The distance themselves are calculated and platea ivector in equation 24.
distances=(z,—(t,),)+(z,—(t,),), -, \(z,—(t ), )+(z,—(t),)

—_— - —

t=(t, ,,...t —1,{)

1,-2" ’

(24)

1 being the Pin Point on the same floor that ithiest away, while 2 being the last detected
Pin Point. This formula calculates the Euclidiastainces between points and the last found
point. After this it divides 1 by the largest diste to receive a linear value for each distance
unit. This value is then multiplied per distance anbtracted from 2. This is the distance
weight for each point in the system.

Since the number calculated above is a floatinggpaumber, it will only be used to multiply
the importance of each Feature after a comple®ly point has been found. This will make
sure that the system does not have to do a flogiongt calculation for each cycle, on top of
the benefit for not having to calculate it for eveycle. The reason we choose for a 2 for the
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last found point is to filter out false positivéisalso has the added benefit of finding the Pin
Point again after erroneous data has lost the pompletely.

Since someone cannot go through floors or walkisssta easily as going from room to room,
every Pin Point on a different floor automaticajlts the same value as the furthest point on
the same floor. Also these points should not geteight either, because that would make it
impossible for them to be selected, and it is degor the system to be down for a large
amount of time so one could have reached this pdiein the system comes back up.

3.13 Combining all techniques

The next step is to combine all of these technidgpisthe system. For instance by registering
the Features by their logic classes we know whatufes are active. When creating new Pin
Points or loading them from a file, it automatigadlill extract the Features from this raw
information as it knows which Features are regestavith this class. It also contains a check
that will check every Feature registered by commgait to the measured values.

Afterwards a Feature either passes or not anduimar of importance is taken from the
registered Feature and added to the total vallectiet. Now if there was a new Pin Point that
is different from the last one found, it multipliggs value by the found distance multiplier for
that point and stores it for later comparison. fieav Pin Point was not found, the old
multipliers stay valid; if there was not any muliggn calculated yet the total found importance
will not be multiplied. After this either the higstepoint will be returned, or the highest point
above a certain threshold.

More about the actual implementation in XNA, tha$3 Diagram and the whole logic is
discussed in the paragraph “Implementation” whallofvs this paragraph. Here it also is
discussed why we choose for a XNA and for a cegia@gramming structure.

3.14 Creation of Pin Point

pinPointCreation( TimeSpan timeSpan,String pinPointName, float[] location)
{
DateTime timeCheck = DateTime.Now;
WiFilnfo[] current;
TimedWiFilnfo[] timedCurrent;
PinPointinfo pinPaintInfo;
List<TimedWiFilnfo[]> rawPinPoint = new List<TimedWiFilnfo[]>();
IntPtr handle = getWLANHandle();
while((timeCheck.Subtract(DateTime.Now)).toMiliSeconds < timeSpan.toMiliseconds)
{
current = doScan(handle);
inti=0;
foreach(WiFilnfo w in current)

if(allowedSSID.contains(w.SSID))
{

timedCurrent[i] = new TimedWiFilnfo(DateTime.Now, w);
i++;

}
rawPinPoint.add(timedCurrent);

pinPointinfo = new PinPointinfo(location, rawPinPoint);
File.Write(pinPointName, pinPointinfo);

}
Pseudo code 1: Pseudo code of the creation of a Piaint
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The creation of the raw Pin Point information candescribed with the help of following
pseudo code shown in Pseudo code 1. As showstiiriitialises the WIFI hardware and asks
for a handle with which to approach said hardw@he program also notes the time and
stores to compare to later timestamps. With thisezanentioned handle it asks the WIFI
hardware to receive and report the different sgnghis is then returned as an array of
“WiFilnfo” objects, more about this object can lmaifid in the section implementation. In
short it contains all of the information about grsil the WIFI hardware can provide.

As these objects are received the program exittiaetSSID and checks it with the allowed
SSID’s. If the signal is allowed it is stored is@-called “TimedWiFilnfo” object and added
to an array consisting of these objects. This ladlgiadds a timestamp to the information.
After all of the information has been processethen“WiFilnfo” array, the “TimedWiFilnfo”
array is added to a list.

After this the time stamp is checked with the araitime recorded at the start. If the
predetermined time has not yet passed the whoig thirepeated and more information is
added to a list. If the predetermined time it idedito an object that also contains the Pin
Points Location called PinPointinfo. When this db@g complete the list is stored for later
use. The list is also used to create Featuresistdisne both at the time of creation of a Pin
Point and when the program starts in which casefahie stored raw Pin Point information is
loaded from disk and handed to this process.

3.15 Creation of Features from Pin Point information

With the information gathered as described in #mier section, one can create the Features
needed for identification. This process is desctivéh help from the pseudo code in pseudo
code 2. In this process the method receives tloenrdtion in the shape of a PinPoint Info
Object. This object contains all of the informatimeeded for the program to generate its
Features. Since each Feature is able to creatalites from a collection of TimedWiFilnfo
objects the system only has to go by a list of grijeiature objects and ask them to return an
object created from the TimedWiFilnfo provided.

Dictionary<String,IFeature> pinPoints = new Dictionairy<String, IFeature>();

FeatureExtraction(PinPointInfo pinPointinfo, String pinPointName, IFeature[] registredFeatureTypes)

{
IFeature current;
foreach(IFeature m in registredFeatureTypes)

{
current = m.doFeature(pinPointinfo. TimedWiFilnfo);
pinPoints.add(pinPointName, current);

addToMap(pinPointName, pinPointinfo.Location);

}

Pseudo code 2: Pseudo code of the creation of Faa®ifrom the Pin Point
information.

The generation is done with help of the earlieirsf formulae, each Feature has their own
implementation with these in mind. These are ugwigfined as the z function in the
formulae described for each particular Featur¢hénpseudo code this is represented by the
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m.doFeature function that returns, much like tfienction above, a Features values. However
it is in the form of an IFeature object.

This is then stored in a list that can contain ctgj@dhering to the interface IFeature. Since all
Features adhere to this list they can be added.liBhiis then added to a dictionary using the
name of the Pin Point as its identifier. This diofry is globally stored in the main program,
for all functions to use when needed. This nantergded to this method via the call and
comes either from the file name or the user whBmaPoint is created for the first time.

After this the system uses the location of theRimt stored in the PinPointinfo Object to
place the Pin Point on the map and in the systeemary. This can be used by the system to
do a distance correction during the identificatddrthe Pin Point, but also when adding a
Graphical User Interface to place the Pin Poinaonap.

Again when the system is just started, this protsedsne for each of the Raw Pin Point
information files saved in the working directorytbg program.

3.16 Identification of Pin Point

String pinPointldentification(String previousPointFound, int minimum)

{
IntPtr handle = getWLANHandle();
WiFilnfo[] current = doScan(handle);
TimedWiFilnfo[] timedCurrent;
String highestfound ="";
int i=0;
int highestValue = 0;
int currentValue = O;
foreach(WiFilnfo w in current)

{
if(allowedSSID.contains(w.SSID))

{
timedCurrent[i] = new TimedWiFilnfo(DateTime.Now, w);
i++;

}
foreach(String s in pinPoints.Keys)

foreach(IFeature m in pinPoints[s])

{

currentValue += (m.doCheck(timedCurrent) * m.Importance) *
distance[s];

if(currentValue > minimum)

if(currentValue > highestValue

{

highestValue = currentValue;
highestFound = s;

}

currentValue = 0;
}
if(!(previousPoint.equals(highestFound)))
{

distance = recalculateDistances(s);

}

return s;

}
Pseudo code 3: Identification of Pin Point
After all of the information has been generated emegted in the earlier points, the system

can do a check if the found data passes a Featm avhile returning a score. The steps to
this are described with help of pseudo code 3.fiFbestep, like when gathering the raw
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information, is to initialise the hardware and ligeea handle. With this handle the program
then asks to return scanned information.

As before it uses the allowed SSID list see if &8s signal strength is allowed, the
difference this time is that after it creates adisallowed signals currently measured it hands
it to the first Feature of the First Pin Point bétglobal dictionary. This Feature then checks
the values with its own check. Before returnindgp@ita true or a false for passing. These
checks where described in the earlier formulaellysbg the function f. These checks are
done with the error calculation in mind. At maximtine found values can only be deviant
from the Feature’s values the values of the emtmutation in formula 13.

After this each 1 or O (true or false) is multipliey the importance of that particular Feature,
which is stored inside the Feature itself. Thisieak then again multiplied by the distance
correction for that particular point, which at esfirun is equal for all of the points. When a
proper point is found this correction is updated atored.

Finally this value is checked against a minimuneshiold, if it passes then it is compared to
the highest value found so far. If it beats bothiit be stored as the new highest value found.
When all of the Pin Points have been checked theera the highest value is returned as a
String. If the previous point however is differérdm the new found point, all of the distance
corrections are recalculated using the earlierraesd formula 15. Of course when no Pin
Point is a good match the system returns an entptygS
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4 Implementation

4.1 Software Design

The graph, shown in figure 11, shows the desigh®f&ystem in a generalized and abstract
manner. The general design of the program with/tifé API, Container Classes and Pin
Point functions each being separate DLL files (DyitaLink Library). The reason for this
was the need for a modular system with separatgitns. The advantage behind this is that
each of these parts can be changed without aftethimother parts. Even if a new version
would contain a bug, the rest of the system wotilidfgnction provided one used the old
library instead.

This for instance came in handy when the| Screen Output
amount of Features started to increase. | and user Input
With this increase the need for an
automatic system to add Features over a _|$

manual one became apparent. With the ]
new system, we could just add the \ain Container
Features to the Pin Point functions, Classes
register them to the Feature Logic class «uses»  wuses» T
and that class would take care of the rest i |
for each Pin Point available. 4 |
«ses» [ ] |
Another advantage is that when there is Functions | 77> witiapi [F—— WLAN
an error or bug in one of the sections, the Card
system can just work with an earlier i
version. The program itself still works
even if it is with an older version of that HDD
DLL.

Figure 11:The General System design.

As shown in figure 20, the program

consists basically of four main sections. The Msgntions consist of the Feature Logic, Main
Program and the Graphical Ul. The Container classestly contain all the data types and
structures. WiFi API, is the API that interactswihe WiFi card as to provide the
information and measurements needed for the simanlathe last one is Pin Point functions;
this one contains all the Features and a helpss that allows for easy Pin Point operations.
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4.1.1 Main

The Main program contains mostly the main progragic and GUI of the system. This
program basically is the

manager of the whole FeatureLogic
system. It uses Pin Point
functions it has access to

all of the separate .

functions through an

abstraction layer. This !

layer would allow for MainProg Graphicalul | «uses» Quad
easier codingand @ —7 } —— @ @@ 0T l______> y
cleaner code. 1 *

As shown in figure 12,

the Main section Figure 12:The Main section

consists out of 3

important parts and a Quad Structure used forexuted map. Each of these parts has their
own very specific function as defined bellow.

Main
The Main’s function is like the top manager of twnpany. It basically starts the different
processes and keeps control over the main logje [Bbis program starts the Graphical User

Interface, registers the Features with the Fedtagéc and also acts as the communication
between the Graphical User Interface and the Fedgic classes.

Shown in Appendix B, the main function has thedwiing process: first it starts the
initialisation, which initialises both the Featuregic as the Graphical User Interface. The
latter is started in a separate thread so it canndependent from the rest of the process.
After this the system starts to register each Feagype with the Feature Logic class. It is

Ask user to

ew Pin Pt clck on a i Start Done, Ask
location Receive _ )
location measuring user for PP

name

GraphicaUl
Scan Signal Strengths
GraphicalUl location ]
Receive
— name and
Give info to send
- Back to Main Flow Feature logic information to
be saved
FeatureLogic
Raw Data & . . .
Name F>In|30'ml'OQK:BraphicaUI
Name &
\ Name

raw data |

Figure 13:New Pin Point Flow
because of this that the Feature Logic knows wheditures are present and will initialise
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each one of them given the raw data of a Pin Phialso registers the different allowed
signals, which in this case are GeolLocl, GeoLoc?@eolLoc3 with Feature Logic in a
similar fashion as the Features themselves.

Following this it starts the Main logic loop, bydt using Pin Point functions to load all of the
Pin Point information from the disk. After thishands this information to Feature Logic.
While this happens it waits for the green lightteg Graphical User Interface and the Feature
Logic that they are done with initialising. Aftdri$ is done the system waits for the user input
to know what simulation to start or if he shouldate a new Pin Point. It is also possible to
start a diagnostic mode that will print all of thignal strengths to the command line.

If the System gets the order to make a new PintRoivill ask the user to click on Pin Point
location. The system will then command the Pin Pbagic inside the Pin Point Functions
section to start receiving the information from Wé-i API. This Logic will do so for a set
amount of time before returning a collection tlsathie raw information for that point. Here
after the main will ask the user for a name forghil Pin Point. It is with this name that Pin
Point logic will write this information to the disKhis information is also handed to the
Feature Logic so it can extract the necessarynmdtion from it. This is shown in figure 13 in
a sequence of processes.

