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Abstract
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Master of Science

Integration of Indoor Location-based Services to an University
Environment

by Barbaros ÖZDEMIR, BSc

Location-based services enable improvements in processes not only as
a tool providing assistance for users by extending their knowledge on areal
information and ongoing activities close-by their whereabouts but also as
a sensor collecting spatiotemporal data on users to allow application of big
data analytics which uncovers correlations in users’ behavior in different
circumstances.

The positioning of users is critical for location-based services to function
properly. The techniques and the required accuracy of positioning varies
depending on specifications of the deployed service. I.e. services designed
for outdoor usage may leverage positioning techniques which do not per-
form as well indoors. Furthermore outdoor location-based services may
require lower level of precision compared to services designed for indoor
usage. As indoor positioning has different requirements in terms of tech-
nology unlike outdoor positioning there is no ubiquitous solution which
can be utilized.

This study embodies the design and implementation of an experimen-
tal system which contains both the development of an indoor positioning
algorithm and the implementation of indoor location-based services and
analytics tools by using open-source technologies. The algorithm imple-
mentation consists of a simulation program, a mobile device- and a server-
side application. The management of services occurs on a website through
an Administration Panel.

The proposed indoor positioning technique is a Wireless Local Area
Network (i.e. WiFi) Fingerprinting algorithm based on Received Signal
Strength and is designed to dynamically adapt itself to different environ-
ments. It also provides a self maintenance feature to limit the requirement
of interventions for correction of positioning errors after deployment.

As the proposed system has a modular architecture it can theoretically
be extended to cover an unlimited number of indoor locations for position-
ing and to supply them with customized indoor location-based services.

HTTP://WWW.UNIVIE.AC.AT
https://cs.univie.ac.at
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Ortsbasierte Dienste ermöglichen die Verbesserung von Prozessen, in-
dem sie die Benutzer mit Orts- und Ereignisinformationen in deren un-
mittelbaren Nähe unterstützen. Außerdem werden sie als ein Sensor zum
Wahrnehmen von Ort-Zeit Daten von Benutzern verwendet. Letzteres er-
möglicht die Anwendung von Datenanalyseverfahren, um Korrelationen
im Benutzerverhalten aufzudecken.

Die Ortung von Benutzern ist Voraussetzung für die Funktion Ortsba-
sierter Dienste. Die Methoden und die benötigte Korrektheit der Ortung
variiert basierend auf den Spezifikationen der eingesetzten Dienste. Die
Dienste, die für die Outdoor-Ortung gedacht sind, nutzen Methoden, die
im Indoorbereich eine schlechtere Leistung erbringen. Weiterhin erfordern
Outdoor Ortsbasierte Dienste im Vergleich zu Indoor Ortsbasierten Diens-
ten eine niedrigere Ortungsgenauigkeit. Da Indoor-Ortung verschiedene
Anforderungen im Sinne der verwendeten Technologien als Outdoor-Ortung
hat, existiert dafür zurzeit keine universale Lösung.

Diese Studie enthält das Design und die Implementierung eines expe-
rimentellen Systems mit Open-Source Produkten. Sie umfasst sowohl die
Entwicklung eines Indoor-Ortungs-Algorithmus als auch die Implementie-
rung Indoor Ortsbasierter Dienste und Analysefunktionen. Die Implemen-
tierung des Algorithmus besteht aus einem Simulationsprogramm, einer
Mobile und einer serverbasierten Anwendung. Die Verwaltung der Diens-
te erfolgt über eine Webseite, welche die Aufgaben und Funktionalitäten
einer Administrationsschnittstelle realisiert.

Die vorgeschlagene Indoor Ortungsmethode ist ein Wireless Local Area
Network Fingerprinting Algorithmus basierend auf die empfangene Signal-
stärke. Sie ist so entworfen, dass sie sich an unterschiedliche Umgebungen
dynamisch anpassen kann. Sie bietet desweiteren eine Selbstwartungsfunk-
tion, welche die Notwendigkeit manueller Eingriffe zur Korrektur der Or-
tung nach Start des Einsatzes begrenzt.

Das vorgeschlagene System hat eine modulare Architektur. Dadurch
kann es theoretisch so erweitert werden, dass es eine unbegrenzte Anzahl
von Indoor Orten beinhalten und diese mit maßgeschneiderten Indoor Orts-
basierten Diensten unterstützen kann.

http://cs.univie.ac.at/wst
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1 Introduction

This chapter contains a basic introduction to indoor positioning and location-
based services. It discusses the challenges that need to be handled by tech-
niques designated as candidates for indoor positioning. It also encom-
passes the aim and expected results of this study and provides an overview
on its structure.

Indoor positioning is about locating objects inside closed environments
by e.g. utilizing sensors on mobile devices and if applicable references from
the surrounding. The quality of positioning is then evaluated based on the
attributes accuracy and precision. Throughout this study the term "accu-
racy" is used to indicate the level of correctness of the calculated position
and the term "precision" to indicate the level of detail position data contains.
As a rule of thumb decrease in precision is expected to increase accuracy.

1.1 Motivation

According to the study of Michaels (2012) not only the amount of large
infrastructures continue to increase and but also the area these buildings
contain expands as shown in Fig. 1.1.

The increasing size of structures results in higher complexity of their
architecture which makes navigation more difficult for its visitors. Large
structures are due to high number of services they offer also challenging for
conducting analysis on i.e. visitor flows and utilization pattern of different
areas in the building. These analysis are critical to optimize and orchestrate
processes inside structures to ensure steady run of their services.
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FIGURE 1.1: EIA’s 2012 Commercial Buildings Energy Con-
sumption Survey result compiled from Michaels (2012)
(blue - number of buildings, red - floor space in square feet).
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The lack of real-time monitoring tools for processes taking place in-
doors, where human spatiotemporal behavior effects the run-time of the
process, the lack of tools for collecting data on retail agglomeration and the
requirement for undertaking measures regarding problematic navigation
inside large buildings are the main arguments for this study’s motivation.

1.2 Problem Statement

The challenge in indoor positioning is the development of an ubiquitous
technique performing in a foreseeable range of accuracy and precision in
every closed environment.

As the so called "Personal Zone" of humans have been calculated in Hall
(1966) between 45 cm and 120 cm the targeted precision of indoor position-
ing techniques is to be set ideally as 45 cm.

The horizontal precision provided by existing ubiquitous positioning
techniques are for GPS according to GPS Standard Positioning Service (SPS)
Performance Standard (4th Edition) (2008) three meters and for GLONASS
according to Information analytical centre of GLONASS and GPS controlling
(2016) ten meters. Additionally as stated in Pahlavan and Li (2002) these
techniques are not designed to work in closed environments. Thus their
performance decreases when there is no line of sight between the receiver
and the satellites.

As also stated in Costilla-Reyes and Namuduri (2014) there is no ubiq-
uitous solution published yet for indoor positioning.

1.3 Aim of the Work

The aim of this study is the development of a platform which is capable of
showing visitors behavior inside buildings through analytics features with-
out requiring the installation of additional hardware to extend the existing
WLAN infrastructure.

The platform is also enabled to create messages which are send to their
recipients once the addressed user stands in the designated location during
the given time interval. The messaging service is designed in a way that it
can be extended with minimal effort simply by adding new modules and
linking them to the platform.

The development of a mobile application with indoor positioning capa-
bility to support the services feature of the platform is also a critical objec-
tive of this study. The implemented indoor positioning algorithm is aimed
to have a precision of 3.5 m, which is determined in Hall (1966) as the dis-
tance of the so called "Social Zone" in human interactions. Furthermore
the design of the algorithm contains a self-maintenance feature making the
algorithm adaptable to the changes in the environment.
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1.4 Structure of the Work

This thesis consists of seven research chapters. The relationship between
each research chapter and the handling of topics is visualized in Fig. 1.2
where each group of associated chapters is colored with a different density
of Grey.

Chapter 2

Chapter 3, 4

Chapter 5, 6, 7

Chapter 8

Location-based
Services

Infrastructure-
        free

Infrastructure-
       based

reactive proactive

Inertial
Visual

WLAN
UWBBLE RFID

Community 
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Implementation 
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Location-based
Services for

University Environment

Implementation 
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Server-side Application

Implementation 
of

Administration Panel 
and Analytics Features

Extensibility

Mobile Application Location-based
Services

Interoperability

FIGURE 1.2: Contents of each chapter and the inter-chapter
relation of discussed subjects.

Chapter 2 provides an overview on techniques for indoor positioning
and their specifications. It also compares them according to their perfor-
mance and requirement of maintenance. The main objective of this chap-
ter is to discuss all known main-stream technologies which can be utilized
to enable indoor positioning. Chapter 2 provides also an introduction on



4 Chapter 1. Introduction

location-based services and discusses them in context of the university en-
vironment. The names of these location-based services are used throughout
this thesis as a guideline to indicate which services are considered for im-
plementation, how they are interpreted and which parts of the implemen-
tation is relevant to which location-based service.

Chapter 3 provides information on the developed WLAN Fingerprint-
ing algorithm in this study and its evaluation using a simulation program.
As shown in Fig. 1.2 the developed algorithm within this study utilizes
only two of the technologies described in Chapter 2; Inertial and WLAN.
This chapter also contains the accuracy and precision of the developed al-
gorithm and its detailed description. Although Chapter 3 contains an eval-
uation of the algorithm’s performance it is important to note that the sim-
ulation program which conducts the evaluation is a part of the algorithm
and the algorithm works according to best-effort principle (i.e. generates
best performing signal map).

Chapter 4 discusses the design of location-based services which are con-
sidered suitable for implementation at the university environment within
this study. As shown in Fig. 1.2 only four of the initially introduced services
from Chapter 2 are selected as the suitable for implementation. This chap-
ter describes which criteria was utilized for selection of the location-based
services and how each location-based service is interpreted for implemen-
tation.

In Fig. 1.2 are the results shown which are created at the end of Chap-
ter 3 and Chapter 4 and how they are associated to the components of the
implementation.

Chapters 5, 6 and 7 discusses the implementation in regard to its ar-
chitecture, the algorithm from Chapter 3 and the selected location-based
service features from Chapter 4. Please note that the names of in Chap-
ter 2 introduced location-based services are used throughout this thesis to
help the reader to understand the relationship between the services, their
interpretation and their implementation.

Chapter 8 provides information on extensibility and interoperability of
the proposed system.

1.5 About the Implementation

The implementation consists of three parts; a server-side application, a web-
site and a mobile application. The code has been published on the project
homepage. The project homepage is located under following URL:
http://ilbs.cs.univie.ac.at/

The mobile application for devices running Android Operating System
can be downloaded from the Google Play Store through following URL:
https://play.google.com/store/apps/details?id=at.ac.univie.cs.ilbs

The video demonstrating positioning performance can be viewed under
following URL: https://youtu.be/CwEp2NzYlwA

All schema have been drawn with the program "Inkscape" and all plot-
s/heatmaps have been generated with the program "R". Exceptions are
mentioned in the caption.
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2 State of the Art

This chapter provides an introduction to the existing indoor positioning
techniques. It also discusses the location-based services and their potential
application scenarios.

Although the aim of this study lies primarily in the development of an
indoor positioning technique which does not require any additional hard-
ware to the existing WLAN infrastructure. This chapter discusses also the
techniques which were not planned to be used in this study but were con-
sidered and compares them regarding their performance, implementation
and maintenance costs.

2.1 Indoor Positioning

Indoor positioning is the term used to describe the technologies applied for
location estimation of people and items in closed environment.

As stated in Lymberopoulos et al. (2015) the technologies used for in-
door positioning can be divided in two groups; "infrastructure-based" and
"infrastructure-free".

2.1.1 Infrastructure-free IPS

Infrastructure-free positioning systems are utilized to calculate position rel-
ative to the starting point, where the device was positioned at the beginning
of movement i.e. initial position. The advantage of inertial positioning al-
gorithms is that they are autonomous and do not require any infrastruc-
ture for computing the location once supplied with initial position infor-
mation as mentioned in Goldenberg (2006). The calibration of the initial po-
sition information is required to estimate device’s absolute position. This
is why inertial positioning algorithms have the necessity to be combined
with an infrastructure-dependent algorithm for indoor positioning or GP-
S/GLONASS.

An alternative to the inertial navigation is the visual navigation which
works in a similar fashion to a human recognizing the position by compar-
ing elements in the surrounding with previous knowledge of that area.

Inertial

The inertial navigation is conducted based on the data from compass, gy-
roscope and accelerometer sensors.