The other step is to start the simulation, whiah lsa either the simulation described in this
paper or another. The other simulation would bemlesd in the paper of my research
partner. The simulation runs mostly inside Fealurgic, and will return a point by its name.
The name of this point is then handed to the Grgbldser Interface accompanied by a
colour. Which in turn will turn this specific poitd the colour indicated and thus main
provides the communication between Feature Logicthe Graphical User Interface. All of
the above logic is describe in Appendix C by a fiagram.

Feature Logic

As earlier mentioned, Feature Logic does most@hiavy work. This class manages and
creates instances of every Feature registerecgeacim simulation and handles the checks of
each Feature. Basically Feature Logic is the oaedbes most of the work for the system
related to Features.
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As Features are registered

with Feature LogiC, it e Take?y’lj:ature I<<—Type of Feature IFeature Types

keeps a list of empty

instances of these Features v

for It S Otwn use. Tzet . Raw PP info=>{ Create Feature ves Ammount left

moment new raw data is

delivered to it; Feature v

Feturoe for this raw dath
se types?

and stores it for later use. |

As the main function Newly Made Feature no

provides Feature Logic

H i H Feature List for
with the raw information, o B boint

Feature logic itself will

handle th? rest. Shown in Figure 14: Flow chart of the Raw Data to Pin Poinprocess. The closed
flgurg 14 is the process of  arrows indicate flow while open arrows indicate a dta flow
creatlng Features from raw

data.

It also handles the simulation itself. If providedh signal strength it will check any Feature
it generated. Afterwards Feature Logic factordmitnportance and distance multiplier as
described in the theory behind our system andsglikct the best score. Now Feature Logic
can return either the best score or the best ss@ea given minimum. If the minimum is not
met it returns an empty String. The steps desciriteed are shown in Appendix D. with the
help of a flow chart.

Since, as earlier mentioned, there can be a mininaloe threshold but it can also be omitted
for test comparison. In the testing itself the dlsovalues are shown without a minimum.
The minimum value will be discussed during theitgsitself. As minimum values are an
interesting research topic in its own right.

Since most of the checks itself are done withinRbatures themselves, Feature Logic only
has to provide them with the value measured fram¥LAN API. This kept the code
compact and easily portable for the use of addingerfreatures in the future or removing old
ones that are not living up to expectation.

Graphical User Interface

The Graphical User Interface basically does wisahd@me describes. It uses the XNA toolset
to provide a 3D accelerated Ul for the user. #tegted on a separate thread and basically has
one separate object called quad to create a plaménizh a map of the environment is
projected. After it has been initialised it waits the Main to provide it with the point
information to draw the points on the earlier menéid quad. This basically runs in a separate
thread. Figure 15 shows our GUI while running timeugation.
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Outside of sending commands to the Main via the AXBbnsole” described earlier, it mostly
is a passive process from the rest of the systechahges the camera internally from the
mouse position and waits for changes to its pdneicted to it by the Main. A precaution to
make sure the points drawn on the map are kepi dpte, which often is a problem in multi
threaded applications, the main

writes it's information to a Ep——" S
separate buffer. This buffer has
a semaphore that will indicate
when the information is
updated. In turn when this
semaphore indicates that
writing is done the graphical
user interface can read the
updated information from this
buffer.

In case the semaphore is set,
the Graphical User Interface
will not read from this buffer.
Instead it will use its own
buffer with the latest updated
information before this
Semaphore was set. After GU| Figure 15: The GUI of the Simulation

detects that the writing is done

via the semaphore, it will read out all the updatdédrmation and changes it's own buffer of
points. Afterwards it will set the semaphore tcatue that indicates it is done reading and
new updates can be added if needed. The main etilipdate the information if this
semaphore is not set, as to not create deadlot¢kddmunot to add information while the
updates are being read.

Now if the Graphical User Interface has detectedramand being entered into its console, it
will cause a listener to act on it setting a comdyavhich in turn will cause the Main to read
that specific command and detect what the useimisasicted it to do.

Most interactions however are via the earlier neerdd buffer, which handles the points and
text information.

4.1.2 Pin Point Functions

Another part of the system, which was integratedDALL are the Pin Point functions. This
DLL provides the system with helpful tools and nueth for the raw data. It also contains the
Features themselves. The function of this DLL ipravide all basic functions regarding Pin
Points and Features. It contains of 2 major parésad which is a collection of many smaller
parts. The main part is a class filled with funosand tools to help you build, load, safe and
work with raw Pin Point data. It mostly is an abstron layer for the main program. The
other is a collection of Features based on anfateriFeature. This one contains classes for
every Feature described above and can easily ndgg via the use of this interface. The
general design of Pin Point functions is shown ppéndix E.
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Feature Interface and Feature generation

The Features are created with the use of an iriEhis interface dictates the minimum
functions needed to make a proper Feature. Eadhrédaas to at least implement these to
make it compatible with the system. The

functions allow for the creation of a

Feature, providing the return of a Feature Implementation of IFeature
given a set of raw data, returning all of the -name : string
necessary data and variables and last buf — «interface» :Zfr'gf;eirgg\f?tobject
most important providing a check. This | 'Feat“r?t needed : int
. + : . .

check returns a passed or failed Boolean veneckwenicd mool || mportance :int
value, for that specific Feature given a  [+doMetric() : object K~~~ *Importance() : int

t t The desian and +Name() : string +check|\/'letr|.c() : bool
curren measqremen . g _|+ErrorPerbev() : object +doMetr|c.() : pbject
methods required plus the structure of thig+vaues() : object :\N/:Ifﬂggo _Sgt')?gct
set-up is shown in figure 16. *Needed() : int +ErrorPerdev() : object

+Needed() : int

As shown in this Figure, IFeature consists
of a few basic functions to provide the

earlier mentioned: Figure 16: An example of how the IFeature Interfaces

implemented. By using it's own values and the proptes (C#

) properties instead of getters and setters) to quidk make a
* int Importance, A getter and SetterFeature.

for the importance value

* Bool checkFeature, this is the method that chedksature when given an array of
measured values of the type TimedWiFilnfo. Morelue type in the section about
Container Classes

* Object doFeature, this is the method that will meta Feature of the same type when
given suitable information. This can also be deanmost Features by handing this
info directly to the Feature when creating a new.dut that is not part of the
minimum required specs

» String Name, a getter and setter for the nameeoPih Point this Feature was created
for.

» Dictionary<String, float> ErrorPerDev, getter amdtsr for getting the error allowed
per Accesspoint.

* int Needed, the getter and setter for getting themum amount to be passed for this
Feature Type.

When provided with these points the newly addedufedas enough implemented to be
standard and is compatible with the system. Ingbtaup IFeature allows for the creation of
standard Features that would also be compatible twé system in a timely fashion. It would
just need to be registered with the Feature Logitin the main program and Feature Logic
will take care of the rest.

Pin Point Logic

The more cumbersome of the two parts containelisnpart of the system. It basically
provides an abstraction layer for easy interacivith the raw data and the generation of this.
This ranges from the creation of a Pin Point toitieraction with the WiFi API. Each of
these function are discussed to some detail asateeyital to the interaction, creation and
maintaining of Pin Points.
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AllowedSSI D

This function basically is a getter and setter mal one can register the name of an access
point by adding it to the list. The rest of thetsys then uses the list. This to make sure that
the raw data and measurements are not contamibgtetther access points not part of the
system. During a test a signal was encountereduet multiple repeaters. This signal gave
roughly the same signal all through the buildingisTsignal was not useable for localization
of our device and only contaminated the measuresment

calcErrorValues

This function calculates the error values fromring data provided. The calculation itself is
described in the section about error calculatioRnoposed method. It returns a Dictionary
object that contains each error allowed per SSID.

loadPinPoint

This function loads the raw data from the disk gsan XML based approach. This approach
is a lot slower and takes more space then theilafgemented binary approach. That
function is called pinPointFromFile.

savePinPoint

The exact opposite of loadPinPoint, it saves theindormation to a file on the disk with the
same name as the Pin Point. It also contains irdbam like location of the Pin Point and all

of the raw information collected. It too is in XMhat takes more space and time to save then
the later added savePinPointBin function.

pinPointFromFile

This method tries to load one hotspot from the @igk a given name, it does so in a binary
format that was added after finding out that th&teayn was quite slow in saving and loading
huge amounts of XML based data. It made the systsat three times as fast but also the
files where about ten times as small.

savePinPointBin

The exact counter of the earlier mentioned pinfFmorhFile function. It basically saves all
the information including the location on the mayal aaw data onto the disk in a binary
fashion. This is a lot more efficient for the simtubn then the use of the XML based system.

LoadPinPointsBin

This functions loads all the available Pin Poiribrmation located in the working directory of
the system. This is a handy function for the sysasrit provides the main with all the
information it needs in one method to create thetutes needed for the simulation. On
average this function is about three till four tgvees fast then the earlier XML based approach
when loading all the files.

MakePinPoint

Maybe most important function contained within Pimint Logic. It basically listens to the
WiFi device and collects all of the necessary infation to create a Pin Point. This function
does the listening for a set amount of time adhdlthe raw information for each allowed
SSID into a list of Dictionary objects.Tthis Dictiary contains a String with the name of the
SSID and a TimedWiFilnfo Object. TimedWiFilnfo cants all of the information for that
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particular signal plus a time stamp. When the tismeached this is returned to the main
which then asks the user for a name for this Pint@mnd a location before giving it back to
Pin Point Logic to save to the disk. This list iscegiven to Feature Logic to generate
Features.

doScan

A test function which returns all found values atk SSID to the command line, this is
mostly used for testing the hardware and the sydtasused to see if listening to the
hardware will give the proper values or if the lveade or WiFiApi is malfunctioning.

4.1.3 WiFi API

This basically contains all the code to interadhwie WiFi Hardware of a device. This
basically is a driver, which
will return all of the signals
received by the hardware.
It was written mostly in C#

while using some C++
]

based keywords to create a
+doScan() : object

layer between the two.

Using Pinvoke, intptr and
other structures provided
by C# it is possible to

interface with C header WLAN_AVAILABLE_NETWORK_INCLUDE_ALL_ADHOC_PROFILES : uint = 0x00000001

+WLAN_AVAILABLE_NETWORK_INCLUDE_ALL_MANUAL_HIDDEN_PROFILES : uint = 0x00000002

f| | es an d to ap p ro ach -WLAN_AVAILABLE_NETWORK_LIST

+WLAN_INTERFACE_INFO

otherwise native code that [|:wwan_avaiLasLe_ NETWORK

+WLAN_INTERFACE_STATE

is nott yet ported into the ;552

MapNative

———————— Wilanapi.dil

Net standard API for C#.  |[ussy /NERFAcE INFo_LisT

+DOT11_AUTH_ALGORITHM
+DOT11_CIPHER_ALGORITHM

+WlanGetAvailableNetworkList() : uint
+WlanOpenHandle() : uint

WiFi API provides a iWiiEE?ﬁ:%Z‘rﬁﬁ?Sf%S‘”‘
N +WlanScan() : uint
managed driver to the

hardware, after being told Figure 17: The structure and methods of the WiFiApj with the WiFi API
to return all of the info itself are inside the blue square. Outside showing/lanapi.dil (a Windows
needed it will use container DLL) and ContainerClasses as being external

classes to return an array of

WiFilnfos. This is an object from container classekich contains all the information
available for a certain SSID. Shown in figure 17his basic structure of this DLL. Although
this DLL is small, it is vital to the functionalityf the system.

4.1.4 Container Classes

Figure 31 is a class diagram of the classes cadamthis part of the system. It basically
provides different types and objects that contaitaGnd other information necessary for the
system to operate. As shown in the diagram it ¢ostine following classes:

* PinPointinfo

» TimedWiFilnfo

*  WiFiInfo
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Each of these is basically a container for infororatlt is only a small DLL mostly

containing data structures. PinPointinfo contaihefahe raw data in the form of
TimedWiFilnfo objects and the location on the malpis is used by both the main program as
the Pin Point logic, to extra the location and Eezd from. The structure of this DLL is
shown in figure 18.

Wifilnfo:ISerializable

PinPointinfo:ISerializable

-ssid : string

-signalStrength : int - - - - -x : float

_encrypted : bool TimedWifilnfo:1Serializable -y : float

-authentication : string -w : object -z : float

-cipher : string | ________ -time : long - _ __|-timedWifilnfoList : object
+SSID() : string +GetObjectData() : void +X() : float
+SignalStrength() : int +W() : object +Y() : float

+Encrypted() : bool +Time() : long +Z() : float
+Aythentication() : string +TimedWifilnfoList() : object
+Cipher() : string +GetObjectData() : void

+GetObjectData() : void

Figure 18:Class Diagram of the ContainerClasses DLLThis class containers data containers each of
which contains a superset of the other where WiFilfo being the simplest and PinPointinfo containing
the most

WiFilnfo is the object that contains all the infation from an access point. This ranges from
signal strength to encryption. After the WiFi AREteives its data from the hardware it puts
them in an array of these objects. TimedWiFilnfgimilar but it contains a timestamp from
when this particular information was requestedsTitinecessary for the generation of
Features when there is a measurement over time.