An accelerometer sensor can measure acceleration force which it is ex-
posed to along a given axis. The accelerometer sensor utilized in Android
devices read acceleration forces along x, y and z axis where x and y are



6 Chapter 2. State of the Art

horizontal and z is vertical as stated in Milette and Stroud (2012). A rela-
tive to the earth stationary Android device lying on a surface without an
incline and standing at sea level reads on z axis a value around 9.807 m/s2

which equals to the earths gravitation force. The x and y accelerometer of
the same device read a value around 0 m/s2. An accelerometer employed
in Android devices can measure acceleration at rates of up to±16 g as men-
tioned in LSM330DLC iNEMO inertial module: 3D accelerometer and 3D gyro-
scope (2012).

As a compass a magnetic field sensor is utilized which measures the
magnetic flux density around it caused by an electronic device or a magne-
tized item. The magnetic field sensor in Android devices takes advantage
of Hall sensor technology and can measure magnetic flux in x, y and z axis
with a sensitivity of ±4900 µT as mentioned in AK09911 3-axis Electronic
Compass (2014). When computing the direction based on the earths mag-
netic field there are two effects to take into consideration i.e. magnetic in-
clination and magnetic declination. The term magnetic inclination implies
that the magnetic field of the earth is not horizontal to its surface at all loca-
tions. The reason for employing a 3-axis magnetic field sensor as a compass
is magnetic inclination because a 3-axis magnetic field sensor does not re-
quire to be horizontal to the magnetic field in order to read it. The term
magnetic declination implies that the magnetic north of the earth does not
show the true north. Thus data from a magnetic field sensor needs to be
calibrated with the help of the GPS position.

As gyroscope an angular velocity sensor is utilized which measures its
acceleration while rotating by taking advantage of the Coriolis effect. A
gyroscope employed in Android devices can measure angular acceleration
at rates of up to ±2000 deg/s as mentioned in LSM330DLC iNEMO inertial
module: 3D accelerometer and 3D gyroscope (2012).

According to Accelerometer Terminology Guide (2007) the sensor data has
a limited resolution and is subject to noises which are described by Schloss
(1993) as any undesired signal. The accelerometer sensor readings captured
during a four seconds walk are shown in Fig. 2.1.
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FIGURE 2.1: Log of the Accelerometer Sensor (Sensor color-
ing schema; x-axis: red, y-axis: green, z-axis: blue).
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Each spike of the blue line representing the z-axis between 1st and 5th

seconds are generated by the vibration at one of the five steps. A similar
pattern can be recognized in y-axis. The reason for this is that the mea-
surement was made on a tablet device hold with one hand (left) which was
rolling at each step temporarily to the right. The data on the x-axis which
indicates the linear acceleration of the movement lacks a similar pattern as
seen in y- and z-axis, thus making its interpretation challenging. The data
measured between 0th and 1st seconds are noises.

Noise from accelerometer and gyroscope sensors can be misinterpreted
as movements. This misinterpretation causes drifts i.e. bias errors in calcu-
lated position. The inertial navigation does not utilize a calibration mecha-
nism. As a result a bias error occurred during run time is carried through-
out the calculation until the absolute position is calibrated again. To prevent
the bias error developed during inertial navigation (i.e. sensor fusion) an
algorithm is required to utilize methods such as the Kalman filter for noise
elimination as suggested in Sabatini (2006).

It is possible to reduce the error of each sensor and to create a reliable
basis for the computation of movement direction and distance through a
sensor fusion algorithm as suggested in Sachs (2010) .

Visual

The visual indoor positioning can be conducted with ego-motion systems
computing their location based on 3D building models. The depth informa-
tion is gained through synthetic stereo vision as stated in Mautz and Tilch
(2011) or using a 3D camera with a range of up to four meters as stated in
Intel R© RealSenseTM Data Ranges (2015), and utilized in experimental mobile
devices as stated in Project Tango (2015).

The challenge in visual indoor positioning is that the latest 3D model
of the building is required to be available to the device prior to the com-
putation. It is also critical that the employed algorithm has the ability to
distinguish obstacles created by temporarily placed items and human pres-
ence from the building’s infrastructure.

2.1.2 Infrastructure-dependent IPS

Infrastructure-dependent positioning systems are based on radio-signal reck-
oning. The infrastructure can be utilized as multiple reference points or
a unanimous sensor. This study discusses the technologies (except UWB)
from the perspective where they are put in use as reference points and the
positioning is conducted on client-side in a similar fashion to GPS. As dead-
reckoning is conducted prior positioning the absolute position can be com-
piled from received signals attributes and location of their transmitters.

Algorithms implemented for infrastructure-dependent positioning take
advantage of WLAN signals, BLE beacons, UWB and RFID technologies.

WLAN

The number of public WLAN access points (i.e. hotspots) have increased
around 200% each year from 2009 to 2011 as stated in Wireless Broadband Al-
liance Industry Report 2011. This increase expectancy continued throughout
the following years till 2015 as illustrated in Fig. 2.2. According to Gabriel
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(2014) between 2013 to 2015 more then seven million hotspots have been
deployed annually with a steady increase. Number of hotspots is expected
to increase 70% between 2015 and 2020 as stated in Howson (2015).
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FIGURE 2.2: Number of public hotspots in the world com-
piled based on data extracted from Wireless Broadband Al-

liance Industry Report (2011).

Due to the increasing availability of WLAN signals, positioning sys-
tems leveraging the existing WLAN infrastructure of buildings for loca-
tion estimation are cost efficient and thus preferable compared to other
infrastructure-dependent positioning techniques. Indoor positioning based
on WLAN signals can be established through trilateration or measurement
of received signal strengths.

The multilateration technique utilizes the information on distance from
reference points to calculate the position relative to these references. The ab-
solute position is then compiled from the absolute position of the reference
points and the relative position to them as illustrated in Fig. 2.3. Similar to
GPS at least three reference signals are required to estimate the position in
three dimensions or three reference signals to estimate the location in two
dimensions.

Trilateration can be applied on WLAN signals through the TDOA or the
TOA method as stated in Golden and Bateman (2007).

The TDOA method can be utilized in a similar fashion to the GPS so
that a client can compute its location based on the signal received from
multiple transmitters (i.e. WLAN access points). The challenge is however
that unlike in GPS the client can listen to only one access point at a time as
WLAN signals are transmitted in multiple channels as stated in e.g. IEEE
802.11b Wireless LANs (2007). Furthermore the access points are required
to be synchronized. The distance is calculated through velocity of WLAN
waves and the differences in time of arrival of WLAN packets where shorter
time of arrival indicates a shorter distance.
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FIGURE 2.3: Trilateration in a coordinate system with x and
y representing the position in 2-D. (AP - access point, d -

distance, Pos - position).

The TOA method differs from TDOA as it can calculate the synchro-
nization error between two nodes by measuring the propagation delay. The
TOA works after the principle sending probe requests and measuring the
time till the acknowledgment is received. Distance is measured by utiliz-
ing the information on the velocity of WLAN waves and the time of arrival
difference of two packages.

The technique utilizing received signal strength is called Fingerprint-
ing. As stated in Hansen et al. (2010) WLAN Fingerprinting works after the
principle that RSSI values of WLAN signals read are compared with previ-
ously recorded WLAN signals and their signal strengths at mapped areas.
The area with highest similarity of WLAN signals and signal strengths is
then designated as the clients position as illustrated in Fig. 2.4.

It is important to note that although both techniques trilateration and
WLAN Fingerprinting require dead-reckoning of WLAN signals prior lo-
cation estimation the Fingerprinting technique does not require any knowl-
edge on the exact position of WLAN access points to compute device’s po-
sition, thus it is easier to apply than the trilateration technique.

As stated in Lang and Gu (2005) WLAN signals are effected by humid-
ity, temperature, mobile objects in the environment (i.e. people), thus the
algorithms need to employ tools to adapt their calculations respective envi-
ronmental changes.



10 Chapter 2. State of the Art

AP#2

AP#1

AP#3

0

yAP#1

yAP#2

yAP#3

xAP#2 xAP#1 xAP#3

Pos

FIGURE 2.4: Fingerprinting in a coordinate system with x
and y representing the position in 2-D. (AP - access point, d

- distance, Pos - position).

BLE

As stated in Faragher and Harle (2014) both WLAN hotspots and BLE bea-
cons work in 2.4 GHz frequency. There are however critical differences
between WLAN and BLE technologies.

WLAN hotspots can transmit in one of the 14 channels as stated in Ferro
and Potorti (2005) whereas BLE beacons transmit in one of the three chan-
nels. This difference makes BLE receivers to complete a scan faster then
WLAN receivers, so that they can achieve a higher location update fre-
quency.

According to Faragher and Harle (2014) the effect of obstacles -such as
presence of a human body between transmitter and receiver- to BLE signals
in ten centimeter range causes an error of one meter in calculated position.

The change in BLE signal strength even in close distances allows higher
precision in computation of the position. As stated in Faragher and Harle
(2014) a precision of up to three centimeter with 95% accuracy can be achieved
by utilizing around 6-8 BLE beacons per fingerprint.

As BLE signals are in the same frequency with WLAN signals they are
effected by environmental changes in similar fashion.

In Fig. 2.5 data on BLE signals RSS from Faragher and Harle (2014) and
on WLAN signals RSS from Wi-Fi Location-Based Services 4.1 Design Guide
(2008) by increased distance between receiver and transmitter is illustrated.
The plot shows that the course of the RSS from BLE beacon is steeper then
the RSS of the WLAN signal during the first ten meters. This indicates that
BLE technology proves to be a better candidate for indoor positioning as it
provides a higher precision in close range then the WLAN technology.
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FIGURE 2.5: Comparison of RSS of a single BLE and WLAN
signal by incrementing the distance of the receiver to the

transmitter (red - BLE signal, blue - WLAN signal).

Furthermore the plot indicating BLE signal strength shows that change
in BLE signal strength is more consistent compared to the change in WLAN
signal strength when distance to the source is increased. During the first
ten meters distance from the source the WLAN signal strength increases at
two positions as shown in Fig. 2.5 unlike the BLE signal strength which
constantly decreases when moved away from the signal source.

Due to the shorter range of BLE compared to WLAN signals as stated
in Lee, Su, and Shen (2007) the utilized BLE signals are not as severely ef-
fected by environmental changes as the WLAN signals in terms of causing
a positioning error.

UWB

The UWB-IR technology proposed in Krishnan et al. (2007) takes advantage
of signals between 2.2 GHz - 6 GHz frequency range and utilizes the TAO
method. The time information is coded by introducing a constant delay
between two UWB pulses.

The constant signal stream from client is read by multiple receivers and
the position is computed on the server.

As UWB signals are in a frequency range with a lower bound similar
to the WLAN signals and higher bound at 6GHz they are effected by en-
vironmental changes in similar fashion or more severely then the WLAN
signals.

RFID

The proposed technique in Ozdenizci et al. (2011) enables devices with NFC
capability to compute their position by taking advantage of RFID tags de-
ployed in the environment. The location update is required to be invoked
manually through the operator.
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While this technique is the most reliable procedure in terms of precision
and processes position information faster then its alternatives utilizing the
QR code, it lacks automation of position update.

2.1.3 Performance of IPSs

The aforementioned technologies utilized in IPSs which can provide an ab-
solute position are inspected respective their deployment cost in terms of
number of required devices as infrastructure and maintenance requirement
at the highest precision & accuracy they can provide.

The maintenance requirement implies the necessity of signal maps’ adap-
tation to environmental changes and is dependent on whether the technol-
ogy utilizes signal strengths. Thus e.g. WLAN-TOA does not require main-
tenance of the initially created signal map.

As stated in Lee, Su, and Shen (2007) WLAN transmitters have a nomi-
nal range up to 100m while BLE and UWB transmitters are limited to a ten
meter range.

The in Golden and Bateman (2007) proposed application of the TOA
technique on WLAN signals claims to have a precision better then 5.5m
in an environment where five WLAN signals are utilized to calculate the
position. The WLAN Fingerprinting technique proposed in Hansen et al.
(2010) claims to have a two meter precision when there are seven WLAN
signals from access points utilized to calculate the position. As stated in
Hansen et al. (2010) the WLAN-FP requires recalculation of fingerprints for
adaptation to changes in the environment.

The in Krishnan et al. (2007) proposed method based on UWB is claimed
to have a precision of 15cm when the client signal can be read by eight
receivers.

According to Faragher and Harle (2014) the BLE technology can pro-
vide a precision of three centimeter with 95% accuracy provided there are
around six or eight BLE signals utilized to calculate the position. As BLE
beacons are battery powered they are required to be resupplied with bat-
tery.

The WLAN-FP and BLE technologies are designated as subject to main-
tenance due to aforementioned reasons. Although the technologies WLAN-
TOA and UWB utilize signals in the same frequency range like WLAN-
FP and BLE, there are no indications on maintenance requirement of these
technologies in respective papers advertising techniques for indoor posi-
tioning.

The performance of each technology is shown in Table 2.1 respective
the information retrieved from the proceedings referenced in this study.
Amount of deployed devices providing best positioning results is given for
most of the technologies as 8 devices.
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TABLE 2.1: Comparison of technologies utilized in IPSs ca-
pable of providing the absolute position.

Technology Deployment Cost Maintenance Req. Precision Accuracy
WLAN-TOA 5 no 5.5 m NA
WLAN-FP 7 yes 2 m NA
BLE 8 yes 0.03 m 95%
UWB 8 no 0.15 m NA
RFID 1 no 0.01m 100%

It is important to note that the comparison conducted in this table is
based on the cited research papers in this study and thus it is subject to
limitations such as effects of the hardware and influence of the test envi-
ronment. Detailed and scientifically correct comparison can only be con-
ducted when the proposed algorithms and technologies are tested in the
same physical environment with priorly determined hardware specifica-
tions. Such a comparison has been made in Lymberopoulos et al. (2015)
based on data generated during the Microsoft Indoor Localization Compe-
tition in 2014.

2.2 Location-based Services

In Schiller and Voisard (2004) Location-based Services are defined as inte-
gration of spatial information with conventional characteristics of services.
The most critical attributes of these services are designated as personaliza-
tion, universality and context-awareness.

In both Küpper (2007) and Lin and Nikita (2011) these services are di-
vided into categories as ’Reactive’ and ’Proactive’ services. Within the frame-
work of this study Location-based services are discussed according to the
proposed business applications in Küpper (2007) due to the generic de-
scription of the Location-based services which can also be easily associated
with respective definitions made in Schiller and Voisard (2004) and Lin and
Nikita (2011). These business applications are associated in this study to
one of the two categories respective their service type.

Each service is discussed in regard of its applicability as an Indoor Location-
based Service at the university environment respective of its requirements
such as accuracy, ubiquity and interoperability. In Table 2.2 Location-based
Services listed in Küpper (2007) (left) are associated to services listed in
Schiller and Voisard (2004) and their accuracy levels as requirement.

Although the association in Table 2.2 is about outdoor Location-based
Services and does not reflect any numeric information regarding the pre-
cision and accuracy, it provides a comparative overview on the accuracy
requirement of different services.

Furthermore the actors taking part at Location-based Services are exam-
ined as they are critical to create a system which is sustainable. To provide
uniformity in the terminology, services described in this study are named
identical to Küpper (2007).
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TABLE 2.2: Association of Location-based services and their
accuracy requirement.

Service Associated Service Accuracy
Inquiry and Information Systems Point of Interest Medium to High
Community Child Tracking Medium to High
Traffic Telemetrics Personal Navigation High
Fleet Management and Logistics Fleet Management Low
Mobile Marketing Local Advertisement Medium to High
Mobile Gaming Gaming Medium
Value Added Location-Sensitive Billing Medium to Low
Emergency Emergency High
Toll Systems Electronic Toll Collection Medium to High

2.2.1 Reactive

Reactive i.e. Pull services are described in Küpper (2007) as services which
are user-activated only and provide information with context associated to
user’s spatial data.

Reactive services are basically context aware responses to search in-
quiries. The location context can be provided by user manually or retrieved
automatically through the device from which the inquiry is conducted.

Inquiry and Information Systems

The Inquiry and Information Systems implies the most basic version of
Location-based Services where user invokes an information request and re-
ceives the requested information in context of user’s location.

This service can provide users at the university environment to inform
them about their next to-go locations such as a seminar room or a meeting
in that building. Users can also retrieve information on services provided
by the building such as the opening hours of the library.

Community Services

Community Services implies the location inquiry on users invoked by an-
other user. These services provide interaction between users based on their
whereabouts.

The Community Service can allow users at the university to share their
location with each other to make meetings on short notice easier by simpli-
fying locating team members.

Traffic Telemetrics

The service Traffic Telemetrics provide users beside navigational assistance
information on facilities close-by the target location.

This service can be utilized at the university environment by providing
users with information such as where the nearest ATM or Coffee/Snack
vending machine is. The service can also supply users with indoor naviga-
tion assistance.
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Mobile Gaming

Mobile Gaming services allows users a level of augmented reality by en-
abling them to utilize their physical position as an input in a virtual game
environment.

Mobile Gaming can be utilized at the university environment to fa-
miliarize freshmen with university infrastructure and to get to know each
other. This service can also be utilized to create AI assisted guided tours for
visitors.

Emergency

Emergency service informs the priorly set person or institution about the
incident by providing them information on the invoking person and on the
location of the incident.

This service can increase efficiency of medical and security personnel by
enabling users to reach them not only faster but also by providing critical
information simultaneously with both on-site and off-site (e.g. monitoring)
team.

2.2.2 Proactive

Proactive i.e. Push services are described in Schiller and Voisard (2004) as
services which imply that users receive messages based on their spatiotem-
poral activity.

Unlike Reactive services the Proactive services do require continuous
tracking of user behavior. User’s behavior is then analyzed in a certain
frequency for a predetermined pattern or attribute value and the service
provider reacts respective the outcome of this analysis.

Fleet Management and Logistics

Fleet Management and Logistics implies on the location information pro-
vided by devices upon position inquiry invoked by a user manually or in
constant frequency by a tracking system.

Through the logistics service the departments of the university respon-
sible for resupply tasks of automats can increase their efficiency by utilizing
’Internet of Things’ technology.

Mobile Marketing

Mobile Marketing services send users information on products or services
offered by the infrastructure the user is visiting at the moment or a close-by
facility to the current position of the user.

This service can be utilized to inform users about ongoing events or
new services at the building they are currently visiting. The service can
personalize messages not only based on user profiles but also user behav-
ior pattern so that e.g. a user spending most of the time in the library will
be informed about new subscriptions and services the library offers. Fur-
thermore information on users can be utilized to adjust digital billboards
respective the common attributes of the user group standing close-by to the
billboard. This allows personalization of advertisement in public spaces
without jeopardizing single users privacy.
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Toll Systems

Toll Systems provide automation of billing process which occur when a
certain infrastructure is used.

The university can utilize this service by providing information on free
capacity at various facilities such as free seats at libraries. The university
can also take advantage of this service for checking attendance of students
to classes.

Value added

Value added services provide price diversity for billing of services depend-
ing on the location the service is consumed from.

Value added services can be introduced by the university as a regulator
for connection speed prioritizing transmissions of university students in
comparison to transmissions made by third party users such as guest stu-
dents or visitors. The regulation can be implemented also at faculty level
so that students of a faculty will have prioritized transmissions when con-
nected inside the infrastructure of their own faculty.

2.2.3 Actors

The Location-based Services are designated in Küpper (2007) as an institu-
tional entity at which multiple actors take part in operational or nonopera-
tional roles. Whereas operational roles do actively participate at Location-
based Services as location- and content- provider or user, nonoperational
roles have an influence on technological and regulatory level.

In Fig. 2.6 the operational and nonoperational actors of the proposed
Location-based Service implementation in this study are illustrated in a
similar fashion to Küpper (2007) and discussed in the context of the uni-
versity environment.

Nonoperational roles consists of ’Finance’, ’Research and development’,
’Regulatory bodies’ and ’Community’.

The actor ’Finance’ represents commercial partners which have an in-
terest in utilization of LBS or profit from it as a side effect. This role can be
filled by the financial department of the university or a third party which
has a financial relationship with the university e.g. companies supplying
the university with Coffee/Snack vending machines or other products to
be consumed by students visiting the university’s premises.

’Research and Development’ represents the actors who profit from LBS
in terms of having a test ground for LBS architecture, performance evalu-
ation of different algorithms and means for data collection on which busi-
ness intelligence techniques can be applied. This allows to identify corre-
lations between user profiles and user behavior to determine e.g. student
performance and utilization of the library. The actors of ’Research and De-
velopment’ may be stakeholders of a department of the university such as
lecturers or employees conducting evaluations on utilization of university
premises and services.

’Regulatory bodies’ affect LBS to assure its compatibility with the ju-
risdiction which the university is subject to. This role can be filled by the
university Information Technologies department which is also responsible
to issue privacy policies and check the services conformity to them.
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FIGURE 2.6: Actors of Location-based Services with oper-
ational roles designated by arrows ending with an empty

triangle.

’Community’ affects the usage of LBS based on its members perception
of personalized services. Community members’ perception of tools such
as smart-phones enabling personalized online services influence the likeli-
hood the LBS services to be employed on a daily basis by the community.

Operational roles consist of ’LBS user’, ’LBS provider’, ’Content provider’,
’Location provider’, ’Communications provider’ and ’Technology’.

’LBS user’ is the member of the aforementioned ’Community’ which
employs LBS. This role is filled by students, lecturers and visitors of the
university.

The actor ’LBS provider’ carries out the main responsibility for running
and maintaining the LBS. This role can be filled by one of the university’s
governmental bodies such as the Faculty of Computer Science.

’Content provider’ implies stakeholders of the LBS which are responsi-
ble for creating and updating content of services. The role ’Content provider’
can be filled by lecturers and tutors of the university as well as the depart-
ment of public relationship.
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The actor ’Location provider’ enables positioning data as context for
’Content provider’s entries. This role can be filled by a commercial/non-
profit institution offering an API for indoor positioning or by an university-
internally developed system which provides the positioning feature.

The role ’Communication provider’ implies operators responsible for
the communication between ’LBS user’ and ’Content provider’. This role is
filled not only by e.g. network operators but also by companies providing
technologies which are utilized to communication such as the Cloud Mes-
saging service offered by Google Inc. as stated in Cloud Messaging (2016).

’Technology’ represents the level of compatibility of delivered services
to ’LBS user’ devices. This role contains attributes on the operating system,
software and protocols on which the LBS is transmitted.
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3 WLAN Fingerprinting based on RSSI

The WLAN (i.e. WiFi) Fingerprinting is a technique utilizing dead-reckoning
of WLAN signal strengths in areas from which the so called signal map is
generated. Positioning is then conducted based on the comparison of mea-
sured signal strengths in the environment with those from the previously
created signal map. The current location is determined as the area on the
signal map which has the highest similarity of signal strengths to the mea-
sured signals.

As stated in Costilla-Reyes and Namuduri (2014) there are two phases
of WLAN Fingerprinting;

1. Offline Phase (i.e. Calibration Phase)

In the Offline Phase dead-reckoning is conducted in the areas which
are to be included in the signal map. A signal map M may consist of
one or more Fingerprints.

M = {f1, ..., fn} (3.1)

Each Fingerprint F embodies a location L, measured signals S (i.e.
MAC Address of the access point from which the signal originates)
and their signal strengths R.

F = {L, S = {s1, .., sn}, R} (3.2)

Costilla-Reyes and Namuduri (2014) proposes three approaches for
selecting signals to be discarded during compilation of a Fingerprint;
“InfoGain, RandMean, MaxMean”. The InfoGain procedure is about
determining the most influential signals for positioning by using de-
scriptive statistics. The RadMean procedure conducts the signal se-
lection randomly and the MaxMean procedure allows only signals to
be selected whose signal strengths are above a manually determined
threshold.

The approach for selecting irrelevant signals is made respective the
occurrence frequency of these signals in scan results conducted at the
same location.

As signal measurement results vary for the same location in each scan
instance multiple measurements are required to prevent calibration
errors.

Unlike the signal strength representation in Costilla-Reyes and Na-
muduri (2014) and Hansen et al. (2010) with a single value, signal
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strengths in Fingerprints of the proposed algorithm in this study con-
sists of two values standing for the minimum and maximum signal
strengths.

R = {(rmin1 , rmax1), .., (rminn , rmaxn)} (3.3)

Location L is composed of location’s 3-D coordinates and its geo-
graphical position G.

L = {x, y, z,G} (3.4)

The x, y denotes location’s coordinates on the floor map of the build-
ing while z represents the floor on which the location stands. The ge-
ographical position is given in Fingerprints of this study as building
address. Although the geographical position is admittedly irrelevant
for indoor positioning it is utilized in this study as an indicator for the
correct association of floor maps.

2. Online Phase (i.e. Positioning Phase)

The Online Phase is the stage where indoor positioning is carried out.
In this phase a signal measurement is conducted. Through compar-
ison of signals and their strengths with Fingerprints the position is
estimated.

The reason why this phase is called “online” is mainly because of
the requirement for distribution of Fingerprints from a central source.
Depending on the architecture of the positioning system the position-
ing of a client can be conducted on the server as proposed in Bolliger
(2008) or on the client devices as proposed in Costilla-Reyes and Na-
muduri (2014).