4.2 Software development

More then just hardware, measuring points and AcBesnt positions, there also is the issue
of software and the development of the softwareddwelop the system several design and
develop decisions had to be made. While reseagc¢hanproblem several different systems
where tried in various development environmenterEa Wiimote was tried out only to find
that its sensor capabilities are not of a qualégded for our research. From these tries
decisions where made because of experience inaj@rglin this environment, the
documentation and support, the tools provided aradly the quick development/test cycles
the environment allows for.

Other choices where: a multi-threaded approacbdoproblem, separating the measuring,
logic, helper functions and Graphical User Integfatto separate threads. Although this
caused trouble for our older Notebook, the yourtferactually had a speed increase as it
could spread the work over its cores. More aboeipiiograms design and decisions follows
after a more in dept description of the environndetisions and development tools.

4.2.1 Visual C# Express 2008

Because of earlier experience with the Visual Stydickages, it was decided to look into the
“free” express editions [17] of this developmentkage. Since mobile development was not
needed at this time, the free versions of thisremvhent would suffice. During this
development it proved to be more then capable muliveg the development of our system

thus not warranting the purchase of a paid licefike.debugging tools and code management
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enough support for our project. Even the migratma more XNA based program and
development provided little to no problem

As earlier stated previous experience in developirtis environment was present.
Especially in using the C# language and the Windémgronment regarding native libraries
this was a plus. As it was needed to write a nbtiveded WiFi APl based on the DLLs it
would only make sense to approach the problem &grarspective one is familiar with. The
other plus for this tool was the documentationraaliThis is provided by both the MSDN
network and by people providing excellent tutori&le more often then not a problem would
be solved quickly with the help of MSDN or a MicodisBlogger providing his insights into a
solution.

4.2.2 Microsoft XNA Game Studio 3.1

During the development the system was mostly taged. As the system grew, so did the
need to zoom in and out on a map and place pMdsting to spare the CPU for the actual
workload it was decided to migrate the projecti® XNA Game Studio Platform 3.1. XNA
Game Studio Express 3.1[18], henceforth XNA, wastigaised for the development of our
Graphical User Interface.

Although the environment was mend to build Hardwaeeelerated games for the Xbox 360,
Zune and Windows platforms, the same developmermiki easily be used to build a 3D
accelerated environment for a GUI. Since XNA is ptately in C# and using the same
structure as the rest of the system, the migratidghis platform caused almost no problems

XNA is more then just a graphical toolset, it glsovides mouse and keyboard listeners
handy for the system. This we could use to creatgera that moves with the input from the
mouse. Since XNA includes many tools to importetéint image files like PNG, the floor
plan could easily be imported into the Ul for refece.

As the developing progressed the need for a comsdle same window as the GUI
increased. For this reason we used an open saee#ofuse tool for XNA. This tool allows
for the creation of a full command area definedmy way possible. Community support like
this saved us a lot of time and effort to build system rather then to reinvent the wheel
ourselves.
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5 Experimentation

This section in the thesis focuses on the hardwsee and software design used to test the
theory and system. It is mostly to give some insaghthe environment and set-up used, but
also to explain what was tested. Further morepta®s why the choice was made for certain
development environments, languages and the gestemature of the system.

5.1 Notebooks

The test environment ran on 2 notebooks, whicloadifferent age, and gave each their own
role according to the capabilities of the hardware.

5.1.1 Medion 6200
The first notebook is a Medion 6200 Notebookhé blder one of the two with a 15-inch
screen with the following specs:

* Intel Pentium 4 2.4ghz

« 512 MB DDR2 Ram

» 80 Gigabyte 2.5 inch HDD

» Geforce 5200 Mobile

* Creatix CTX712 WiFi Adapter

* Running on Windows XP

In initial tests it showed that it had some proldanmning the
simulation, mostly because of the multi threadexhigéecture of
the system. Normally this would not be a problent asuld
send the measured signal strength to a server ad® all the Figure 19: Medion 6200
processing, but since in this case the server \gaglae machine

doing the actual calculation on a second threadewhnning a 3D accelerated User Interface
for the graphical interface on a third threadtarted to choke and even starve the measuring
thread just to keep the others running.

Because of this starvation the Notebook, showiguré 19, was used as the third access
point in the simulation with the name “Geoloc3”.this role it would broadcast this SSID and
was very capable of providing a steady signaloltation will be discussed in the section
dealing with the access points and their locatiortbe simulation.

5.1.2 HP Touchsmart TX2650ed

The second Notebook is a HP Touchsmart TX2650esltlte newer of the two and is a 13.3-
inch touch screen Notebook/Tablet PC with the feifg specs:
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« AMD Turion X2 ULTRA (ZM82 @ 2.2ghz)
4GB DDR2 Ram

e 250GB 2.5 inch HDD

* AMD/ATI Mobility Radeon 3200

* Broadcom 4322AG 802.11a/b/g/draft-n adapter
* Running on Windows 7 32 bits.

Of the two notebooks, this one ran the system bdter then
the earlier mentioned Medion. The Notebook, shawfigure
20 became our main platform for testing the systéeimad the
added benefit in being smaller and thus easiearty c

. . Figure 20: HP Touchsmart
It had a better GPU as well, which provided bestgrport for TX2650ed

the Graphical User Interface used for the presentatf the

system. As it was needed to zoom in and out ofrthp in real time while showing the latest
position, it was far more interesting to use a @Greglly accelerated Interface then one just
using text. Because of this User Interface alhef above mentioned features are supported
without taxing the system.

5.2 Access points and Locations

This section talks about the location and spe¢keficcess points used and why these access
points where placed at these locations. The refmsaraming them individually and

registering them with the system is that in thddig there are signals with multiple

antennas and repeaters. These signals have signal
strengths, which only fluctuate slightly througle th
whole building. This would influence the simulationa
negative manner, because it would always passatn th
particular signal. To counter this we acquired Beoess
points further described below.

5.2.1 Access point specs

As access points the simulation used the cheapetsrr
we could find. These routers are of the Belkin dran
namely the Belkin Wireless G with the type number
F5D7230-4 v7000. The SSID’s of these routers where
named respectively GeoLocl and GeolLoc2. These
where then placed at separate locations in thelingil ~ Figure 21: Belkin Wireless G router
These locations would be closed off when nobody was

attending, both for the safety of the router ancute out tampering with the routers. Figure
21 is a picture of the router used.

Outside of a slight signal loss, the routers penfedt their function of just transmitting their
SSID. For the purpose of testing the system ths ideal since it would allow for tests in a
less then perfect environment with a less theregerbuter, thus simulating actual conditions
in which the system should work. It also helpséfiring the problems when using less then
perfect conditions both hardware wise and with pealking around when the system is
running.
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5.2.2 Location on Map

Every router is located in a specific locationstis important for the simulation as they
should remain at this given position for the whiiee. The routers also needed to be behind
locked doors when left unattended, for this reasamrooms where found. One router was
placed in the Repro room on the first floor, whhe other found a home in the Robo Lab on
the second floor.

These positions are also unique and spread apartdach other so that each signal is
degradation is unique. A problem with the systemhad if you place all the routers/access
points in the same room, then system will havelil®devices. This is because the signals
degrade almost as if there is only one router.third “access point” was located in the same
room where we worked. The Medion notebook earlgscdbed provided this signal.

5.3 Map of the area

Since the tests are only on the first three fladrihe building we only made a map of these
three floors. As the strength of the routers omlyer

a section of this map, the system is only testadim
section. This is because of the limited range of ou
routers. The system does however support regigterin
more routers, so to cover the whole area would be a
possibility just not needed for the test. The maps
where provided by the website of the university in
PDF format and where converted into textures..

Figure 22 shows the basic layout of our map with th
ground floor being at the top and the second fédor
the bottom. The user interface also uses this texds
do some of the graphs used in the results section o
this thesis. The reason being to keep the map
consistent with the map used by the universityfitse

f ==

.

First thing noticeable about the map is the bignope

Figure 22: Map of the Bernoulli Borg, space in the middle of all three floors. Originatly

courtesy of the University of Groningen  was assumed this could be a problem but it proved t
be non-existent as it hardly interfered with thege

of the devices. This also shows the intricatecstme of the building and that it is a good test

case to try our system in.

5.3.1 Access Point Locations

The access points themselves are located in sadifeaknt locations, each of these in a
different room and one on a different floor. The ___
first one, GeolLocl, is located in the Repro room of \

the first floor. This was done with permission of

eye on it and lock the room When he was Ieavmg 1
The location is shown on the map in Figure 23.

Figure 23: GeolLocl location
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wre || : - Geoloc2 is placed in the Robo Lab, this was dorik thie
@ES; permission of the man responsible. This locatios ef@sen
B A e AR . to provide for a completely different location frahre Repro

‘\ (vl 4T room while still having a room that is under sulagice.
=== 1959 robolaph  The location of this room is shown in figure 24 asidn the
second floor of the building.

. N GeolLoc3 also known, as the | il
””””” Y Medion 6200 notebook is . ._;;em._._i.:g'éﬂ_

-~ located in the same room where | | 204 | ———
Figure 24:GeoLoc2 location most of the coding and early

tests where done. These
positions where always under surveillance mendttieake was
no outside control over the hardware outside optaple
responsible for the earlier mentioned rooms. Anogfoed point
of this location was that it was on the completpagite of the
room GeolLoc2 was in. The location is on the sedtwut and
shown in figure 25.

Figure 25:Geoloc3 location

5.3.2 Location of Pin Points
Next issue was the position of the Pin Points asdlpoints will be

the calibration points. It was decided to have paeroom in the S 1=4-

place where we where going to do our tests. Treoaé Pin Point on 204 | — QE]E -l
the first floor located in the Cafeteria to demoats that the system ae i e | DL
can handle multiple floors. u—.'—‘{_" s

The location of these points are shown in figur@@é basically are W% |

set up as a good test for walking from point tanpand to see how .__._"i_._i___?_z.__.;_l.m..m..
well the system can track the measuring deviceo Aisce it ) [
surrounds our working area we can easily test riemges to the *E | B —
system without having to travel to the test aresltmited the time = '—I o
needed setting up an experiment. It also allowsfquick turn Figure 26:Pin Point
around for testing and bug fixing in the software. Locations

5.4 Various Feature tests

Because it was needed to test with different saunat to show the increase and decrease in
usability, certain tests where planned. The follaysection talks about each of these in finer
details. Although part of this was already donéhmsection “Approach — Relevance of
Features”, it would be a good idea to revisit thesellts when talking about the results.

5.4.1 No Importance or Nearest Neighbour

The first test planned is one that has does nat haNearest Neighbour correction or any
importance to the given Feature. This would gilmse line with just showing the different
performances of the Features, but also show the flir$ormance of the system and allows
for a nice comparison compared to the test toallo
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5.4.2 All Features Equal Importance

Another test that is important to run is to runfahatures with the same importance while
keeping the Nearest Neighbour correction. This shibbw if the Nearest Neighbour will help
and to what degree. It is expected that it will thyolse an improvement while being on the
move and making sure you don not get as many palsiives. It also is a demonstration that
it has a more stable point once found and nottssfagcher. This is expected because main
point found would have a higher weight then thaseainding it. Thus this will help us with
a more stable location of the device.

5.4.3 No Nearest Neighbour correction

Of course the second to last test is to have aoitapce for each Feature but no Nearest
Neighbour correction. The idea behind this tesb ishow the improvement of having
different weights for each Feature. It is also etpe to be a more stable test then the
uncorrected test. Which means less switching betwe&hbouring points, but also that it
finds points faster. Again these will be compam@each other and the test without any
importance or neighbour correction.

5.4.4 Complete System

The last and most interesting test is the comggtéem. This includes all of the Features,
corrections and importance correction implementetiranning. This then needs to be
compared to the earlier tests described. This casgrawill show how much of an
improvement these corrections actually are.

5.45 Minimum

There will also be a discussion in the results &baninimum value. As this can help against
false positives but can also make it more diffi¢aita point to be selected. It would be
interesting to see the effect of different minimuatues on the tests. It is also interesting to
see what a good minimum value would be and ifihlge differs between the path test and
the stress test.

5.5 Testing with two signals

5.5.1 Why test with two signals

Another test planned is a test with just two sign@&he reason for this test is to see how the
system would perform if one of the access pointald/be faulty or not even there. The
impact of this would be interesting, as we mosHyext to have a lot of false positives. Since
there are then are more places on the map thdtasenthe same signal strength for those 2
SSIDs. This however might be slightly counteredhsy effect the walls have on the signal
quality. Still it is expected to be vastly imprexisompared to all of the other systems but it
will provide with an interesting comparison.

5.5.2 The set up

The general set up test with two signals is tousatthe other notebook as a signal. Also the
minimum requirement needed for passing would hausetlowered. For the other tests this
number was set on at least three signals. Outé$itheese points the tests will be as close to
the test set-up as the earlier described withvgdlortance correction turned on and nearest
neighbour correction.
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5.6 Test areas

To properly test the system it was necessary th &apecific points. The first test is to check
at one point and see how often in a period of tineesystem finds this point or loses it. The
second test would be testing the system while ngpeima given path. This is done to see
how well the system can keep up while walking acbuéfurthermore it would be interesting

to check false positives.

5.6.1 Testing at one point

To test this in a proper manner the simulation matl in a given spot for an extended amount
of time. The system would track all of the possitafigurations (Importance, Neighbour,

No Importance and Neighbour, etc) while
running. This is to create a proper comparison
with as little influence from different times as
possible.

5.6.2 Path testing

As in the earlier tests, all of the configurations
are logged at the same time. Different this timg
is that the notebook is carried from point to
point. During this test it will be interesting to
see how well the system keeps up. Furthermot
it is a test for the system’s ability to detect
devices that are not standing still and how fast}
adapts to new locations. Shown in figure 27 is
the planned path to move along for the test ang_

to see the results afterwards. w | | _ | | || o f
. » B |

5.6.3 Checking for False positives | —J-—-—I—-—lm.zzz —-—-—-L—

This is done afterward by using the gathered | """" | HERskaon iR,

information and from this we can extract the

vglues that WQUId_ indicate a false posmve. Figure 27:The path planned for the path test, staiihg

Since everything is stored, for testing purposesn stopping in room 201

in CSV format, in the simulation it should not

proof too difficult to extract. After this inforntian is extract a comparison can be made too

see how well the different configurations performed

44 m2 Fud | | £ e F it |
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6 Results

After running the different tests the following v#ts have been found. Split up in different
sections each showing another aspect of the ravtses

6.1 Totals

In the following Table are the results of the diffiet score totals found for each point. This
table serves the purpose of showing the actuadreéifices between points. Written in red is
the actual Pin Point of the stress test. DuringdiBeussion however this table will be plotted
as a graph for each of the different correctiorgs s done to make the discussion slightly
more visual rather, though the numbers themsebmsgin the same.

Keep in mind that for the Nearest Neighbour comdctumbers the score could be twice as
high as a maximum and thus the numbers can berhighe
Room 207 afstudeerruimte Room 228 Room 216 Room 208 Cafeteria

No Correction 34271,00 165,44 804,33 48,89 111,78 103,00
Importance Correction 36999,38 133,44 1001,20 88,74 92,00 96,75
Nearest neighbour Correction 68179,30 276,10 1247,44 52,10 166,36 103,00
Both Corrections 73865,12 225,39 1455,70 94,57 137,07 96,75

Table 1: Totals for each point during the stress & over 1 hour and 43 minutes. With three Access
Points. Marked in red are the values of the actugboint

6.2 False positives vs. Actual over time

In this test all of the results are plotted overdj showing the different peaks and values of
each of the points at a given time. The first gralpbws the results of the test that has no
corrections over the values. The graph below stetise slice of the full data, this is for
clarity.
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Figure 28:Showing the locations indicated by theiscore over a time of 30 minutes. With each location
having it's own colour. The higher the score the Igher the line will be on the graph.
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In this graph each coloured line represents theegalound for a Pin Point at a given amount
of time. Since this is the stress test these galleere taken over a longer period of time.

2,5

2 .
——Room 207
1,5 —— afstudeerruimte
Room 228
1 A/\A MA A \ [L/\/\MH Room 216
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11:14:01 11:23:17 11:32:48 11:43:04

Figure 29: Showing the locations indicated by theiscore over time. With each location having it's ow
colour. The higher the score the higher the line Wlibe on the graph.

Shown above in figure 29, are the same valuesairtie slice that where plotted earlier, but
this time with the Nearest Neighbour correctionlegabto the values. Again the different
colours indicate the different rooms and their ssor

1,2
1
TN T AT
\J Vv ‘ \ ‘ v v v —— afstudeerruimte
Room 228
” Room 216
——Room 208
- 1 — Cafeteria
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Figure 30: Showing the locations indicated by theiscore over time. With each location having it's ow
colour. The higher the score the higher the line Wlibe on the graph.

The numbers corrected by a Feature Weights cooreatie then shown in Figure 30, the last
test with all three access-points is shown in gg8it. In that test both the Nearest Neighbour
correction and the Feature Weights correction loeen applied. Again both of these plots
are a time slice and the colours indicate the scfarethe different rooms.
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Figure 31: Showing the locations indicated by theiscore over time. With each location having it's ow
colour. The higher the score the higher the line Wlibe on the graph.

In Figure 32 the results of the test with only taaress-points are plotted. Since these results
are a lot more erratic the time slice was cut stwabout 15 minutes. This was done to make
the graph easier to read as before it was notaa pleture. Again each room has their own
colour.
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Figure 32:The results for each point during the stess test for two broadcasting access points insteafithree
plotted over time.
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6.3 Positives occurrences over time comparison

Valid Scores over time comparison

25
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Figure 33: Valid scores over time for the actual pimt, for each of the different tests.

Another time sliced graph is shown in figure 33thrs graph we took 15 minutes from each
of the tests and plotted them in the same graplofahe lines are taken at the same time,
with the exception of the test with 2 points. Whioere taken at different times but over the
same course of a time span. It functions moreasrgarison of the degradation caused by
using only 2 of the minimum of three access points.

6.4 Peaks and Dips

Since the above tests had to be plotted as a tiogefar clarity, it was necessary to create a
few tables that showed the total number of dips@eaks per test. A peak is a raise of the
score while a dip is when the score is lowered. rEasons for these numbers are to show the
stability and the average drop or raise of a sgotke complete stress test. These are shown
in tables 2 and 3.
Total amount of peaks

Room 207 afst.ruimte Room 228 Room 216 Room 208 Cafeteria SAK

No Correction 425 179 229 12 163 24 0
Importance Correction 304 167 225 11 148 24 0
Distance Correction 422 179 229 12 163 24 0
Both 304 167 226 12 148 24 0
2 Points 212 218 255 162 0 89 18

Table 2: Amount of peaks and dips per test per PifPoint.

Table 2 is showing the total amount of peaks pént@nd per test, this can be an indication
of how erratic a signal is behaving over the ttgat time of one hour and forty-five minutes.
The 2 points test however had a shorter duratiamefhour and fifteen minutes. Thus
explaining the lower numbers for the actual room.
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Average Difference between peaks
Room 207 afstudeerrt Room 228 Room 216 Room 208 Cafeteria SAK

No Correction 0,210067 0,090037 0,158573 0,151791 0,095343 0,189739 0
Importance Correction  0,243277 0,084351 0,180481 0,236595 0,090516 0,193377 0
Distance Correction 0421664 0,143865 0,210259 0,161761 0,14392 0,189739 0
Both 0,489032 0,135413 0,245904 0,238184 0,137544 0,193377 0
2 Points 0,449806 0,308543 0,220664 0,242891 0 0,322684 0,274223

Table 3: The average difference between peaks foaeh room and test.

In Table 3 the average difference between peakslgnsds shown. This the difference
between each dip or raise summed and them divigédebamount of peaks and dips shown
in the earlier table.

6.5 Map tests with different Thresholds

In this test the notebook was taken over a set\phile recording the results. Each of these
results where then plotted over the actual mapti®geout in a green colour ending in a red
colour and using the alpha channel to indicatestrength of a found point. When a gap in the
measurements was found of at least two seconds/ghem would place lower from the
previous ones. It is then easier to see when a wasrevisited or if there is a gap in the
measurement.

As the pictures where too big to fit in this senttbey where added as Appendixes. Appendix
F is the results from the non-corrected resultshése results the Features all have the same
weight and there is no distance correction. Frdirtderight there is a threshold of 0, 0.25 and
0.5 as minimum values.

In Appendix G the results of the nearest neighloourected tests are shown, again using the
same colour scheme and thresholds over the diffpretures. Appendix H shows the Feature
weight corrected numbers and | the numbers of thalevsystem with all of the corrections
running.

Appendix J however shows the results of the téstisdnly used two of the three access
points. This is a test to see how well the systeyald/respond when the minimum
requirements where not met.
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7 Discussion

7.1 Test results with no correction

As described in the experiment paragraph, ther@silts discussed are the not corrected
results. This means that all Features are of aquadrtance and that there is no Nearest
Neighbour correction. This will also allow for adadine result that can be compared to later
results. In each of the results several tests tabe discussed.

The first is a stress test; in this test the mazisrat a set location for a longer amount of time
as the system is running. The results from thisaesthen recorded; afterwards it is possible
to extract information from these results. In @tiess the results regarding the totals, values
over time and the amount of false positives areusised. Afterwards the discussion also
reviews the impact of a threshold on the givenltesu

The second test is a path test, which again wWilahout returning topics for each test. These
topics focus more on the following of the path, signal loss, false positives and the impact
of a threshold in this test. Besides these toplhese usually also is a section about further
findings and the discussion here of.

7.1.1 Stress test

Totals

Totals of all points

100000 34271,00003
10000 - O Room 207
804,33 B afstudeerruimte
1000 -
165,44 ORoom 228

111,7
o JmELE Oroom 216

B Room 208
O Cafeteria

100

10

1

Figure 34: Totals for each point during the stressest over 1 hour and 43 minutes for the
uncorrected numbers.

Shown in figure 34 is a graph representing thd satms of values for each of the Pin Points
involved. These values are significant, becaussl# us more then just how often a point was
visited. It also shows the score a point gets.

As it is known that the system was measuring forentben 40000 (43,260 to be exact)
points. With this in mind some interesting reschs be seen from this graph. Each bar
represents the score for a room compared to thegossible 43,260. It is very apparent that
room 207 is performing much better then the othEnss is a positive thing, as this location is
where the test was performed.
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By looking at figure 34 certain assumptions camiaele regarding false positives. When
compared to other tests, this test can be usedbasedine to see just how much this figure has
improved or degraded. Of interest is the differelnewveen the false positives and the actual
point and then compare this difference to the dkffiees of other tests.

This baseline can then be used to compare witbtther tests. The amount of false positives
however is quite low and the actual location sapriée high. Figure 34 shows a total number
for room 207 of 34,721. The maximum score possilald be 43,260; this is the amount of
measurements times the maximum score. Using thesbers we can see that the actual
point scored a 79.22 percent of the maximum scossiple. This is above the expectations
for uncorrected results. Since the system doesewd the maximum score to receive a
positive identification, one can make the assunmptin@t even the uncorrected test is capable
of tracking the room location of a device.

Over time

The other important graph was a test over times Tdst basically plots the results over the
time measured per point. In this graph each oPthePoint receives its own colour. The
results of this graph for this particular test sihewn in figure 35. This graph shows that the
biggest contributor to false positives is room 228metimes this room even receives a
maximum score. On overall it seems the actual iocanhostly outdoes all other locations.

This maximum score is | 12

achieved when all .

Features give a positive

. g . A. AM _ .A.... _ —— Room 207

identification. In most 0,8 .

cases the aCtuaI AM\ / VUU A /”\/ /.IV V v\/ —— afstudeerruimte
| ‘ Room 228

location still scores 06 ‘/' ' \NW | 'V \ \j l v Room 216

higher. However it 04 | — Room 208

does show that it is ! — Cafeteria

important to give 0,2

weights to the different . ‘ A Wmm Mnlh ﬁh/‘

Fe_atures' When 11:14:01 11:23:17 11:32:48 11:43:04

weighted Features

prone to f‘?"se positives Figure 35: A time slice plot of the stress test fothe uncorrected score numbers
or error will not be able per pin point,

to affect the results as
much as in this test. Room 207 however still ousdmleother points over time; this again is a
positive note in the uncorrected test, as it bodasfor the corrected results.

The graph does however show a very erratic lirgeimeral. The location value often dips
down or even remains at a low level. This sometinases the other positions to score
higher or very close to the actual position. Theneeven hints of complete gaps when
looking at the graph, for instance at about 11h0graph shows a significant drop in signal
for a longer period of time. Which is dangeroudbse to becoming a gap in the signal.

False positives in general

In general the number of false positives seemgaipauite low. Even in this test, the number
of times a different point would score higher ie 8tress test then the actual point is rare.
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Although these scores do exist their appearanoeisttebe sporadic. It will be interesting to
watch for improvement in the discussion of the ptiesults. The differences between the
values in the total graph also are points of irger8ince between the different tests this can
be a clear identification of improvement.

Both Figure 34 and 35 basically already show vesirdble results in regards for false
positives. This however is still to be tested dgrine path test in which the device will be
carried around a pre set path through the test Hnsaexpected that the switching between
points will cause for an increase of false posgigs the system doubts between multiple
points. It is however expected that eventuallydygtem will settle for the actual point.

Impact of the threshold

Another possibility is the introduction of a minimuhreshold. This value will basically be a
border between accepted values that are highettiigeminimum and values that are lower.
When using this threshold at values of 0.5 and @.28n be clearly seen in the over time
graph that gaps would start to appear. It does fiemfdter out some of the other Pin Points
that are now basically behaving as background noise

In case of a 0.25 we see that only room 228 andfdtadeerruimte still apply for a positive
identification if the room 207 point would dip imle. This will cause a reduction in false
positives. It will also cause for an increase ipgm the actual point. These gaps are caused
because of the erratic behaviour of the main paittis uncorrected test. It will however
make sure that most other points are not abledrest positive identification during a dip.
This is better then a slight signal gap, as onestanv the last known position for a device.