3.1 Related Work

The algorithm proposed in this study is inspired by Hansen et al. (2010)
which addresses the challenge in utilization of unreliable WLAN signals
with an algorithm capable of dynamically adjusting itself to environmental
changes and providing a robust positioning performance.

The algorithm introduced in Hansen et al. (2010) relies on user contribu-
tion conducted manually to adjust existing Fingerprints and to add Finger-
prints for new locations to the database. To prevent wrongful Fingerprint
entry by users the algorithm enforces a two meter distance between Finger-
prints. As optimal range between two WLAN Fingerprints the distance of
three meter is suggested in Elnahrawy, Li, and Martin (2004).

King, Haenselmann, and Effelsberg (2007) suggest the minimum num-
ber of scans for a Fingerprint to be 20. The algorithm proposed in Hansen
et al. (2010) does not enforce any scan amount threshold due to its design.

The Fingerprints consist of a single value defining the signal strengths
so that evaluation is conducted through computation of Euclidean distance
between calculated and actual positions.
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The proposed algorithm has two modes; Integral Tree and Cluster. The
Integral Tree utilizes Fingerprints with time stamps for adjusting itself to
environmental changes. The Cluster disregards time stamps and utilizes
multiple Fingerprints to compile a single Fingerprint for each location. Fur-
thermore two other methods have been evaluated in Hansen et al. (2010);
base-single and base-collect. The base-single method is described as cre-
ation of a Fingerprint for a location from one scan result, whereas the base-
collect methods compiles the Fingerprint from multiple scan results.

3.2 The Algorithm

The self-adapting dynamic indoor positioning algorithm proposed in this
study is an approach for the Calibration Phase of WLAN Fingerprinting
which automatizes the maintenance of Fingerprints and enables the adapta-
tion of Fingerprints to environmental changes continuously during its run-
time.

The algorithm proposed in this study differs from the proposed algo-
rithm in Hansen et al. (2010) in 4 aspects:

• The user contribution is not manually invoked. Instead it is collected
automatically. The mobile application determines through accelero-
meter sensor whether the user is in move so that no textual warning
is required informing the user to stand still. The user contribution is
limited to areas with an existing Fingerprint. New Fingerprints are
created in a similar fashion to user contribution, but this time the con-
tribution is required to be invoked manually. For creating new Fin-
gerprints a separate mobile application is present which is available
only to personnel responsible for the Administration of the system.

• The proposed algorithm in this study allows for the minimum scan
amount, required for the creation of Fingerprints, to be enforced.

• The Fingerprints in this study do not have a time stamp. They in-
clude however two values to define minimum and maximum signal
strengths received from an access point.

• The proposed algorithm is a variation of the base-collect method. An
artificial imprecision is introduced to signal strengths during the last
phase of the algorithm described in the sub process "Adjust through
Simulation".

The algorithm proposed in this study utilizes "Scan Amount", "Simu-
lation Range", "Occurrence Threshold" and "Time Interval" information for
regenerating and adjusting Fingerprints.

Furthermore through decreasing the "Time Interval" and increasing the
"Scan Amount" it is possible to change the dynamics of the algorithm so
that it works in an "adjust only" mode, where the Fingerprints return to
their original state at the end of the day. The changes imposed during the
day through e.g. human presence are in this case volatile. This mode does
not allow for compilation of new Fingerprints.
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The proposed algorithm illustrated as a process in Fig. 3.1 starts with
retrieval of the aforementioned operation critical values. Signals (here i.e.
scans as each scan contains signals marked with same time stamp) recorded
between current time and the given "Time Interval" value subtracted from
current time are copied into a temporary table in a database. Only these sig-
nals are considered relevant for further steps of the algorithm. The relevant
signals are processed ordered by the building code they belong to.

Read "Scan Amount", 
"Simulation Range", 

"Occurrence Threshold" 
and "Time Interval"

Select all signals 
between now and 

"Time Interval"

Designate number 
of buildings the

scans were recorded

For each building;

Process
Signals

FIGURE 3.1: WLAN Fingerprinting Algorithm as a Process.

The signals of each building are processed respective to the location at
which they were recorded. The sub process ends with generation of Finger-
prints as illustrated in Fig. 3.2.

Select all scans
at the building

Designate number 
of locations

For each location;

Generate
Fingerprints

FIGURE 3.2: Sub Process: "Process Signals".

The Fingerprint generation for a location as illustrated in Fig. 3.3 starts
with a data cleaning operation which eliminates signals occurring in too
few scan results recorded at that location. If there are enough scans con-
ducted at the location a new Fingerprint is generated and adjusted. How-
ever if there are not enough scans belonging to that location the existence of
the Fingerprint for that location is inquired. If there is a Fingerprint present
it is treated the same as a new Fingerprint and adjusted. In the absence
of an existing Fingerprint and too few scans conducted at that location no
further step is undertaken and the process ends.
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Select all scans
at the location

Discard signals
in scans with an
occurance rate
lower then the 

"Occurance Threshold"

Number 
of Scans exceeds
"Scan Amount"

Fingerprint
exists

Update Existing 
Fingerprint

Create New 
Fingerprint

Adjust through
Simulation

Adjust through
Simulation

yes

no

yes

no

FIGURE 3.3: Sub Process: "Generate Fingerprints".

The sub process "Adjust through Simulation" illustrated in Fig. 3.4 em-
bodies the operations which introduce a level of imprecision to the recorded
signal strengths. The "Simulation Range" decides the number of variance
combinations to be tested during simulation for all existing Fingerprints.
Each signal recorded through multiple scans includes a maximum and a
minimum signal strength value.

Increase maximum 
signal strength and
decrease minimum

signal strenth within
"Simulation Range"

Determine values of
the combination with 
highest success rate

for correct positining

FIGURE 3.4: Sub Process: "Adjust through Simulation".

These values are then artificially altered during the simulation to study
the effects of enforced signal strength imprecision on accurate positioning.
When a value combination for imprecision is detected which delivers a
higher success rate, these values will be added/subtracted from measured
maximum and minimum values and recorded as a part of the Fingerprint.

In Fig. 3.5 an arbitrary Fingerprint is illustrated which consists of three
signals originating from access point 1, 2 and 3. The Grey colored sector
stands for the measured signal strength range consisting of a minimum
and a maximum signal strength, while m stands for median of measured
signal strengths. The marking c represents measured signal strengths dur-
ing a positioning instance by a client device. As only the cAP#1 lies in the
Grey sector this Fingerprint will get only one point. If there are no other
Fingerprints with a higher point (i.e. hit amount) the current Fingerprint’s
location will be determined as users position, else the Fingerprint with the
highest hit amount will be selected. As the sub process "Adjust through



24 Chapter 3. WLAN Fingerprinting based on RSSI

AP#10 AP#2 AP#3

mAP#1

mAP#2

mAP#3cAP#1

cAP#2

cAP#3

FIGURE 3.5: Visualization of a Fingerprint’s structure at an
arbitrary location with x-axis representing access points, y-

axis representing the signal strength.

Simulation" introduces an artificial imprecision illustrated in Blue color, the
same Fingerprint has now three measurement points marked with c in the
signal strength range of its access points, thus it has now a hit amount of
three.

In the Positioning Phase the client conducts WLAN signal strength mea-
surements and compares the result with access point MAC addresses and
the associated maximum and minimum signal strengths from the respec-
tive Fingerprint of each location in the signal map. Each location is eval-
uated in a way that it receives one point for each signal measured within
the maximum minimum signal range from the Fingerprint of that location.
Once all locations are evaluated the location with the highest points is des-
ignated as current location of the client.

It is important to note that algorithms e.g. proposed in Dornbusch and
Zündt (2005) employing Fingerprints, where each signal strength is repre-
sented with a single value, utilize Euclidean distance for computation of the
level of similarities of Fingerprints with the signal scan conducted during
positioning phase. The Fingerprint structure utilized by these algorithms
proves to be not an optimal candidate for the adjustment conducted by the
algorithm of this study.

3.3 The Simulation

The main objective of the simulation program is to designate best dBm val-
ues for the introduced imprecision within the sub process "Adjust through
Simulation".
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Once the program is executed it calculates the optimal solution by test-
ing all possible combinations for the given "Simulation Range". In Fig. 3.6
is an example output retrieved during one of these calculations. At the end
of each run-time it prints the achieved success rate in %.

FIGURE 3.6: Screenshot of the terminal output during run-
time.

The simulation program in this study is also applied with different set-
tings to determine best values for "Occurrence Threshold" and "Simulation
Range", which are to be provided manually by the Administrator before the
program is executed.

The Fingerprint adaptation code is implemented by using a static and
a dynamic variance for appliance of further imprecision. Unlike the dy-
namic variance the static variance method applies one value to be added
to maximum signal level and subtracted from minimum signal level for all
Fingerprints belonging to the same building. This is also the reason for in-
troduction of a building prefix in names of Fingerprints which is obsolete
when dynamic variance method is utilized for Fingerprint regeneration and
adjustment. The aim in utilizing static variance is to determine the impreci-
sion range (i.e. "Simulation Range") with the highest success rate which is
to be used in the dynamic variance method.

Figure 3.7 shows the graph of success rate for the appliance of a static
variance. The maximum success rate of 63% has been reached at a variance
value of three, while the initial rate for variance value 0 is 58%.
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FIGURE 3.7: Artificial fingerprint imprecision with a static
variance and maximum success rate as 63%.

The calculation for ten variances has taken 64712 ms (~1 min) on a 2.4
GHz processor for 26 locations and ten scan results for each location.
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As shown on Figure 3.7 the success rate stays constant between five
and six and drops steeply after a variance of six. Thus the value five is
determined as the optimal value for "Simulation Range".

Figure 3.8 shows the graph for appliance of Fingerprint imprecision
with a dynamic variance and different occurrence thresholds for a set of
measurements with mobile access points present in the environment hav-
ing a negative impact on the integrity of collected data.
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FIGURE 3.8: Artificial Fingerprint imprecision with a dy-
namic variance and maximum success rate as 95% for dif-

ferent occurrence thresholds.

The success has increased from initial 61% for an occurrence threshold
of 1% to 95% for an occurrence threshold of 25%. Thus the value 25% is
determined as optimal for "Occurrence Threshold". The graph in Fig. 3.8
illustrates the potential negative impact of mobile access points on the suc-
cess rate. It also shows that the dynamic variance method has a similar
performance to the static variance method.

The calculation for five variances has taken 624088 ms (~10 minutes) on
a 2.4 GHz processor for 26 locations and ten scans for each location.

Although the dynamic variable increases the positioning accuracy for
32% it does require approximately ten times longer run-time duration than
the static variable.

3.4 Limitations

As the technology utilized for indoor positioning is WLAN (i.e. WiFi) Fin-
gerprinting it is by nature subject to all limitations which apply for posi-
tioning conducted with WLAN signals. The algorithm introduced in this
study is able to overcome these general limitations. It does however have
its own shortcomings.

The proposed algorithm contains mainly two limitations, i.e. on the
adaption to environmental changes and on outlier detection.

As the algorithm utilizes users’ devices to collect sample scan results, it
requires a minimum amount of sample scan results sent from each mapped
location independently from whether the samples are sent by a single user
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or multiple users. The minimum amount mentioned here refers to the value
of the "Scan Amount" variable.

The algorithms’ limitation on outlier detection is its lack of capability to
detect anomalies in the signal strengths. The application is able to detect
anomalies by classifying signals as valid or invalid based on the frequency
of their occurrence in measurements conducted at the same location. How-
ever it has no tools to expose Fingerprints originating from the same loca-
tion which have different signal strength values.

Tests conducted during this study revealed that signal measurements
conducted with tablet devices i.e. E8712 (2013) and smart-phone devices
i.e. E9384 (2014) differentiate in measured signal strengths for the same lo-
cation. The algorithm does not have any means to either differentiate Fin-
gerprints for devices of both type or to generate two types of Fingerprints
each suitable for a specific type of device.

All measurements in this study for creating the Fingerprints and evalu-
ating their accuracy have been made with a smart-phone device i.e. E9384
(2014).
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4 Design of Indoor Location-based Services

This chapter examines location-based services in terms of their suitability
to be utilized at the university environment. It also discusses the perception
of the services by users.

Junglas and Watson (2008) conducted a survey about the perception of
users on usefulness and ease-of-use of LBS as a part of their research, where
users were given three tasks. The first task was a location tracking task such
as finding a person. The second task was about a location-aware task such
as finding the closest infrastructure providing a specific service. The third
task involved an information inquiry without a location component.

The radar plot in Fig. 4.1 derived from the data of that survey illus-
trates changes in user’s perception when equipped with a LBS to complete
the given task. The positive change in perception is highest when tracking
mobile objects such as other users. The positive change (i.e. ∆) in percep-
tion on location-aware tasks is similar to location tracking. The perception
change on LBS is negative for tasks which do not have a location compo-
nent.

Location tracking

Location−aware task

No Location

−3 −2 −1 0 1 2 3

FIGURE 4.1: ∆ Perception of users on usefulness and ease-
of-use of LBS for 3 different tasks (Evaluation schema; -3:

strongly disagree, 3: strongly agree).
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Based on Junglas and Watson (2008) the service "Inquiry and Informa-
tion Systems" has been designated as not critical for implementation as
the change of users’ perception on this service is negative thus making the
utilization of LBS superfluous. Services such as "Mobile Gaming", "Emer-
gency", "Value Added" and "Fleet Management and Logistics" require by
their nature a high level cooperation of the "LBS Provider" (here: govern-
ing bodies of respective departments at the University of Vienna) for imple-
mentation. As such a cooperation was neither existing nor asked for during
the completion of this study these services have also been designated as not
critical for implementation.

4.1 Features for LBS User

"Community Service" and "Traffic Telemetrics" are the features for LBS User
considered as feasible for implementation based on the Fig. 4.1. Both fea-
tures are adapted to the university environment while keeping in mind that
they will be utilized by students, lecturers and visitors of the university.

4.1.1 Community Services

The Community Service feature allows users to share their indoor posi-
tion with other users. Only users, that are friends with each other in the
database, can use this service as the location sharing can only be conducted
in case a user sends a friendship request to another user and the recipient
user approves this request. It is further required that the user sending a
friendship request knows the user account name of the recipient user as
there is no possibility for users to view the list of registered users in the
database. All users willing to benefit from this service are required to reg-
ister to become eligible for sending and receiving friendship requests. The
registration can only be conducted on a user’s Android device and consists
of pairing a user’s device with the user’s account credentials which are pro-
vided to all users affiliated with the university by the universities computer
center.

4.1.2 Traffic Telemetrics

The Traffic Telemetrics feature decided for implementation has additional
limitations to this services original description as the implementation in this
study lacks any navigational assistance and location-aware inquiry. The im-
plementation of Traffic Telemetrics consists only of a visual representation
of the floor map the user is located on. This way the feature provides addi-
tional information with a location context to the user.
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4.2 Features for Research and Development

The service "Toll Systems" is viewed as feasible for Research and Develop-
ment and will be implemented as a part of this study. The feature is adapted
to the university environment with respective constraints on the inquiry of
users’ position information to provide a privacy friendly system.

4.2.1 Toll Systems

The Toll Systems service consists of two parts,i.e. location tracking of users
and analytics.

The location tracking is combined with the location history feature to be
used as an automated attendance tracker. This feature, which provides real
time position of students, allows lecturers to check the attendance on-site
and add students who e.g. do not have enough battery to use their smart
phone manually to the attendance list. The location history feature allows
lecturers to check attendance of students during the semester.

The analytics feature takes advantage of the location history of users to
visualize area utilization in terms of population and duration. It also creates
heat maps to portray comparative utilization of areas by users and to depict
user groups with similar spatio-temporal behavior.

4.3 Features for Content Provider

Content Providers are enabled with the "Mobile Marketing" service which
is a location-aware messaging feature. This feature can be operated by lec-
turers or student assistants to forward critical information such as exam
locations and information on short notice such as room changes to students
with a location context.

4.3.1 Mobile Marketing

The Mobile Marketing feature, which is primarily a tool for instantaneous
notification of LBS users, can be operated also by a machine (i.e. software)
besides university employees. The notification feature creates messages
which are delivered to its recipients only when they are located at a prede-
termined position in the building in the predetermined time interval. The
feature, when operated by a machine, can be utilized to send automatized
notifications e.g. informing visitors on closing time of the library and urg-
ing them to leave.
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5 Implementation of the Server-side Appli-
cation

This chapter presents the architecture of the system implemented in this
study. It also embodies web services and the database design which con-
structs the backbone of the indoor location-based services.

The objectives of this study are: (1) to create a design which supports the
implementation of the indoor location-aware services and (2) to provide a
generic environment allowing components of the system to have minimal
coupling and thus to be able to function as a distributed system.

5.1 Architecture

The proposed system as illustrated in Fig. 5.10 consists of seven compo-
nents. Each component except "Rserve" communicates directly with the
Database component.

The component "Rclient" is executed on system boot and runs in a loop
in the background. Unlike other components "Rclient" does not allow users
to make changes in its behavior during run-time such as e.g. changing its
loop frequency which by default is set to five minutes.

At each loop "Rclient" reads information on all users and how much
time they spent at all locations from the "EndUserLog" table of the database
through JDBC. The query "UserLocationData" read by "Rclient" looks e.g.
as shown in Fig. 5.1. "Rclient" calculates how many location updates have
been made by each user at each location and writes the results into a CSV
file.

FIGURE 5.1: Screenshot of "UserLocationData" read from
database by "Rclient".

The generated CSV data from the query result looks like as shown in
Fig. 5.2 and is saved in a respective file, which is located in a File System
in which the CSV file is locally accessible to "Rserve". Thus the CSV file is
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required to be on the same machine as "Rserve" is running on. This location
is set as /home/administrator in the implementation within this study.

FIGURE 5.2: Screenshot of "UserLocationData" read from
the database, interpreted and converted into a CSV file.

Once the respective CSV file(s) are generated "Rclient" communicates
with "Rserve" over a Telnet connection prompting it to execute "Rscript"
commands shown in Listing 5.1 for creating the visual representation of the
data in the CSV files.

1 mydata <− read . table ( " / home / adminis t ra tor / Heatmap . csv "
, header=TRUE, sep=" , " )

2 mtscaled <− as . matrix ( s c a l e ( mydata ) )
3 t r y ( jpeg ( " t e s t . jpg " , width =1200 , height =1200) )
4 mtscaled = mtscaled [ rowSums ( ! i s . na ( mtscaled ) ) ! =0 ,

colSums ( ! i s . na ( mtscaled ) ) ! =0]
5 heatmap ( mtscaled , Colv=F , s c a l e = ’ none ’ , margins = c

( 2 0 , 20) )
6 dev . off ( )

LISTING 5.1: Rscript sent from Rclient to Rserve over Telnet
connection

After "Rserve" receives the commands it loads the content of the CSV
files into its memory and generates the respective image data and sends
them to "Rclient" over the Telnet connection.

The final task of "Rclient" is to generate the image from the respective
image data and save it into the predetermined system folder, which is the
folder where the website is located on the server. This folder is located on
this implementations server in /var/www/html.

The component "GcmMessenger" program is executed on system boot
and runs in a loop. Its behavior can be manipulated during its run-time
through the "AdministrationPanel" component by changing respective val-
ues in the Database.

The frequency of the "GcmMessenger" component is specified in the
database, e.g. 2000 milliseconds. At the end of each loop it creates a new
Thread to review and edits the content of Message and Association tables
in the database as shown in Figure 5.3.
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FIGURE 5.3: Screenshot of "GcmMessenger" program’s
code creating a new Thread at each loop.

When a new Message for delivery is detected, which has in the field
message_status_all the value pending as shown in Fig. 5.4, the "GcmMes-
senger" forwards the message to its recipient (i.e. Client component) listed
in Association table through Google Cloud Messaging Connection Server.
It edits the Messaging Data in the Database component with an indicator
that it has been processed, i.e. by changing the message_status_all
field in Messages table to sent. To assure that sent messages reach recipi-
ents with a delay no longer then three seconds once the message has been
forwarded "GcmMessenger" is set to forward at maximum 700 messages at
once. Remaining Messages are sent during the next loop.

FIGURE 5.4: Screenshot of a query from Message and As-
sociation tables showing every possible value for the fields

message_status and message_status_all.

The value pending means that the message was not delivered due to
the tracked user not being located at the target area in the given time inter-
val associated to that message. The value outdated means that the mes-
sage was not sent to all recipients and the end value of the time interval has
passed the current time, thus "GcmMessenger" will no longer try to send
this message to the remaining recipients. The value canceled means that
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the sending process has been manually terminated (i.e. canceled) and will
not proceed anymore in the future.

To enable transparency administrators are revoked from deleting mes-
sages. Each message is associated to an administrator and can be seen by
all administrators. Through the traceability feature of messages an envi-
ronment is created where administrators can police each other. The aim is
to deter administrators from misusing the system by sending users spam
messages.

The "AdministrationPanel" component utilizes the website where statis-
tical data on users can be visualized and features to manage the indoor posi-
tioning system can be accessed. It furthermore applies visual elements (i.e.
Heatmaps) provided by the "Rclient" component as image files and gener-
ates charts by reading location data of users and utilizing Google Charts
service. It can also edit the Fingerprinting Data and provide an interface
for the Client component to download floor maps of buildings for which
Fingerprints have been created as images. More information on this com-
ponent can be retrieved from Chapter 6.

The "FingerprintGenerator" component utilizes the Fingerprinting Data
on the Database and generates Fingerprints which it provides through HTTP
interface to the Client component. Note that the "FingerprintGenerator"
component mentioned here refers to the simulation program introduced in
Chapter 3 and implemented as WifiFingerprintGenerator.jarwhile
the Fingerprinting Data implies the values the simulation program requires
during its run-time and the information regarding association of floor map
images to Fingerprints as shown in Fig. 5.5. Fingerprints not associated to
any floor map in the Image table are automatically associated to a dummy
floor map image named someFloorMap.png and the location is marked
at the position P(0|0) pixels on this image file.

FIGURE 5.5: Screenshot of a query showing association of
image files and Fingerprints.

The code snippet in Fig. 5.6 reveals the main steps and the execution
order of the implementation according to the algorithm proposed in this
study. Note that the methods in lines 57 and 65 are replaced with the code
from lines 56 and 64 in the original program as these lines in the given code
snippet refer to methods written for testing with static data (i.e. signals).
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FIGURE 5.6: Screenshot from the code of the WifiFinger-
printGenerator program.

Once the simulation is completed and values delivering highest suc-
cess rates of locating sample scan results are determined the "Fingerprint-
Generator" component exports the Fingerprints in text and XML formats as
shown in Fig. 5.7. The Fingerprint file in text format is then downloaded
over HTTP by the Client component.

FIGURE 5.7: Screenshot of part of two Fingerprint files con-
taining a location in text and XML format.

The Client component implies the mobile device of the LBS User. It has
access to the Database for registration, updating its indoor position (i.e. lo-
cation), sending sample scan results and inquiring the location of another
user (i.e. Client component) marked as friend on the system. The registra-
tion is conducted through ZID of the university. More information on this
component can be retrieved from Chapter 7.
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The nature of indoor location-based services described in the context of
this study, which aim to provide a personal assistance to users, dictates that
each user and its spatio-temporal behavior is recorded to be utilized during
the execution of these services. Since the information on users stored on
the server is limited with their user IDs and indoor location data with a
time stamp the user data is considered as anonymous enough to prevent
any exposure of user privacy by conducting manual analysis on the stored
data.

The proposed system does not only protect user’s privacy by limita-
tion of user identification to the bare user ID, it also denies users any tools
for browsing the database for e.g. the friendship feature. Thus it makes
it mandatory for users to know each other personally and to ask for their
user IDs because a friendship request can only be received by a valid and
registered user. However systems of this nature are open for misuse regard-
ing being utilized as a monitoring tool. Thus a security analysis is strongly
encouraged before deployment.

5.1.1 Database

The Database consists of 15 tables as illustrated in Fig. 5.11 from which nine
tables are responsible for service realization while the remaining six tables
are responsible for the indoor positioning feature.

The tables for service realization are EndUser, LocalUser, EndUserLog,
Friend, Admin, Messages, Association and Gcm.

Each Client receives automatically a Google Push Identifier which is
stored in the EndUser table. If the Client initiates a registration after ap-
proval of its credentials by ZID its user name is paired with its previously
stored Google Push Identifier. In case the ZID does not approve the users
credentials the system checks whether they can be approved through the
LocalUser table where both user name and password are stored.

The EndUserLog table provides a history of locations the user has vis-
ited and Google Push Identifiers which were associated to the user.

The Friend table enables clients to befriend each other in order to share
their location with each other.

The Admin table contains a list of user names which if approved by
ZID can log into the "AdministrationPanel". An Admin can create Mes-
sages. The field password does not contain any passwords, instead it indi-
cates with its value whether the Admin is allowed to log in. As a misuse
prevention of the messaging feature no messages can be removed and each
Message is associated to an Admin.