However once the threshold increases to a minimiudng it can be seen that almost no point
ever crosses it outside of the actual point. Onlg signal occasionally passes this threshold
and another only seems to barely make the valuegusirds the end. However such a
threshold would cause for some big gaps while maaguEspecially the time length of these
gaps makes it harder to keep the last found paitit@ device location. It is expected that
these problems are solved to a certain extendtivlimplementation of the corrections.

Ezy university of 59
£ groningen



7.1.2 Path test

Like the stress test, the path test results whatteeged together with the results of the other
tests. This is done t0 — ‘ .
create a proper B
comparison in =
numbers butalsoto | .
eliminate factors that |-
might influence the
numbers. Figure 36
shows the path test | .=
by colouration, the
starting colour was :
green and the end —ﬁ

colour was red. _ !° o |

Transparency was IFlgure 36: A side-by-side comparison of the megsudel_:eature scores. The _
. east transparent means a higher score for a pointed is the end point green is

used to indicate how the beginning. The colouration between the two indates the transition. The

high the score was  |eft picture shows the result with no threshold, tle middle is with a threshold

on a found position. of 0.25 or higher scores and the right are for 0.8alues or higher.

If a position is more

transparent then a neighbouring position, it mehasit failed more Features then the

neighbour. Gaps bigger then two seconds are regiegsan the graph by placing the next

point on a lower vertical position. This will natst show the gaps but also show when a point

is being revisited.

The path itself is described in figure 29. The titme®ok was about two and a half minute,
from 10:44:30 till 10:47:00 we walked the route ddsed in the before mentioned figure. The
figure also shows the map three times, each foifereht minimum threshold. The left most
allows all values to be shown. The middle and rgjtdw the impacts of a threshold of 0.25
and 0.5 on the found results and how they affexptith detection.

Following over time

Followed over time it is possible to see that ty&iesn does generate some false positives.
Most of the time they are weaker then the actusitppe values unless switching between
rooms. However sometimes these values can be stromggh to be an actual competitor. The
effects of these can be seen in the competitiond®t room 208 and 216. At one point they
seem to be almost equal in strength with the sastwaic Even a threshold does not solve this
situation. There also seem to be ghost measurentkese are very faint signals like those in
room 206.

Another thing is the doubting between rooms whenesme is walking in a hallway, the
brown bar in room 207 and room 211 shows this. it a big problem as at those times
one is not in either room and a slight thresholdi@Iready solve this. A bigger problem
however is the ghost signal the system detecttanep that are not even close to the actual
point, luckily even these seem to disappear wighittroduction of a slight threshold.

The path test itself was a great success evenuwtithe added correction one could already
make out from where to where the device was takehd two and a half minutes it was
carried around. This bodes very well for the otlests, which added weights to the Features
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and a distance correction. There are however sompgiements one can watch for
especially the doubting between room 208 and robén 2

Loss of Pin Point

One of the things happening during the test wdgglat4 oss of Pin Point during the test. This
caused for some holes in the measuring, which wesea in the figure 36 by the slight colour
difference between the starting point room 207 thedhext point 208. This loss was not
detected until the reviewing the results from &g that added a weight correction. In these
tests it finds the proper point sooner. A sligieegr bar appears either connected and with a
threshold on the next vertical line. This means thaing these test the signal was really low
and received very poor scores of which the actoadtpvas still the highest.

Since the signal loss was quite low and only waast a second at most, it did not break the
test and it was still possible to track the dewidth little or no problem.

False positives

As earlier mentioned the results did contain soafeefpositives. They are often weak but
since they sometimes appear with values that ate gose to the actual point it is safe to say
that they will exist when tracking devices for ader period of time. It is expected that the
tests with corrected numbers will lower the numtifdialse positives. When they do exist it is
expected that they do not score as high as irtdhts

Another point is that this test sometimes seentotdot a bit between rooms, as is shown in
figure 36 by the doubts it has if the system isted in room 208 or room 216. The brown bar
is the same colour and transparency in both medhagare close enough to be mistaken for
each other even though we are clearly in room Ey&n with a higher threshold this bar still
exists. It is expected that this is caused becal®rse performing Features influencing the
reading and that especially the weight correctiah Wwer improve this. This particular
problem will be a comparison point in the discusbthe other results.

General findings Threshold impacts

The threshold themselves seems to be a wise ctwmard. It greatly reduces ghost findings
(very weak point detections) and false positivadatt just by adding a threshold of 0.5 to the
uncorrected results one can already achieve vesg gesults. Which indicates that even
without any corrections outside of a thresholdgy&tem is more then capable to detect the
room where a smart device would be located.

7.1.3 Further findings based on the results

One of the things noted during the stress testasthe values found are quite erratic, it is
hoped that the addition of a weight correction willinter this. With this correction the better
performing Features are able to contribute motbéaletection score then the others. This
erratic behaviour can be the cause of problemsiguhie path tests. As moving around will
already cause dips and raises in the measured siga@agth having an erratic Feature
measurement will only add to this. Erratic sigrie¢isgths can cause improper detection of
points even for a longer period of time.
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The total amount of false positives seems to bedow even in this test. The expectations
are that this will still improve since the corrects will add certain stability and earlier
switching then the uncorrected tests. However hignwoban improvement they actually are is
still to be seen.

7.2 Feature Weights Correction

The next set or results are those that are codedth the earlier discussed weights. These
weights basically make one Feature more importeeti bthers based on their earlier results.
Better performing Features receive a higher weiggn those of poor performance. It is
expected that this will be a cause of improvemeratli of the tests.

7.2.1 Stress test

As in the earlier test, the first results discusserithose measured during the stress test. This
time we mostly looked for improvements comparethtoun corrected tests. As before the
first graph shows the totals. As there is no distamultiplier the highest amount available is
the same as before and can just be compared ooeeon

After this there is a graph showing the values awee in relation to all the points. Again this
is compared to the earlier found values and ifrésellts are still as erratic as before. We
would be also be looking for dips and if they asdawv as before or if there is an
improvement.

Totals
Totals of all points
100000 36999,38145
10000 +— O Room 207
1001,20 B afstudeerruimte
1000 133 44 ORoom 228
100 0 88,74 92,00 96,75 ORoom 216
Bl Room 208
10 O Cafeteria
1
1

Figure 37: Totals for each point during the stressest over 1 hour and 43 minutes for the
Importance Corrected numbers.

Shown in figure 37 are the totals of all the PimnBoover time. As before the maximum score
is the same at 43:260. Since all the measuremdrgsewtaken at the same time, it is safe to
say that the difference is caused by the weightction rather then external influences.

One of the first things noticed is that the actial Point is in total is about 2500 points

higher then in the graph in figure 34. Another pahinterest is that the biggest false positive
contributor in the earlier test has also increabtvever the difference between the two has
also increased, thus showing that even in thatcagpeas performing better al be it not by as
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high a numbers as was initially hoped for. All tteer points have gone down in value thus
indicating improvements in general.

Considering that it has the same maximum scorkeasdt corrected test, we can see an
improvement in the scoring percentage. The pergentthe score is about 86 percent
((36999.38/43260)*100 = 85.52) of the max poss#ulere compared to the 79 percent of the
previous uncorrected test ((34271/43260) *100 22p.It will however be interesting to see
if this number can get even higher in the combigdistance and error corrected test, as the
scores are already quite high.

Over time

The next graph shows the results over time. Likkezdhis graph shows the values of each

Pin Point over the time of the stress test. Thiggaph is shown in figure 38 and the first thing
noticeable is that
the signal behaves 12
far less erratic then .

e - NPT =

E—

to be higher in score ‘ V I oeuee e
with the exception 0.6 1 Room 216
of two dips that are 0 — Room 208
at the same level. —— Cafeteria
0,2
is a good addition at | e rssar 11:32:48 11:43:04

almost all times the
measured values for gigyre 38: A time slice plot of the stress test faihe Feature Weights Corrected
room 207 seems to scores per Pin Point.

be between 0.7 and

1.0. The peaks of room 228 also seem to have dstrexi compared to the uncorrected test.
The peaks that exist seem to lower then the sddfee@ctual room with the possible
exception of one. The very low scores found befdrabout 11:40 seem to have improved
only slightly. The hope is that the distance caroecwill solve this and push it closer to a 0.8
rather then a 0.3 it has now.

False positives

False positives in general seemed to have died ddvem one takes the importance factor in
account. Only a few times did other points getelwsactually generating a false positive.
This in itself is not a problem as the main sigstdl usually is stronger then the others. It is
expected that during the test of the complete systiee distance correction will further
minimize the number of false positives.

It is however promising that the difference betw#enactual point and the false positives
have increased and the mount of false positivesgltine over time stress tests have been
reduced. This means that there is an increaseiartfount of times a device will be placed at
its proper location compared to the uncorrectet$ tes
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Impact of the threshold

Adding a threshold of in this test actually woukla lot, since the signal itself is far more
stable then the earlier one a threshold of 0.5minn would only add a few slight periods of
signal loss. It will however filter out most of tfese positive numbers outside of the few
spikes caused by room 228.

This however we think will be fixed in great regaslith the tests using the distance
correction in the complete system results. In ¢hse the last found point has a higher
multiplier and thus points that are further awail e decreased in relation to the last found
point.

7.2.2 Path test

The next test done with these weighted measuremergshe path test. Again the discussion
reviews different
aspects from following
the path over time till
the impacts of a
threshold.

One of the first things

noticeable in figure 39

is that the values

themselves seem to be

higher, with less

“ghosting”. Ghosting is e ‘

the very faint false Figure 39: A side-by-side comparison of the measudd-eature scores. The

positives that seem to peleast transparent means a higher score for a pointed is_ th_e end point

at multiple places on the green is the beglnnl_ng. The colouration betw_een thevo indicates the_z _
transition. The left picture shows the result withno threshold, the middle is

map. Ghosts usually are with a threshold of 0.25 or higher scores and theight are for 0.5 values or
not a problem as there ishigher.

usually a bigger value at
the same time in a different place. They would disappear with the use of a slight
threshold.

1%

Following over time

On thing that is possible in this is the followioger time even with no threshold present.
When looking to the colour tints in figure 39 incbaof the room, it gradually progresses from
green to red. This is a clear indication of a patlen in the two rooms that formed a problem
in the uncorrected measurement there now seenesaalifference that becomes clearer with
an increase of threshold. Room 216 contains marame brown then room 208 thus
indicating that we probably visited that one o time.

When adding a threshold, the “Ghosts” disappeatsi@e of a slight one in room 208, whose
value appears to be similar to the first valueominn 216 after a slight signal gap. This still
indicated that it probably was caused when mowiamf208 to 216. This indicates a clear
path from Pin Point to Pin Point even with the lowkthe two thresholds.
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With a threshold of 0.5 as a minimum all of theséapositives disappear and the path
becomes very clear. This is an improvement agagém the earlier lower value that still
showed a false positive in the cafeteria area®fhtlap. Even though this value probably was
lower and in an actual working environment probatbuld not show up at all.

Loss of Pin Point

When looking at the results, which are not affedtg@ threshold, one can see almost no
signal loss. This is not surprising consideringriggults in the uncorrected test. However it
also seems that the few near signal losses thaevehe®wing in the uncorrected numbers
have dissipated slightly. The transparency seerariost completely disappear at any given
point when in a room. This shows that adding weigbtbetter performing Features is
actually very beneficial to the path test.

Even when adding a threshold there seems to keelb#s, of course the system has gaps
when walking through the hallways but technicalieas not in a room when that happens
and thus the system should not put the device énobthe rooms.

False positives

The amount of false positives seems to have dimagigreatly. Even without a threshold the
system seems to be able to place the device icattiect room most of the time. When before
there was a problem finding the device between r@dfand 208 there now, seems to be an
indication that the device was in 208 before vigjt16. The moment a threshold, even a
slight one, is introduced the false positives seentisappear and the strongest one located in
the Cafeteria also quickly vanishes when the tlolelsincreases.

These findings bode very well for the combined, testere the distance is also taken into
account.

General findings Threshold impacts

It seems that yet again a threshold is actuallgihglin a major way. When there is a desire
to remove lower error values the threshold sevasgurpose. In fact it seems to remove a lot
of doubt of where a device is. It also does noiciaig that the device is in a room when the
device is actually in a hallway. These are all int@at and beneficial results to a rather simple
to implement, and already implemented, technique.

7.2.3 Further findings based on the results

These results tell us that the added bonus of wesiigieatures is one that is particularly
showing of during the path tests. However it alsmlpced improved results during the stress
test when compared to the earlier findings in the-oorrected tests. During the path test the
system has a far lower number of ghosts even witadkreshold. It also seems to have less
doubt to find a room compared to its neighbourss Especially was a problem with rooms
208 and 216 in the uncorrected test.

7.3 Nearest Neighbour Correction
The next set of results is that which only usessaglice correction but leaves the Features

equal in importance. This is done mostly to sedrtigact this has on the measurements and
to see if this is a positive addition. Of course tras to take in account that the highest value
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now is two instead of one so some tests need aslfght adjustments to be comparable to the
uncorrected test.

If an adjustment was made this adjustment willtaéesl and explained. There will also be an
explanation for the reason for the adjustment awd ihnow is comparable to the earlier
measurements. Of course this also goes for theédsistwhich includes both the weights and,
the distance correction.

7.3.1 Stress test

Like before the first focus is on the stress testourse this time we need to keep in mind
that the maximum score has significantly increa3éas noted we can still check for the
distances between Pin Points found and see ifré pauld be close to taking over and
forming a threat as a false positive. Also it igp@cted to be a more stable signal, as signals
that are further away automatically score lowenttie last found signal. This will make the
chance of finding a false positive far lower therdoe as the score for an actual found point
is often higher by quite a margin.

Totals
Totals of all points
100000 68179,30295
10000 - Oroom 207
1247,44 @ afstudeerruimte
1000 -
276,10 ORoom 228
166,36 103.00

100 ORoom 216
B Room 208

10 | O Cafeteria

1
1

Figure 40: Totals for each point during the stressest over 1 hour and 43 minutes for the Distance
Corrected numbers.

As before the first thing discussed are the totalsch are shown in the totals graph in figure
40. Basically it remains the same but to createraparison percentage, as done with the
earlier comparisons we multiplied the total amaefipoints one can obtain by two. This is
since the maximum score also has increased.

If one looks to the percentage alone the scor8df®.3 only takes up 78.8 percent. This is
lower then the uncorrected tests. This is howewdr by a percentage of 0.4 percent. When
keeping in mind that the tests still starts withhnaximum at one and only uses the multiplier
when a point has been found and when it switche¥gi also loses some of that score, it is
only natural that the value is lower considering $let-up of the test.
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The difference between points however is largefabyEven though the other points also had

a very slight increase, the increase of those pasnvnly marginal to slight in comparison to

the tremendous increase of the actual point. Tiffisrdnce means that there is a tremendous
decrease in false positive scores during the stesssnd it would probably stay at the given
point rather then to switch to a false one. Thaese is also caused because we just doubled
the maximum score possible, since this is of cotireenaximum score compared to the

normal non-distance corrected tests.

This should prove to be a stabilizing factor itefiing out points that are not even close to last
found Pin Point. The system can still receive gust as a false positive but it would have to
find it first before getting a score increase. T8hsuld greatly reduce the chance of switching
between points that are not even close.

Over time

Again these results where also plotted over tintés basically gave an improved version of
the non-corrected graph

shown in figure 35. 25
Room 228 still caused
a few false positives 2

but the other rooms —— Room 207
simply do not get close | 15 *;fz;ﬁeze;;u'mte
e_nough to tqke over the . MA j /L Room 216

highest position as UL U' LB IR A — Room 208
shown in figure 41. \] v . ’ —— Cafeteria

0,5

One the first thing o 1 ‘ Pl
noticed is the far higher | 1u140 11:23:17 11:32:48 11:43:04
score and remaining
score of the actual Pin Figure 41: A time slice plot of the stress test fothe Distance Corrected

Point in room 207. scores over time per Pin Point.

While room 228 still

causes about 2 major false positives it reallhésdnly one which such high scores. Often
after such a positive the system often quicklyditite proper pinpoint again and room 228 is

marked down to a level on which it is of no threat.

When only looking to the other rooms it is posstiolspot, as earlier mentioned, that they
usually do not receive a high enough score to pdbeeat of a false positive, in fact they
more look like background noise then actual threathe systems precision.

However like before with the uncorrected test, rimults seem very chaotic. This is to be
expected, as it is basically an increased scaleeofincorrected test with the possibility of
gaining one extra point. It does however add samdalgy in the that other values do not
pose as high a threat as they did before.

The gap found at about 11:40 still is present at blser to 0.5 then to 0.2 like it was in the
uncorrected tests. The hope is that the weighectan together with the distance correction
will push this upward that the signal remains ab@x¥eall over. This would mean it would be
perfectly safe to introduce a threshold of 0.5.
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False positives

As expected the threat of false positives has rediower the uncorrected tests, however room
228 remains able to create some false positivelnds seem that the Afstudeerruimte is able
to approach the signal in the end, but one hasép kn mind that this room is pretty close to
room 207 and thus also gets a multiplier bonusnEken it still does not go over the value of
1, which means that it probably never is selected found positions.

In general it seems that the actual location alralvgays is higher by quite a margin and it is
expected that adding weights to this system wipriove the system even more. Especially
regarding the earlier mentioned stability of thenters.

Impact of the threshold

Like in the other tests we think a threshold waduddp a lot in really keeping out the
unwanted values. Although in this case just seigdiie highest one would already give good
results seeing the huge difference between thalsigdowever adding a slight threshold of
say 0.5 would already cause the system to selegirtsper location from the start rather then
to remain at one erratic position. However singg trrection basically multiplies the value
in respect to the last found value, a thresholchinagtually make it harder to find the proper
Pin Point again after it was lost to a false pusiti

7.3.2 Path test

Like in the previous

test we also recorded =2
the performances of g%
this correction during
the path test. The path "2
tests using different =
thresholds are shown =
in figure 42, which
again uses a 0, 0.25
and 0.5 as threshold
values. il

On of the first things Figure 42: A side-by-side comparison of the measudd-eature scores. The

ice h . least transparent means a higher score for a pointed is the end point green
one can notice here Is is the beginning. The colouration between the twadicates the transition.
that all of the false The left picture shows the result with no thresholdthe middle is with a
positives are far more threshold of 0.25 or higher scores and the right ar for 0.5 values or higher.

transparent then

before during the uncorrected test. This actualyans that their values are lower in respect to
the maximum value possible. However since the bakes are still with an uncorrected
weight there still appear to be some ghosts likettvo in room 206.

Following over time

When tracking the device over time one gets a géidga of the path of the device that was
tracked. There is however still an uncertainty lestawvroom 208 and 216, as before with the
uncorrected test. This is however to be expeciade Hesides a distance correction it
basically still uses equal weights for each Featuflough a distance calculation does add
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some stability, neighbouring rooms can still reedingh scores. Scores high enough to be
seen as a false positive for being higher theratbeal Pin Point.

Since this was mostly fixed with the weighted Feaduit is not expected that it will be a
problem with both of the corrections enabled. Qlg%f that it is very well possible,
especially when adding a slight threshold to folkbw device from room to room.

Loss of Pin Point

The Loss of Pin Point or Pin Point location seeonisd about the same as the uncorrected test.
This makes sense since all of the Features, eeeonbs performing significantly better, have
the same weight. As adding a distance correctiostijnmakes the point itself slightly more
stable and makes switching to neighbouring poiasseg then to points that are not in the
vicinity. Outside of that it is to be expected, eaglding a threshold seems to have the same
effects as the uncorrected test.

False positives

These remain mostly the same in case of neighbgpuoioms, like the room 208 vs. 216
problems. The scores for the Pin Points furtheryaava significantly lower in comparison to
the uncorrected results. In fact even the onearctieteria now shows as partially transparent
where before it was almost solid. As it mostly stéye same for neighbouring rooms it does
however show the need for weighted Features tamabled and it is expected to see an
improvement in the combined numbers.

7.3.3 Further findings based on the results

It seems that with the distance multiplier theibtb add a threshold is just a bit less of an
impact, in fact one can even discuss of addingvan &igh threshold at say 0.6 or even 0.75.
Since the threshold really seems to create a ffigreince between the falsely found points
and the actual points. It also seems to guideybtsr when on the move from room to room
as the false positives which where in completetfedgnt rooms, referred to as “ghosts”,
seems to have decreased in strength in compaongbe &ctual Pin Points.

Even though they are marginal improvements witlhesep, as expected with the rather good
result with the uncorrected test, they still ar@iavements and this again bodes well for the
final results using both corrections over the value

7.4 Complete System

The final results with regular testing are the hsswith the complete system. All of the
corrections are then implemented. Again this wasedtd the same time as the other tests to
make sure there are no other influences besidesthections. As before the first results
discussed is the review about the findings in thess test before concentrating on the path
test.

Again if adjustments need to be made for the imeggtion of the stress test, this will be
mentioned together with the reasons for the adjestsn An expected improvement compared
to the other test, even thought compared to thghted test this might be a hard feat to
accomplish. Especially in the path test it mightlbed to see an actual improvement. During
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the stress test however this will more apparesety as that one focuses more on the raw
numbers and results.

7.4.1 Stress test

As before the first focus is the review of the s$réest results. These results where taken at
the same time as the others but this time witb@llections implemented. This means that the
numbers will be changing to the effects of bothrections. Especially for the stress test this
has consequences, as one will see during the tetdls difference between the Pin Points. It
is also noticeable during the over time test. Th@uld now be a more prominent result for
the actual Pin Point compared to the other results.

Totals
Totals of all points
100000 73865,11612
10000 ORoom 207
1455,70 _
1000 W afstudeerruimte
) . ORoom 228
94,57 ma— ORoom 216
100 -
B Room 208
10 O Cafeteria
1
1

Figure 43: Totals for each point during the stressest over 1 hour and 43 minutes with both
corrections implemented

As before the first review is the discussion of thials. These results are shown in figure 43.
One of the first noticeable things is the tremersddifference between the actual point in
room 207 and the other points. In fact this diffex@is greater then every other difference in
the other total graphs shown in figures 34, 364Mdn fact in most of the false positive
numbers there was a decrease in total comparde tistance corrected test.

Although most differences have improved, the omaared to Room 228 has only improved
slightly. The distance modifier can explain this,itaalso increases the possible scores of
points close by and Room 228 is still close endoglain a boost. In overall the addition of
the weighted Features to the distance correctiarpissitive one.

When looking to the maximum possible score onesegnthat the value of 73,865.12 is 85.4
percent of the maximum score. This is only a mneoluction compared to the 85.52 percent
of the weighted only test. Especially when considgthat the higher maximum score usually
lowers the percentage. This is, as explained beforag the distance only corrected test.
This is because the maximum score is not alwayadd, as the point first needs to be found
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before it receives a proper multiplier. In it slis is a huge improvement compared to all of
the other tests especially the uncorrected numbers.

Over time

As before the results where also plotted over ti&t@wn in figure 44 is the graph that plots
the different values of the different Pin Pointgotime. The first thing noticeable is a
reduction in the

competition to the actual | 25
Pin Point. The only other
Pin Point coming close is | 2 v
the ever-resilient room  tudeerimie
228. The other points e | Room 228
however do not even . Room 216
seem to be a threat. It o
even goes as far as almost o5 -

completely eliminating A

them to the level of o W s ame AnoCA amaARaOLlL sanos oo oo
background StatIC |t 11:14:01 11:23:17 11:32:48 11:43:04
remains to be seen if
these results will be
reflected in the path test,
but the stress test was a most definite improvemest the earlier results.

——Room 207

Figure 44: A time slice plot of the stress test fothe scores with Both
corrections implemented over time per Pin Point.

When for instance compared to the graph in figiretde weight corrected results over time,
the Cafeteria and the afstudeerruimte actually isavee peaks. In this test however these
peaks are completely gone. The graph does shosathe stability of the true Pin Point as the
one in figure 38. The instability found in figur&,Avhich was recognizable from the
uncorrected test results, has now improved. Thisil#ly will give false positive less of a
chance then when this score is erratic. As a $§ighore erratic signal is more likely to fall to
a point where a false positive signal can catchngbcause it to be higher then the actual
point.

The gap shown before seems to have improved agaiost to a score of 0.8 as was hoped.
There seems to be no score at all under the Oibvliiach is a great result considering 0.5 is
the maximum threshold we use during our path test.

False positives

As mentioned before room 228 was again a troublemals it always caused some high
results even in the previous tests. It does seemeVer that the amount of times that it causes
trouble has significantly been reduced. Only thiees it threatens the main Pin Point. One
of these times it does not seem to get a scorghsal the main Pin Point, but all of these
times the duration of threat seems shorter. Theuatnaf other false positives compared to
the earlier results has gone down so much thatytbtiem scored almost a perfect score.

Since a perfect system is not feasible, we belibatthese results are more then reasonable
for a system that it otherwise completely new. 8oesadering a time span of almost 2 hour,
the length of this stress test, to only have agewaonds of false positive would be very
reasonable. This would mean that in a whole dagyistem would only place the device in
the wrong room for less then a minute. This mirnubelld not even be continuous but
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fragmented over 24 hours. As a person usually dogsit in a room for 24 hours on top of
the minute being fragmented, it would mean thatstfstem would correct itself within a few
seconds.

Impact of the threshold

Since the difference is quite high a threshold wWddsically make sure that other Pin Points
are completely filtered out. A threshold of 0.5 wbalmost completely filter out all of the
other Pin Point score. If the Pin Point scores @dnlp, it would cause a small loss of Pin
Point identification rather then a false positigentification. This however is preferable to
actually having the system identify a false Pinnas the last known position still would
indicate the position of the device rather theomgletely false position.

Even with this threshold the system seems to recistable score near the maximum for the
actual Pin Point. This means that the amount PintRoss with such a threshold would be
very low. It is hoped that this will show in a mayephic way during the Path Test Results
that follows.