A Message is addressed to one or more EndUsers.
The list of addressees is stored in Association table.
The data required by Google Cloud Messaging Connection Server for

delivery is stored in the Gcm table.
The tables related to the indoor positioning feature are Image, Scan-

Repository, Generator, scan, sc_mac_address, fingerprint and fp_mac_address.
The Generator table contains settings information of the "Fingerprint-

Generator", while the ScanRepository table contains all scan result samples
from which Fingerprints are generated.
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The scan and sc_mac_address tables provide a temporary container for
scan results from the ScanRepository table which are selected to be utilized
in Fingerprint creation.

The fingerprint and fp_mac_address tables contain fingerprints except
the dynamic variation data which is never stored in the Database but gen-
erated during the Fingerprinting process and made available to Clients in
text and XML format.

The Image table contains association of Fingerprints and images on the
server. This information is utilized at the last stage of the Fingerprint gen-
eration to provide Client devices with the list of images available and the
position of locations on these images.

5.1.2 Web Services

The interfaces have been provided with RESTful Web Services.
There are overall five web services which can be accessed through the

URL http://ilbs.cs.univie.ac.at/service/ as shown in Fig. 5.8.

FIGURE 5.8: Screenshot of the URL in browser containing
the list of RESTful Web Services.

These web services are not protected by any security measure e.g. HTTPS.
The main reason for the lack of this protection is that the user credentials
provided by the university are required to be entered only once during the
registration process.

The Google Push Messaging Identifier is utilized for unique identifi-
cation of users and for messaging purpose. As this identifier is not only
application specific but also volatile as it changes after each re-install of the
application. Furthermore as the system and its processes are isolated from
other university related processes, this identifier can not be used out of in-
tended purpose.

Although there is no implementation specifically designed to prevent
any misuse of the identifiers, the system provides logs which allows such
an extension to be build in the future.
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Community Services

There are three web services relevant for this feature; "update" (i.e. location
update), "register" and "inquiry".

The update service call requires Google Push Messaging Identifier (i.e.
end_user_regid), location and date information. The service call is con-
ducted as e.g.

http://ilbs.cs.univie.ac.at/service/update.php
?end_user_regid=STRING&end_user_location=STRING
&end_user_date=YYYY-MM-DD%20hh:mm:ss

The register service call requires Google Push Messaging Identifier (i.e.
end_user_regid), user account name and password. The call can be con-
ducted as e.g.

http://ilbs.cs.univie.ac.at/service/register.php
?end_user_regid=STRING&end_user_id2=STRING
&user_password=STRING

The inquiry service call requires operation name, Google Push Messag-
ing Identifier (i.e. end_user_regid) and for operations involving other users
the account name of the other user. The service call can be conducted as e.g.

http://ilbs.cs.univie.ac.at/service/inquiry.php
?operation=STRING&end_user_regid=STRING&end_user_id2=STRING

Valid operations of inquiry service are; "showFriendList", "addFriend",
"confirmFriend", "removeFriend" and "showPendingFriendList". An exam-
ple output for "showFriendList" operation looks as in Fig. 5.9.

FIGURE 5.9: Screenshot of the response for a
showFriendList operation in XML format.

Outputs for "confirmFriend", "removeFriend" and "addFriend" contain
a standard message regarding the executed operations outcome.

Traffic Telemetrics

The relevant web service for this feature is "collect". The service "collect"
is called from Client devices to send sample scan results which are to be
utilized by the "FingerprintGenerator", thus it supports the indoor position-
ing feature. This service call requires Google Push Messaging Identifier (i.e.
scan_end_user_regid), date, location and the scanned signals with each sig-
nal followed by its signal strength totaling maximum 100 signals and signal
strengths. The service call can be conducted as e.g.

http://ilbs.cs.univie.ac.at/service/collect.php
/scan_end_user_regid/scan_end_user_date/scan_end_user_location
/scan_mac_address/scan_strength/scan_mac_address/scan_strength
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Mobile Marketing

The relevant web service for this feature is "pushmsg" and requires message
content, server key and maximum 700 Google Push Messaging Identifier
(i.e. scan_end_user_regid). The service call can be conducted as e.g.

http://ilbs.cs.univie.ac.at/service/pushmsg.php
/message_content/server_key/end_user_regid/end_user_regid/

Toll Systems

The relevant web services for this feature are "update" (i.e. location update)
and "register". A record of locations visited by users is kept in Database in
the table "EndUserLog" from which desired information on attendees of a
room can be derived.

5.2 Implementation and Deployment

The web services are implemented in PHP and deployed on an Apache/2.4.7
(Ubuntu) server with php5-curl, php5-imap and php5-mysql enabled.
The code has been developed in NetBeans IDE.

The implementation can be found on the website http://ilbs.cs.univie.ac.at/
of this study and the related code is located in website project in the /service/
folder.
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FIGURE 5.10: Component Diagram of the Indoor LBS im-
plementation generated with the program "Software Ideas

Modeler by Dušan Rodina"
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FIGURE 5.11: ER Diagram of the Indoor LBS implementa-
tion’s database generated with the program "MySQL Work-

bench".
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6 Implementation of the Administration Panel
and Analytics

This chapter provides on overview on the implementation of the Adminis-
tration Panel and analytics. It is important to note that as template for the
implementation the design of the website https://cewebs.cs.univie.ac.at/
has been used.

6.1 Features for LBS Users

The only feature implemented for LBS Users is "Traffic Telemetrics" which
not only supports the indoor positioning algorithm running on Client de-
vices but also provides an interface to extend its positioning capability by
adding new locations to the system.

6.1.1 Traffic Telemetrics

The Traffic Telemetrics feature has been implemented on the "Settings &
More" page of the Administration Panel. The feature "Upload Images" -
allowing Admins to add new floor plans- as a part of Traffic Telemetrics
features is illustrated on the screen shot in Fig. 6.1.

FIGURE 6.1: Screenshot of the "Settings & More" page
showing "Upload Images" feature for Traffic Telemetrics im-

plementation.
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The other two features related to Traffic Telemetrics are "Fingerprint
Generator Images" (responsible for association of images and Fingerprints)
and "Fingerprint Generator Settings" (responsible for creation and update
of Fingerprints).

6.2 Features for Research and Development

The feature implemented for Research and Development is "Toll Systems"
with the aim to give its users the possibility to collect enough data on which
Business Intelligence methods can be applied in order to cover up correla-
tions in user behavior.

6.2.1 Toll Systems

The Toll Systems feature consists of two services, i.e. location tracker and
analytics. The aim of the Location tracker feature is providing an inter-
face for automated attendance tracking to classes. It provides the "Room
History" and the "Visitor History" features illustrated on the screen shot in
Fig. 6.2.

FIGURE 6.2: Screenshot of "Visitors" page showing two of
the location tracking features.

There are two analytics features to visualize users’ spatio-temporal be-
havior, i.e. area charts and heat map. The two area charts based on Google
Charts API visualize the daily room population e.g. as shown on Fig. 6.3
and time spent by a user in rooms (i.e. locations mapped by the indoor
positioning system).

The heat map visualizes through the R program the level of utilization
of each room by each user and clusters users with similar spatio-temporal
behavior. The more or longer a room is utilized the lighter is the box in
the intersection with the room’s name. The user who utilized it is marked
as shown on the screen shot in Fig. 6.4. Unlike the charts the heat map
visualizes only overall utilization and is updated at an hourly rate.
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FIGURE 6.3: Screenshot of the Daily Room Population
Chart visualizing the number of visitors at all locations in

different days.

6.3 Features for Content Provider

The feature implemented for Content Providers is the "Mobile Marketing"
service. The implementation on the Administration Panel consists of an
interface to manage and operate the "GcmMessenger" application running
on the server.

6.3.1 Mobile Marketing

The "Mobile Marketing" service which basically is a time and location trig-
gered messaging feature consists of two parts,i.e. "Google Cloud Messaging
Settings" implemented in the "Settings & More" page and "Send Message",
"Recipients" and "Messages" features implemented in the "Messages" page.
The "Send Message" feature is illustrated on the screen shot in Fig. 6.5.

6.4 Implementation of the Administration Panel

Besides the template specific elements e.g. images and CSS code acquired
from the website https://cewebs.cs.univie.ac.at
the implementation is made in HTML, PHP and JavaScript and follows
strictly the Model-View-Controller pattern. The credentials required for the
MySQL connection are stored in the file password.php which needs to be
edited manually to edit the MySQL user credentials. The credentials for a
root user is hard-coded in the /controller/login.php file. The code
has been developed in NetBeans IDE.
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FIGURE 6.4: Heatmap shown on the "Heatmap" page.

FIGURE 6.5: Screenshot of Messages page showing "Send
Messages" feature.
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7 Implementation of the Mobile Application

The mobile application is the "Client" component of the proposed architec-
ture. The implementation in this study has been made for Android devices
with API levels 14+ only and can be downloaded from Google Play Store
by searching for "IndoorLBS" application.

7.1 Features for LBS User

The features for LBS User in the mobile application defines the total interac-
tion a user can have through the graphical user interface of the application.
These features are "Community Services" and "Traffic Telemetrics".

It is important to note that although the messaging feature is to be con-
sumed by the LBS User it is associated with the Content Provider as it pro-
vides an interface for the Content Provider to interact with LBS Users.

7.1.1 Community Services

Community Services consist of registration and friendship features of the
mobile application.

The LBS User can access the registration feature directly from the main
layout as illustrated on the screen shot in Fig. 7.1.

FIGURE 7.1: Screenshot of the "Main Layout" (left) and the
"Registration" feature (right) from the Android mobile ap-

plication.
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After successful registration and getting approval of the other LBS User
which has been added as a friend the LBS User can now see indoor location
of the befriended user as shown in Fig. 7.2.

FIGURE 7.2: Screenshot of the "Add Friend" (left) and the
location sharing feature (right) from the Android mobile ap-

plication.

7.1.2 Traffic Telemetrics

Traffic Telemetrics feature provides LBS User with indoor positioning infor-
mation and with information on infrastructure located at the same floor as
the LBS User.

FIGURE 7.3: Screenshot of the "Location" (left) and "Mes-
sages" (right) feature from the Android mobile application.
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Once the location is calculated it is written on the screen and visually
represented on the floor map as illustrated on screen shot in Fig. 7.3 (left)
which also contains the information on infrastructure at that floor e.g. sem-
inar rooms and cafés.

7.2 Features for Research and Development

The feature implemented for Research and Development is the location
tracking function.

7.2.1 Toll Systems

The location tracking feature works basically as a beacon transferring its
location data every 15 seconds to the server.

There is the possibility that the implemented IPS may contain an error
regarding users calculated position, e.g. by showing the user in another
room close-by to its real indoor location. Users can add themselves as friend
on the system to see their last updated location on the server.

7.3 Features for Content Provider

The feature for Content Providers is implemented as a listener for incoming
Google Push Messages.

7.3.1 Mobile Marketing

Each message received from the system is shown with a notification once it
reaches the users mobile device. Messages are also automatically stored in
a local database of the users device so that they can be read at a later time
as illustrated on the screen shot in Fig.7.3 (right).

7.4 Implementation Notes

As stated in Delaney, Jayant, and Simunic (2003) WLAN access points when
idle send signals with 100 ms delay. Based on the number of utilized WLAN
channels which is given as 14, the scan time has been selected as 1500 ms to
assure that all signals from access points can be captured.

The location update occurs only at every 15 seconds to prevent exces-
sive battery usage. The scan speed is set to 1500 ms when the user utilizes
"Location" feature to see the own indoor position.

The application sends a sample scan result with its calculated location
to the server every 15 seconds provided its accelerometer reading indicates
that it is not moving and it is located in a mapped area.

The code has been adapted to this change in a way that it sends its lo-
cation to the server at a constant rate of every 15 seconds even when the
positioning frequency increases to 1.5 seconds while "Location" feature is
called by the user. The update speed is critical as it is utilized to compute
the time spent by the user in a room by counting the location updates the
user invoked from that room in a given time interval. The code shown in
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FIGURE 7.4: Screenshot of the code from ScanService.java
responsible for regulation of the Location Update Fre-

quency.

Fig. 7.4 reveals the try-catch block used to fix the update time to 15 sec-
onds. As the code here refers to an asynchronized method, the duration can
technically not be guaranteed to be exactly 15 seconds.

All location related data is processed in the application through session.
The SessionManager class is responsible for storing calculated location in-
formation, information on scan frequency and information on current time.
At the end of each hour the Fingerprints file is downloaded and image files
are checked to reveal if a new image file is required for one of the finger-
printed locations.

The code has been developed in Eclipse IDE.
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8 Extensibility and Interoperability

This chapter embodies information regarding implementation of a new func-
tionality with minimal changes in the code of the proposed system. It
also discusses possibilities for interoperability of other applications with
the current features offered by the implementation.