7.4.2 Path test

Like with all other results the complete system bers where also gathered. This again was
plotted on a map
with different
threshold levels. It
is not however as
easy to see a
difference as before _ .
during the stress
test, However if
one knows what to
look for in figure , = T i -
45 one can see Lo Fan] - : =2 | 228
some major Figure 45: A side-by-side comparison of the measude-eature scores.
mprovements. A e e beginning. The Lolouration betst the twio incicates
before the threshold fhe trf;?nsition. The Ie?t pictugre shows the result vith no threshold, the
values are shown middle is with a threshold of 0.25 or higher scoreand the right are for
from left to right 0.5 values or higher.

the threshold values

are 0.0, 0.25 and 0.5. And also as before the cgi@dually changes tint from green to red as
time passed by.

Following over time

Even with no threshold it is possible to track desice over time. When looking to the end
and start of the bars it is possible to see thaetid of a bar often connects in colouration to
the one in the next room on the route. Even thauigiiout a threshold there is some doubt
between rooms like between 208 and 216 it is napasrent as before with the uncorrected
and weighted test. This can be seen in the coloaraf the 216 bar, which slightly redder. It
also seems that the distance correction helpsasttbngth of the findings in the cafeteria are
as transparent if not more transparent then imigtance only corrected test.

Ezy university of 72
£ groningen



Also there only seems to be a slight false posujivest in room 208, which probably is
caused by our walking back to room 207 via theuas¢rruimte. The other false positives are
not ghosts as they are stronger but still disapfasamith the introduction of a threshold.
Indeed with the 0.5 minimum threshold it seems #tladf the false positives have left and
one can clearly make out the route taken with theae.

Loss of Pin Point

There only seems to be a slight loss of Pin Paiotes which almost is hon-existent unless
one adds a small threshold to the numbers. Thissad@ms to remove the false positives and
loses the Pin Point once one leaves a room. ThRig®od thing, as losing those false
positives when walking through a hallway is betten to have the system think you are in a
room you are not. Now there is an option to apprate the position that is researched in the
paper of my research partner [16], in the caserat ponot found. Outside of that option it is
better to just point to the last known locatiorheatthen to a false positive.

False positives

On the subject of false positives one can be hiliefamount has decrease significantly
compared to the uncorrected test and to the otlwetdsts. The amount of slight ghost signals
has decreased to only one point in room 208 whéekingaby. There is one slight false
positive in room 228 right in the beginning witly@een colour and the ever-persistent
Cafeteria one has become less high in score. Alede seem to disappear the moment even
a slightest threshold is introduced so when selgdhe highest value as the point where the
device is, these points would not even record agipe ID.

The same goes for the doubting points found betweam 208 and room 216, even with no
threshold there already is a clear indication thatdevice first visited room 208 and then
room 216. The longer bar and the redder colouratimw this. In fact if one adds even a
small threshold, it already becomes clear thattlisea distinct colour difference between the
rooms and that there can be no doubt about what was visited first. There is still a slight
doubt between room 228 and 216 shown by the retiddaw the longer bar, but this was
mostly caused by the walk too room 228 and disagpehen the higher threshold is used.

All of the other false positives like the very lighhost in 208 are mostly caused by walking
around and disappear quickly. This makes senseons 208 is close to the path back to room
211 and later 207. Again this score is too loweécsblected as a Pin Point, and the threshold
would eliminate it when walking in a hallway.

Threshold impacts

As noted before, and even during the earlier getiireshold can be a huge bonus in removing
light erroneous scores from the measurements dpiieelsystem. At a 0.5 minimum

threshold al of the points which are false idea#ifions seem to have disappeared and one can
clearly see the path walked from room to room leydblouring of the points. These results
really are better then expected as one can realti the location of a device.

7.4.3 Further findings based on the results

Outside of these results we identified a slightidiphe score that did not show on the other
non-weighted Feature. It shows on the weightedtsebut only becomes apparent after one
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knows what to look for. When looking to room 20 &a@ees that when a threshold is added
there is a slight single dot before moving to ra@®8. This is caused by a low Pin Point score
that is lower then the 0.25 thresholds. This ialits not a big problem as moving between
room 207 and 208 caused it, the system also ceritself before the device even reached the
hallway, as can be seen by the higher thresholdsof

It does however indicate that both the weightedartgmnce and the distance calculation make
it easier for the system to find points when the Point scores drop to low to be noticeable.
Since the System finds it again before one everesidlout of the room.

7.5 Test with 2 Access points

The final test was done separate from the others,veas not possible to do them at the same
time. This test was basically to find out the delgteon of the quality of service when only
using two access points rather then three. Agatness test and a path test where performed
and the results where stored, however this timeligaission will only focus on the most
favourable of the results instead of looking todafiossibilities (Uncorrected, Weight
Corrected, Distance corrected and both correctioptemented). In this case the test that
performed the best, was that one that had botlectons implemented, these still gave some
results which of Pin Point localisation.

7.5.1 Stress test

The first results up for discussion are the redutis) the Stress test. This test ran over a time
span of about one hour and twenty minutes. This tagain all of the results where recorded
and put in a totals and a graph that shows thetsabeof points over time. After this there
also is a graph that shows the scores over timthéodifferent Pin Points in the System.

Again this time the test was done in room 207 uiiegsame Touchsmart notebook but
without the signal broadcasted by the Medion nad&b®nly a few slight changes where
made to the system as it now also accepts mininoames where it passes for only two of the
three access points.

Totals
10000,00
O Cafeteria
1000,00
B room 228
ORoom 207
100,00 - 0O Afstudeer ruimte
Eroom 216
OSAK
10,00
B Room 208
1,00
1

Figure 46: Totals for each point during the stressest for two broadcasting access points
instead of three.
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In figure 46 the results of the totals from thessrtest are shown in a bar graph. The first
thing noticeable is the tremendous increase oflétection of other Pin Points then Room
207. Room 207 is still the signal that gets higlseste, but it is a lot lower then before. In
fact Room 228 is getting over half of the score RA&D7 is getting.

Now when looking to the map this might look a béiwd as the neighbouring rooms 208 and
SAK are getting the lowest scores. This howeverernaklot of sense, since one only uses
two signals the range band of a Feature can passd=like a circle around that point. When
thinking of the locations of Geolocl and Geoloc# #reir distances in relation to the two
highest scoring Pin Points, one can see the dissaau@ very close to one another.

So basically because the distance between Geohad the Pin Point in 207 is close to the
distance between GeoLoc 1 and the Pin Point in r@®@8iand the same holds true for
GeolLoc2 they basically the system is easier tousmfNormally the third point would settle
this matter and provide a third score that wouldlifierent.

Even with this, it was surprising how well the gystperformed when knowing it was
crippled before hand. It does not get a maximunnesby far but still the highest.

Over time

As before these same values where also plottedtiover this time in figure 47. This figure
does show that room
207 still has the 20
better scores.
However it also —_ Cafeteria
shows quite a few r\ —— Room 228

1,5 I_\ A |

false positives for ——Room 207
the other rooms. 1] ;fz:::ezelr;wmte
Again this can be aak
explained by the fact | os{ _ . \ \

: } 7 Nl
that with only two A2 X}:\\; N

ACIREN AL VTN NIV w W

access points there is
Iess Of a unique 10:02:31 10:07:12 10:11:52 10:16:28
signature.

Figure 47: A time slice of the results for each pat during the stress test for

Outside of this the two broadcasting access points instead of three.

system does seem to be able to place the devioein 207 for quite a period of time, while
returning good scores. This was really surprisaggthe initial expectations where for the
system to loose the location of the device mosheftime. What is remarkable is that the
rooms that are not close to these bands seemtt® #exy low, thus again showing that Signal
Strength/Quality in combination with CalibratiomH®oints are more than capable of finding
smart devices. By adding a third room the systemlavbe very precise in tracking the
device.

False positives

As expected there was a significant increase gefpbsitives in this test. This time however
there is not a solution as they are basically fptsstives that are positive to the system.
Unless one adds a third signal there is littleddix for this problem. Especially during the
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path test that is to follow one will see the profearising when only using two broadcasting
access points.

Impact of the threshold

A threshold in this case, unlike before would altyudo little to no good, as often the actual
point itself would perform under the mark or julsgistly above it. All rooms that actually
would score low before now score very low. Theysealittle to no false positives compared
to the ones that are in the same distances fromdtess points earlier discussed. Adding
anything above a 0.5 threshold would cause moreaklgss and would even cause for the
wrong Pin Points to be identified a lot more thiea &ctual Pin Point.

7.5.2 Path test

Now very interesting to see is the Path test, otarest would be if it was even possible to
follow the signal over

time. During the stress =2 == & |l o B == % 4l

test the result had shown (2.5 o i = ;55?5 5 L

that thresholds might ‘ R ohe
actually have a negative w§04 1 [
effect, and it was 208 g

expected to affect the 9P L .
path test as well. The el 5T [
path test itself is shown = | [P

in figure 48 using the 4 B —

same techniques as ‘ | B el g e
before with the Rl oo MG SN o M s IO SO s gy I, PO
colouration and alpha Figure 48: A side-by-side comparison of the measude-eature scores. The least

channel. transparent means a higher score for a point, redsithe end point green is the

beginning. The colouration between the two indicatethe transition. The left picture
Outside of that the aim shows the result with no threshold, the middle is ith a threshold of 0.25 or higher

was to see if it was even Scores and the right are for 0.5 values or higher.

remotely possible to

follow the path of the device. How abundant andisicant the Loss of Pin Point was
compared to the three access point tests. A hugertnof false positives was expected,
which this time might not be possible to fix withheeshold. This threshold would also affect
the score of the actual Pin Point.

Following over time

Interesting is that when looking to the lower Oa2tl O thresholds the system is actually able
to follow the path in a very coarse manner, We kiioat we have started in room 207 and

ended there, which the system actually shows. Hemhe exact rout is not easy to make out,

it remains a guess by the amount of false positjeeerated.

In fact we might as well have started in room 21itWwhs then neighbouring room. There also
is a slight indication of starting, a green blipyoom 228 which like before makes sense as it
is the room with similar distances. Also like thecarrected signal with three points there
seems to be a lot of doubt between room 208 and 216
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Loss of Pin Point

There seems to be little to no loss of Pin Poiictv is not surprising as there are fewer
broadcasting access points that can malfunctiatagr transmitting. It was not a big problem
before already, so with fewer access points it dadtually be less of a problem. There is
however some Loss of Pin Point caused by falsdipesj but this is not because of
degradation in scoring of the actual Pin Point beeaof Signal Strength or failing Access
Points.

False positives

There is a tremendous increase of false positimdact when walking through hallways it
even wants to place you in 2 or 3 rooms at oncgo Alhen one is in a room, it sometimes
places you in another room The system still is &blglace the device in the right room for a
good amount of time, but the removal of one ofdbeess points certainly had an significant
negative effect. There is however little one cariamnprove this outside of just using three
access points instead of two.

Threshold impacts

As was already expected during the stress tebtealtold does little or nothing to help. Yes it
removes some of the false positives but it alscores some of the actual points one does not
want to loose. In fact in this case a thresholdldowt be wise to add at all, as it shows that
when adding a 0.5 minimum threshold there actuslyydifferent starting point, room 211,
then the actual starting point.

Reason for bad results

<

Figure 49: A simple diagram showing the different ignal overlap for 2 and 3 signals. Where the coloed
bands are the ranges for particular signal strengthat a given spot. This range can ideally be obtaiden a
perfect circle around the transmitter. This of course is an unrealistic assumption for a real test.

Since the system has only two signals there is robaa overlap then with three. Shown in
figure 49 is the reason for this overlap. Where¢hirequency bands only have one unique
point of overlap two overlap at two points. Thisans that system might confuse rooms with
each other since it gets the same results in €fatourse the above drawing is in an ideal
situation and the Multicast and Line of Sight pehlmight make rooms in which Pin Points
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are located more unique. This however can alsd@tite problem, as multicast can cause for
regions to over lap closer together and thus make mooms fall into this overlap.

Valid Scores over time comparison
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/\ ——Both Cor

1 V U \j ——2 Points

0,5
0 TTT T T T T T T T T T T T T T T T Tt /—\ T T /\‘/\ rrrrrrrrrrrrrrrr1rr1rrrr1rrrrrTrTTr T T T TrrT
11:14:01 11:18:39 11:23:17 11:28:00

Figure 50: A time slice comparison of each of thealid scores of 15 minutes.

7.6 End result

7.6.1 Unexpected

We did not expect the 2 signals tests to performvelbas it did and the normal uncorrected
test to do so well. It meant that the Feature wsighd distance corrections later added had
smaller effects then originally planned but stilleffect none the less. Good Features seem to
allow for simple classification. Another unexpectath was the instability of the Pin Point
scoring during the stress test when a weight cbomevas not included. It was not expected

to be that as strong as it was, but where gladédtsat better giving the better performing
Features a higher weight helped against this npnaslem.