8.1 Extensibility

The proposed architecture is designed to be extended with minimal changes
in the code of the mobile application and the Administration Panel.

8.1.1 Mobile Application

New features can be implemented in the mobile application by editing the
menu item "Register" to provide the user with a detailed control panel for
the features planned to be implemented as shown in Fig. 8.1. This control
panel would indicate which other services the user prefers to register e.g.
virtual tour guide, virtual assistant or exam location reminder.

FIGURE 8.1: Screenshot of the Main layout containing a
ListView layout "Messages" and the Menu item "Register".
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Furthermore new services can be implemented as web applications and
linked to the existing ListView layout. These web applications can be called
within the Android application with the Google Notification Identifier.

8.1.2 LBS

The location-based Services can be extended with third party systems where
user spatio-temporal data can be linked to further user information an be
utilized to provide personalized assistance.

Any application deployed to extend LBS can send messages to LBS
users simply by calling the web service through /service/pushmsg.php
with the server key, message and a list of recipients’ Google Notification
Identifiers.

8.2 Interoperability

The Fingerprints generated by the indoor positioning algorithm are pro-
vided to LBS Users both in text and XML formats. Although the XML
format provides a ubiquitous parsing possibility the Android application
implemented within this study utilize the Fingerprints in text format. The
main reason for this is the overhead of XML files created by tags which in-
creases the file size that needs to be downloaded at an hourly basis. How-
ever Fingerprints provided in XML format allow the creation of a Finger-
print database compiled from multiple deployments of this system by dif-
ferent organizations with ease.



52

9 Evaluation

In this chapter the level of accuracy which can be achieved with the pro-
posed indoor positioning algorithm based on WLAN (i.e. WiFi) Finger-
printing has been evaluated in order to prove that the achieved level of
accuracy is sufficient for the realization of indoor location-based services.

9.1 Evaluation Criteria

The evaluation of the proposed system comprises three aspects (i.e. crite-
ria):

• the effectiveness of the indoor positioning algorithm,

• the effectiveness of the implemented location-based services

• the perception of "LBS Users" and "Content Providers" as well as "Re-
search and Development" actors in regard to the usefulness of the im-
plemented indoor location-based services.

At first, the effectiveness of the indoor positioning algorithm was eval-
uated conducting an on-site test. The aim of the test was to assess whether
the "Location" feature of the developed "Mobile Application" could locate
the user inside a building of the University of Vienna. The data collected
from the on-site test has been re-evaluated through the simulation program
written within this study.

Secondly, the effectiveness of the implemented location-based services
have been tested through the implemented "Administration Panel" and the
"Mobile Application". Both of these evaluations have been conducted as
functional tests with an evolutionary testing technique which was executed
manually.

Lastly, the perception of "LBS User"s and "Content Provider"s & "Re-
search and Development" actors was evaluated using two specially de-
signed surveys allowing them to reflect their thoughts on respective ser-
vices. Students currently enrolled at the University of Vienna have been
designated as the "LBS User" and the lecturers & research personnel as
"Content Provider"s & "Research and Development" actors.

9.2 Evaluation Results

The developed indoor positioning algorithm achieved the accuracy of 95%
for room-level precision, i.e. the distance between two Fingerprint is at
minimum three meters and at maximum six meters.
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The on-site test has been conducted at the premises of Faculty of Com-
puter Science, University of Vienna and the result has been recorded on
video https://youtu.be/CwEp2NzYlwA .

The indoor location-based services implemented within this study were
evaluated by 17 students currently enrolled at the University of Vienna re-
garding their usefulness. The evaluation was conducted in form of an inter-
view and students were asked to give points for features (i.e. functionality)
listed in Table 9.1 by filling an online survey.

TABLE 9.1: Association of the functionality implemented
within this study to the respective LBS feature and its ex-

planation.

Functionality LBS Explanation
Friends Community Services Location Sharing
Location Traffic Telemetrics Navigation Assistance
Messages Mobile Marketing Spatio-temporal Notification
Attendance Tracking Toll Systems Automated Attendance Tracking

The survey result containing weighted averages for each service from
the LBS User’s perspective is illustrated on a radar plot in Fig. 9.1.

Friends

Location

Messages

Attendance Tracking

0 1 2 3 4 5

FIGURE 9.1: Perception of 17 students on usefulness of the
IndoorLBS application for 4 different features (Evaluation

schema; -2: not at all useful, 2: extremely useful).

The most useful feature designated by the students is "Location" and
"Friends" with weighted averages of 4.19 and 4.00, while "Attendance Track-
ing" and "Messages" features had similar weighted averages (3.75 and 3.63).
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The Net Promoter Score introduced in Reichheld (2003) in the range be-
tween -100 and 100 is evaluated by students as 24. While 50.00% of stu-
dents found the graphical user interface of the application "Extremely user-
friendly", 50.00% of students evaluated it as "Very user-friendly".

Comments of Students on the survey and my reflections are as follows:

add a friend -> would be better to search a friend by
name either, because do you know the matriculation
number of your friends? maybe you should offer the
possibility to change the language of the interface
in other languages.

The main reason behind the decision for not providing a browsing
feature was to protect users’ privacy. Thus implementation of this
feature is discouraged. Since the proposed system is not at production
stage and is implemented as a part of this study no localization has
been conducted for the sake of simplicity. Future implementations are
however encouraged to provide a localization feature.

I think it’s a great and creative idea!

-

Great design and graphics, a simple and user-friendly
application!

-

Automated attendance Tracking is a nice idea, but I
worry about data Security and data abuse

The implemented Attendance Tracking utilizes the bare minimum of
user data to fulfill its objective. A further measure can be undertaken
by denying the administrators from accessing any real-time user data
through the "AdministrationPanel".

really nice. Keep on working.

-

It’s a nice idea, but I would rather use other
messengers to communicate with my friends :)

This comment indicates that the feature "Messages" was not well un-
derstood by some of the users, which might also explain the reason
why it was designated as the least useful feature. "Messages" is a tool
which allows messages from the administrators to be received by stu-
dents instantly. It provides a one-sided communication. The name
"Messages" is encouraged to be changed as e.g. "Notifications" for
better understanding of this feature.

The "AdministrationPanel" was evaluated by three lecturers in form of
an interview finalized with an online survey. The results are visualized in
Fig. 9.2. The most useful features designated by lecturers are "Messages"
and "Charts" both with an average weight of 3.67 while "Heatmap" has an
average weight of 2.67 and "Visitors" 2.33. "Heatmap", "Charts" and "Visi-
tors" are part of the service "Toll Systems". "Messages" is part of the service
"Mobile Marketing".
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Messages

Visitors

Charts

Heatmap

0 1 2 3 4 5

FIGURE 9.2: Perception of 3 lecturers on usefulness of the
indoor LBS for 4 different features (Evaluation schema; -2:

not at all useful, 2: extremely useful).

It is interesting to see that the feature "Messages" which is evaluated
by students as least useful is designated by lecturers as most useful fea-
ture. The feature "Visitors" (i.e. Attendance Tracking) which is evaluated
by lecturers as least useful feature is designated by students as the third
useful feature with a very similar average weight to the second useful fea-
ture "Friends".

The Net Promoter Score in the range between -100 and 100 is evaluated
by lecturers as -100.

While 66.67% of lecturers found the information on the website "Very
easy" to understand 33.33% of lecturers found the information as "Some-
what easy" to understand.

Comments of Lecturers on the survey and my reflections are as follows;

Heatmaps eher basierend auf den Karten darstellen. Daher
z.B. die Raeume einfaerben entsprechend in den verwendeten
Karten. Zoomfunktion bei den Karten um diese vergroessern
zu koennen.

One of the objectives of this study was to create a system which is easy
to deploy and requires the bare minimum manual involvement. No
changes regarding heat maps such as projection of heat maps on floor
plans are encouraged in order to keep the system as automatized as
possible and extensible with minimum manual interference.
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From a data collection point of view, I think this app
is very interesting, but as a user I would not feel
too well that all my spatial information (when I have
been where) are being collected and analyzed.

A part of this comment is written from students point of view and a
similar comment by a student has already been addressed above.

Connection to Cewebs and or UFind would be nice. Rename
"Message" to "News or Updates".

A connection to CEWebS the e-learning platform and/or U:Find sys-
tem of the university in a future implementation is encouraged. Also
the feature "Messages" should be renamed as suggested in this com-
ment to prevent any misunderstanding by both students and lectur-
ers. Such a misunderstanding can already be seen by one of the com-
ments from students.
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10 Conclusion

Location-based services are intended to assist users in their daily life by pro-
viding context aware information regarding their whereabouts. As stated
in Costilla-Reyes and Namuduri (2014) there are no ubiquitous position-
ing techniques satisfying the precision and infrastructure requirements for
indoor positioning, therefore the aim of this study was to design and to
implement an efficient system providing indoor positioning and indoor
location-based services at a satisfactory level for LBS Users at an univer-
sity environment. As mentioned especially in the architectural design in
Chapter 5 of this thesis, privacy is a major challenge for the use of this type
of systems and certainly needs a more detailed analysis.

This study has shown that WLAN Fingerprinting can provide reliable
accuracy at 95% success rate in room-level precision in a range of 3 to 6
meters for realization of indoor positioning and indoor location-based ser-
vices. The proposed algorithm has been derived from Hansen et al. (2010)
which was partially based on assumptions in visitor circulation and man-
ual volunteer user interference for correction of Fingerprints. An example
procedure in regard to the design of the indoor location-based services and
their implementation has been presented in this study.

The perception of LBS Users on the implemented indoor location-based
services have been proved to be positive as indicated from the Net Promoter
Score as 24 in the range from -100 to 100.

As a future work the proposed algorithm should be improved with out-
lier detection features to limit extreme changes in measured signal strengths
while sampling signal results for Fingerprint generation.

During the field test of the algorithm it was noticed that at border loca-
tions between two areas the calculated position was swinging at each scan
between two neighboring areas. This issue should be handled by utilizing
statistical methods which will determine users location based on e.g. the
last four location calculations.

Furthermore the algorithm should be tested with devices equipped with
different antenna sizes to better understand the effects of signal reception
performance of devices on positioning and adjusted accordingly.

Other sensors such as compass and gyroscope can be utilized to pro-
vide additional navigation assistance to the current algorithm to provide
increased precision in positioning.
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A Deployment Instructions

This appendix provides information on the deployment of the server com-
ponents. It is assumed that a fresh installation of Ubuntu 14.04.3 LTS is
provided on a machine with a minimum 2.0 GHz CPU and 8 GiB RAM.
Please do not forget to update and upgrade packages after booting your
machine for the first time.

Throughout this document it is assumed that the user name is administrator.
The first step contains installation and configuration of MySQL and

Apache Server through executing the code below as root:

apt-get install mysql-server mysql-client
apt-get install apache2
apt-get install php5 libapache2-mod-php5
service apache2 restart
apt-get install php5-mysql php5-curl php5-gd php5-intl php-pear
php5-imagick php5-imap php5-mcrypt php5-memcache php5-ming
php5-ps php5-p
apt-get install php5-mysql php5-curl php5-gd php5-intl php-pear
php5-imagick php5-imap php5-mcrypt php5-memcache php5-ming
php5-ps php5-spell php5-recode php5-snmp php5-sqlite php5-tidy
php5-xmlrpc php5-xsl openssl
apt-get install php5-mysql php5-curl php5-gd php5-intl php-pear
php5-imagick php5-imap php5-mcrypt php5-memcache php5-ming
php5-ps php5-pspell php5-recode php5-snmp php5-sqlite php5-tidy
php5-xmlrpc php5-xsl openssl
service apache2 restart
apt-get install php5-xcache
service apache2 restart
apt-get install php5-xcache
service apache2 restart
sudo apt-get install php5-imap
sudo php5enmod imap
sudo service apache2 restart
php -m|grep imap
sudo /etc/init.d/apache2 restart
sudo service apache2 restart
sudo chmod 777 /etc/php5/ -R
sudo service apache2 restart
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In the next step the Java 1.8 Virtual Machine is installed through a third
party and its version checked by executing following commands:

sudo add-apt-repository ppa:webupd8team/java
sudo apt-get update
sudo apt-get install oracle-java8-installer
java -version

To install the R program execute following commands:

sudo apt-get install r-base sudo apt-get install r-base-core

After installing the "Rserve" package through cran execute following
commands to enable shlib and check if the R server is online:

R CMD Rserve
R -enable-R-shlib
telnet localhost 6311

Create a database ilbs in MySQL and create following tables:

1
2 CREATE TABLE Admin(
3 admin_id in teger AUTO_INCREMENT NOT NULL,
4 admin_login_name VARCHAR( 2 5 5 ) NOT NULL,
5 admin_password VARCHAR( 2 5 5 ) NOT NULL,
6 admin_email VARCHAR( 2 5 5 ) NOT NULL,
7 PRIMARY KEY( admin_id )
8 ) ;
9