Both of these things can be seen in the graplgurdi 50, which shows that the two signal
tests actually is not performing that badly but &ast of loss where it has false positives, it
does however also show that the uncorrected testh@ndistance only tests sometimes can
contend with the importance weighted ones, whicérolie very close to one another in
values alone. During the path test the importaneights showed their benefits, as it was
better able to indicate a Pin Point then the destaonly and uncorrected test.

Unexpected was that the Feature Weight correcte@sshow a higher drop and raise in the
average difference between these shown in Tabfd@l2aesults. This can be seen in both the
Nearest Neighbour corrected scores as the scaeerly use this Feature Weight. It means
that when the score does drop it drops slightlthierrthen in the other tests, but it also means
that the increase of a raise is higher. This i®abty caused when a higher scoring Feature
does fail or succeed; its drop or raise is alssicaua higher impact.

Ezy university of 78
£ groningen



Luckily the frequency of drops and raises was tresoesly lower, as was shown in Table 2

of the results, in these tests then in the othsts t¢hus meaning the signal is a lot more stable.
This stability was something we did not expectapen to such a high extend as was shown
in the test.

7.6.2 Expected

It was nice to see the theory confirmed that ad@diatjoration Pin Points is a big help in the
localisation of a device by using the Signal Sttbf@uality of an access point. It even
performed better then was initially expected. AB®was expected, the devices could even be
on the move and still the system was able to tvetukh room it was in or had visited in the
past.

The system also was as fast as was expected, abiaso track a device easily 7 times a
second while recording all of the information usedthe three Access Points tests and
writing these results to a the hard disk. During thalso was running the GUI and showed
the location on screen. An average computer woeldchbre then able to track multiple
devices at once without breaking a sweat.

Also as expected the system is cheap to implerasrihe routers themselves where the
cheapest ones we could find and still it performexy well. This basically is in the spirit of
the Smart Houses for All project earlier mentiomethis document.

Ezy university of 79
£ groningen



8 Conclusions

The problems regarding Location aware systemsrwarSHousing is a complex one. Since
one has to do more then just find the positioneafge, the system also has to identify the

person. Already a lot of research was done infiéid with various results, but mostly all of
them interesting even if they are not completelthmline of this paper.

In this paper we looked at the usage of a Signah§th Identifier for this problem, to be
specific to create a map that would help deal withproblems a building provides regarding
Signal Strengths. We looked at different techniggeme using RFID tags while others used
Infra red sound, Cameras and IR light. We alsoddakto different location techniques that
used a Time of Arrival or Angle of Arrival methdBlefore we settled on the idea of using the
Signal Strength of a cheap Access Point instead.

From this the work was divided into two lines. Thist was discussed in this paper, and
mostly entailed the creation of the Pin Points @iedextraction of viable information from

this raw data. This would create a map for the seégaper to use for a more precise
localisation of the device. These Pin Points colgh be placed through out the building as to
create beacons of calibration and thus helping thighproblems of multicasting and line of
sight.

For this solution we have build a program that wiaude cheap and ordinary Access points or
Wireless routers to locate a smart device locatiith the precision of a Pin Point. This

would test the efficiency of the Pin Point syst&imce the precision of finding the earlier
created Pin Point again after time mend that tlayle used to provide information. With

this in mind the following research questions wreteged and answered.

Is it possible by storing measuring values to solvide problem of a buildings layout and
interference?

To an extent yes, some problems with multicastmdyiaterference remain, although a
majority of the interference can be filtered andetainto account. The precision of the system
would also benefit with more Pin Points rather thiEwer. Of course better quality
transmitters would also have a more stable signality.

To what level is it possible to negate this interfence, by using these stored values and
the Features extracted from them?

As shown in the results and the discussion of thtbseinterference can be filtered out for a
major part. Since the system would have at leastCGalibration Pin Point in each room, it
would provide with a decent map of the decayingrgjths. Thus corrections can be made to
localize the device with these Pin Points as Cailibg factors over the measured strength for
that location.

What other features can one add besides the storeldta, to further negate this
interference?

From the stored data Features can be extractesk Fematures do not all perform at the same
level of quality. To help with this we gave the keas weights, better performing Features
got a heavier weight then those of worse performaiibis seemed to provide a more stable
detection and higher scores in general comparacditore erratic reading to a test without
these weights.
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Another extra feature implemented was a distano@ciion; since a person can only walk in
a certain speed it would be foolish to give althe# Pin Points the same value. With this
correction points that where far away where noteridd away to a level of no longer being a
threat. Especially Pin Points at another floor doww be filtered out as a person would not
be able to walk there as fast as he would to gibents on the same floor. This correction
provided with a stability of remaining at a poimidsfiltering out false positives especially
when considering a path test.

To what extent can this stored data, Features andlwer features be used to find a device
with stored data location precision?

This proved to be quite a capable system of detedtir Pin Point precision, outside of some
minor flukes the system as able to find the degitarge amount of the time. Especially with
both of the features added it performed very weltan be seen in the discussion of the
results.

In conclusion the system performed better then eeple especially during the tests where the
device was tracked over time. It was actually yepdissible with quite a precision to track
which rooms the device had visited. It was alseriggting to see that Signal Quality or Signal
Strength is very useable for localisation of sndastices. In fact it was surprising that the
amount of false positives where as low as they ajheren in the first tests. Also surprising
was that it had little to no Pin Point Loss evethwhe cheap routers used in the simulation.

Because of the cheap hardware used we also prbaethe system is quite cost effective and
therefore a good contender for indoor localisatiothe Smart Houses for all project. With
more and more smart devices becoming availablé, eahstant decreasing costs in a market
that is already quite saturated, even the devsedf ishould not be a big contender on the
budget. If devices however are a problem and Motegher specialised devices are a
requirement, the simplicity of just sending thensilgstrengths to a server would mean that
any device that can receive signal strengths doelldsed. With just a small program that
sends the received signal strength to a servdnairdevice one should already be able to
properly track the device from room to room. Thisl ghe results we received during research
are our strongest points for our system.

There was however an expected reduction in precdhiming the tests with only two access
points There was an increase in false positiveg;iwivas to be expected. But the system did
show it is flexible enough to even handle sevecelyupted information and still come to a
good educated guess of the position.

It is expected however that with the use of slightlore expensive routers which have a more
stable degradation of the signal but also a mafgleisignal strength the system would
benefit especially when it has to work on a 24 hbdays a week basis. In which more is
asked from the Access points and thus a betteitgsajnal and hardware is an added
benefit.

That said there is still plenty of room for furttresearch, especially in the generation of Pin
Points, the minimum size of raw data, improvemémtsacking the device in between Pin
Points [16] and learning Pin Points. All of thegdions will allow the system to grow up and
make it even more of a contender to be used forSHmuses.
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From the research done we can conclude that thensyserformed better then expected, in an
actual environment, the system is cheap to impl¢meth easy to port to other mobile
devices. This concludes the paper on a positive antl with hope that further research will
actually improve and use these techniques to Gruiind perfection.
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9 Future work

As with any research there is always room for immproent or work based on earlier findings.
The findings found in this paper are no exceptidits.instance we ourselves also found a
few points in which we think the system can eitheimproved, would be a good thing to add
and to try out.

9.1 Learning Pin Points

The first thing expected to be a huge benefit éosystem is the addition of learning Pin
Points. Basically what this would do is, if the szof device ranks above a certain minimum
or receives the maximum score that that signahgtreis added to the raw Pin Point
information. Of course one cannot keep adding éorélwv information and somewhere there
has to be a maximum.

The size of the this raw data, the minimum scofereehe new signal strengths are added
and what data to throw away are all subjects thatoe researched. One can for instance
research how the size of the raw information rel&bethe precision of the localisation but
also in what way data is removed. In case of theokal of data, is a First In First out model
superior to a model that removes the extremes sdtuad or a combination of models.
Another nice point would be what the minimum siz¢he initial raw data has to be for the
system to properly start correcting itself.

Learning Pin Points in itself sounds like a verienesting addition to the technique. Which
we expect would be nice to look into with furthesearch, but fell beyond the scope of the
time allocated in our current research.

9.2 Further precision for location between Pin Points

As my research partner’s paper [16] shows we al$same research in finding the devices
location in between the Pin Points. It would beiasting to add more precision to these
methods that we investigated. We looked into adétose already, but it would be
interesting to see if further improvement is polesikspecially when thinking of following
the device actually through the house with a precithat is one square meter or less.

We think this can be done with improving the tecjueis and smart deployment of Pin Points
maybe even multiple Pin Points per room. Technigqui@sh might be interesting to add is to
make an automated system that looks to the aveleg@adation of the signal quality between
pin points, and when between some points this séeilms above the average it assumes there
is a wall in between. For further precision one akwo look into different methods and even
having the server itself keep a history of the @agierson usually walks and learn to improve
its precision from that.

These points again fell beyond the scope of oueatiresearch in the given time, but still are
really interesting to further look into as it appeto be a very promising addition to the
system.

9.3 Testing the system en mass.

We already tested the system in a working enviraripret a laboratory environment, but it
would be nice to do further research in an envireninwith multiple devices being tracked an

Ezy university of 83
£ groningen



mass. For instance an actual home or working plaitean actual server simulating that the
server turns lights on or off or regulates the imgaias is shown in the Smart Houses for All
projects. This would than be with the addition of system and multiple people walking
around with a smart device with our system runmmipe background.

Interesting to see then is how the system perfamashow precise it actually is, especially if
it detects people in the right rooms and if itiegerly interfaces with the systems researched
and developed by other people. Also it would béngeresting test, as errors are bound to
come up a lot faster in such an actual test ovien@of days. This again could be researched
maybe with the addition of the earlier mentioneatméng Pin Points or Precision
improvements between Pin Points.

9.4 Multiple Implementations

One last thing that might be interesting to dmisreate multiple implementations for
different devices and see how they stack up inlteedeor instance one could make an
implementation for Symbian Devices, the new Mulisking IphoneOS, Motes that can
receive WiFi data, Android Devices, Meego, Winddvsbile and/or BlackBerry. Then look
at how they stack up and perform over time.

Especially when walking around and in stress tiéstn be very interesting. Since the code is
easily ported, as it is just sending it's signa¢isgths to a server. The Hardware and OS
themselves might be able to influence the resaltsdreat extend and thus create very
different results per device.

9.5 Further research in General

Of course these are just a few points we thinkraegesting and some other people might
find other options or interesting research to deeldaon our findings. We think that this
research will allow for further research topics éimak there is great room for further
refinement and improvement even beyond the fewoaptmentioned here.
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Appendix A:

A diagram showing the basic flow of a Single Vakeature filled Multi Measurement
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Appendix B:

A diagram showing the flow of the Main program
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Appendix C;

A diagram showing the flow of the simulation praces
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Appendix D:

Showing the flow of a the simulation Cycle Process
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Appendix E:

The structure of the Pin Point Functions DLL, ttii®s not show the attributes and

implemented methods for each implementation of éagalture, as it is the same for each one

and is later discussed in “Feature Interface aradure Generation”.

PinPointLogic
-allowedSSID : object
+calcErrorValues() : object

MedianValueOverTime

+loadHotSpots() : object
+savePinPoint()

OneValueModeFeature

+savePinPointBin()

+loadPinPointsBin() : object
+pinPointFromFile() : object

MinMaxMultiVal

+register()

+doScan()

«interface»
IFeature

OneValueMedianFeature

+Importance() : int
+checkFeatufg : bool
+doFeatul) : object
+Name() : string
+ErrorPerDeV() : object
+Values() : object
+Needed() : int

OneValueAVGFeature

ModeValueOverTime

RandomValOverTime)

N

RandomMultiVal
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Appendix F:

A map showing the values found over time on a nfahearea during the uncorrected test.
Starting at Green gradually shifting tint to Reekotime. The alpha channel is the strength of
the Identification. The left most picture is nodbihold; the middle is a minimum threshold of
0.25 and the right a 0.5 threshold.
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Appendix G:

A map showing the values found over time on a nfahearea during the Nearest Neighbour
Corrected test. Starting at Green gradually shgftint to Red over time. The alpha channel is
the strength of the Identification. The left mogttpre is no threshold; the middle is a
minimum threshold of 0.25 and the right a 0.5 thodg.
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Appendix H:

A map showing the values found over time on a nfahearea during the Feature Weight
Corrected test. Starting at Green gradually shgftint to Red over time. The alpha channel is
the strength of the Identification. The left mogttpre is no threshold; the middle is a
minimum threshold of 0.25 and the right a 0.5 thodg.
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Appendix I:

A map showing the values found over time on a nfadhearea during a test with all
corrections enabled. Starting at Green gradualfyirsip tint to Red over time. The alpha
channel is the strength of the Identification. Téfé most picture is no threshold; the middle
is a minimum threshold of 0.25 and the right at@rgshold.

T IES T

L1 El====] s

P e 8

university of 94
groningen




Appendix J:

A map showing the values found over time on a nfadhearea during a test with all
corrections enabled. However these results are wiaheonly two Access Points. Starting at
Green gradually shifting tint to Red over time. Blegha channel is the strength of the
Identification. The left most picture is no threkhdhe middle is a minimum threshold of
0.25 and the right a 0.5 threshold.
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