10 CREATE TABLE Message (
11 message_end_time DATETIME NOT NULL,
12 message_start_t ime DATETIME NOT NULL,
13 message_locat ion VARCHAR( 2 5 5 ) NOT NULL,
14 message_id in teger AUTO_INCREMENT NOT NULL,
15 admin_id in teger NOT NULL,
16 message_content VARCHAR( 2 5 5 ) NOT NULL,
17 message_s ta tus_a l l VARCHAR( 2 5 5 ) NOT NULL,
18 PRIMARY KEY( message_id ) ,
19 FOREIGN KEY( admin_id ) REFERENCES Admin( admin_id ) ON

UPDATE CASCADE
20 ) ;
21
22 CREATE TABLE EndUser (
23 end_user_id2 VARCHAR( 2 5 5 ) ,
24 end_user_id in teger AUTO_INCREMENT NOT NULL,
25 end_user_regid TEXT NOT NULL,
26 end_user_ locat ion VARCHAR( 2 5 5 ) NOT NULL,
27 end_user_date DATETIME NOT NULL,
28 end_user_name VARCHAR( 2 5 5 ) ,
29 PRIMARY KEY( end_user_id )
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30 ) ;
31
32 CREATE TABLE Assoc ia t ion (
33 a s s o c i a t i o n _ i d in teger AUTO_INCREMENT NOT NULL,
34 message_status VARCHAR( 2 5 5 ) NOT NULL,
35 message_id in teger NOT NULL,
36 end_user_id in teger NOT NULL,
37 PRIMARY KEY( a s s o c i a t i o n _ i d ) ,
38 FOREIGN KEY( message_id ) REFERENCES Message ( message_id )

,
39 FOREIGN KEY( end_user_id ) REFERENCES EndUser (

end_user_id )
40 ) ;
41
42 CREATE TABLE EndUserLog (
43 end_user_log_id in teger AUTO_INCREMENT NOT NULL,
44 end_user_ log_locat ion VARCHAR( 2 5 5 ) NOT NULL,
45 end_user_log_date DATETIME NOT NULL,
46 end_user_log_regid TEXT ,
47 end_user_id in teger NOT NULL,
48 PRIMARY KEY( end_user_log_id ) ,
49 FOREIGN KEY( end_user_id ) REFERENCES EndUser (

end_user_id )
50 ) ;
51
52 CREATE TABLE Friend (
53 f r i e n d s h i p _ i d in teger AUTO_INCREMENT NOT NULL,
54 end_user1_id in teger NOT NULL,
55 end_user2_id in teger NOT NULL,
56 f r i e n d s h i p _ s t a t u s VARCHAR( 2 5 5 ) NOT NULL,
57 PRIMARY KEY( f r i e n d s h i p _ i d ) ,
58 FOREIGN KEY( end_user1_id ) REFERENCES EndUser (

end_user_id ) ,
59 FOREIGN KEY( end_user2_id ) REFERENCES EndUser (

end_user_id )
60 ) ;
61
62 CREATE TABLE LocalUser (
63 l o c a l _ u s e r _ i d in teger AUTO_INCREMENT NOT NULL,
64 local_user_name VARCHAR( 2 5 5 ) ,
65 local_user_password VARCHAR( 2 5 5 ) ,
66 PRIMARY KEY( l o c a l _ u s e r _ i d )
67 ) ;
68
69 CREATE TABLE Gcm(
70 gcm_id in teger AUTO_INCREMENT NOT NULL,
71 server_key VARCHAR( 2 5 5 ) NOT NULL,
72 loop_frequency in teger NOT NULL,
73 s e r v e r _ s t a t u s VARCHAR( 2 5 5 ) NOT NULL,
74 PRIMARY KEY( gcm_id )
75 ) ;
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76
77 CREATE TABLE ScanRepository (
78 s c a n_ r e po s i to r y_ i d in teger AUTO_INCREMENT NOT NULL,
79 scan_end_user_regid TEXT NOT NULL,
80 scan_end_user_date DATETIME NOT NULL,
81 scan_end_user_ locat ion VARCHAR( 2 5 5 ) NOT NULL,
82 scan_mac_address VARCHAR( 2 5 5 ) NOT NULL,
83 scan_s t rength in teger NOT NULL,
84 PRIMARY KEY ( s c an _ r ep o s i t o r y_ i d )
85 ) ;
86
87 CREATE TABLE f i n g e r p r i n t (
88 f i n g e r p r i n t _ i d in teger AUTO_INCREMENT,
89 f ingerprint_name varchar ( 2 5 5 ) ,
90 Primary Key ( f i n g e r p r i n t _ i d )
91 ) ;
92
93 CREATE TABLE fp_mac_address (
94 fp_mac_id in teger AUTO_INCREMENT,
95 f i n g e r p r i n t _ i d integer ,
96 min_strength integer ,
97 max_strength integer ,
98 mac_address varchar ( 2 5 5 ) ,
99 Primary Key ( fp_mac_id ) ,

100 Foreign Key ( f i n g e r p r i n t _ i d ) r e f e r e n c e s f i n g e r p r i n t (
f i n g e r p r i n t _ i d )

101 ) ;
102
103 CREATE TABLE scan (
104 scan_id in teger AUTO_INCREMENT,
105 scan_name varchar ( 2 5 5 ) ,
106 Primary Key ( scan_id )
107 ) ;
108
109 CREATE TABLE sc_mac_address (
110 sc_mac_id in teger AUTO_INCREMENT,
111 scan_id integer ,
112 s t r en g th integer ,
113 mac_address varchar ( 2 5 5 ) ,
114 Primary Key ( sc_mac_id ) ,
115 Foreign Key ( scan_id ) r e f e r e n c e s scan ( scan_id )
116 ) ;
117
118 CREATE TABLE Generator (
119 generator_ id in teger AUTO_INCREMENT,
120 f i l e _ p a t h varchar ( 2 5 5 ) ,
121 loop_frequency integer ,
122 s e r v e r _ s t a t u s varchar ( 2 5 5 ) ,
123 scan_amount integer ,
124 simulat ion_range integer ,
125 occ_percent integer ,
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126 t i m e _ i n t e r v a l integer ,
127 Primary Key ( generator_ id )
128 ) ;
129
130 CREATE TABLE Image (
131 image_id in teger AUTO_INCREMENT,
132 f ingerprint_name varchar ( 2 5 5 ) ,
133 x_coordinate integer ,
134 y_coordinate integer ,
135 Primary Key ( image_id )
136 ) ;

Copy the web project into the root folder of Apache Server i.e. /var/www/html/
and change the password in password.php file so that it matches the pass-
word of MySQL Server.

Execute the command crontab -e in shell and add following lines to
run the respective scripts on startup:

@reboot /home/administrator/GcmMessengerScript.sh
@reboot /home/administrator/WifiFingerprintGeneratorScript.sh
@reboot /home/administrator/RclientScript.sh

Copy the shell scripts GcmMessengerScript.sh, WifiFingerprintGeneratorScript.sh
and RclientScript.sh into /home/administrator/.

Please note that you can alternatively put the content of these scripts
into a single script and run only that script on startup. The new script looks
in this case as:

#/bin/bash
java -jar /home/administrator/GcmMessenger.jar &
java -Xmx7g -jar /home/administrator/WifiFingerprintGenerator.jar
&
/usr/lib/R/bin/R CMD
/home/administrator/R/x86_64-pc-linux-gnu-library/3.0/Rserve/libs//Rserve
-no-save &

Please note that the WifiFingerprintGenerator.jar requires around
7 GiB RAM to process 85 Fingerprints.

Copy the files GcmMessenger.jar, WifiFingerprintGenerator.jar,
Rclient.jar, Rscript.r and Rscript2.r. Please note that these Java
applications are required to be recompiled with the password matching the
password of MySQL Server.

Please note that you can create an Administrator rootmanually through
MySQL command prompt and log in by entering that user name and the
hard-coded password in the PHP file.
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For instructions respective usage of services please refer to the explanations
on the website. The Operation Instructions in this appendix are about cre-
ation and management of Fingerprints.

Provided that the "WiFiFingerprintGenerator.jar" program is running
on the server and the Fingerprint Generator’s setting is convenient to gen-
erate new Fingerprints as e.g. shown on the screen shot in Fig. B.1.

FIGURE B.1: Fingerprint Generator set to create new Fin-
gerprints.

Creation of the Fingerprint for a new location consists of following steps:

1. Scanning Signals at the new Location

Signals should be scanned by using the Maintenance Application writ-
ten for Android devices. To prevent misuse of the application the op-
erator is required to enter a password which is to be found on the
"Settings & More" page under the title "Maintenance Application" to-
gether with the link to download the *.apk file to install the applica-
tion on an Android device.

This application enables the operator to scan the WLAN signals in the
environment and send them to the server. The operator should stand
still during the scan process. Each scan result requires the name of the
location where it originates from. It is critical that the amount of scan
results created for the location is equal or exceeds the "Scan Amount"
value entered in "Fingerprint Generator Settings".

The operator can read the number of scan results made at the loca-
tion through the value down below of the screen marked as "null" on
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the screen shot in Fig. B.2. The application informs the operator be-
fore sending the scan results and after the scan results are successfully
registered by the server through Toast Messages.

FIGURE B.2: Main Layout of the Maintenance Application.

The operator should take into consideration that signal strengths from
access points are weakened if the operators body stands between the
WLAN receiver of the Android device and the access point. Thus
the scans should be conducted in four directions each with 90 degree
difference from its predecessor.

The name of each Fingerprint is required to consist from the combina-
tion of a building code and name of the location with an underline "_"
in between. It is the responsibility of the operator to make sure that
each building has a unique building code.

If the Fingerprint is not generated after the time entered for one loop
of the program please make sure that enough RAM is given free for
the "WiFiFingerprintGenerator.jar". Keep in mind that the standard
heap size of Java is 254 MB which may be insufficient and cause a
memory leak error i.e. java.lang.OutOfMemoryError. If you are
not sure how much memory you should allocate please run the pro-
gram manually on the terminal and check whether it completes a loop
successfully for its current heap size.

It is important to note that the Maintenance Application acts identi-
cal to a client which sends sample scan results to the server with the
exceptions that it requires the operator to enter the location manually
-instead of calculating the position itself as the client application (i.e.
mobile application for the LBS User) does- and it is validated as a re-
liable source through the Google Push Messaging Identifier -same as
the client application- which however is entered for the Maintenance
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Application manually prior the operation and does not need to be a
valid identifier from Google. The operator is then required to enter
the identifier set for the Maintenance Application on the main layout
before committing scan results to the server. Please do not forget to
create a respective entry in the database before trying to use the Main-
tenance Application.

2. Uploading Floor Plan

The floor plans are required to be uploaded prior to the association
of locations (i.e. Fingerprints) and floor plans as a non-existing floor
plan would cause the client application to crash.

Uploaded floor plans should be in PNG format and have the size
650x650 pixels with a transparent background. It should be taken un-
der advisement that floor plan names are to consist from the combi-
nation of the building address and floor level with an underline "_" in
between and ending with ".png".

3. Associating Location to Floor Plan

The association of locations (i.e. Fingerprints) to floor plans should be
conducted only for floor plans existing on the server.

Position of the location (i.e. Fingerprint) is to be given in pixel-coordinates
as shown on the screen shot in Fig. B.3. It is important to note that the
point P(0|0) implies upper left of the image.

FIGURE B.3: Association of Fingerprints to Floor Plans.

If a location is not associated to a floor plan a default floor plan with
default coordinates will be automatically associated to the location
before the Fingerprint is published.
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C Surveys

Surveys have been conducted through the online services offered by the
company SurveyMonkey Europe which complies with European personal
data export requirements.

The survey for evaluation of the "IndoorLBS Android Application" con-
sists of three single-choice questions and one text question allowing users to
reflect their personal feedback regarding the application. The target group
for this survey are currently enrolled students at the University of Vienna
representing the actor "LBS User" of the LBS System proposed in this study.

The first question assesses the level of user friendliness of the applica-
tion, while the third question is utilized to indicate the level of satisfaction
of the user in terms of Net Promoter Score introduced in Reichheld (2003).
The second question allows the survey participant to reflect his/her per-
ception on usefulness of the four location-based services provided by the
mobile application. The fourth question allows the survey participant to
provide further comments on areas which were not covered by the first
three questions.

This survey has been published on Facebook (http://facebook.com)
through the web link https://www.surveymonkey.com/r/JZ9RDNJ.
The link has been posted in eight study groups that were created and are
administered the by Computer Science students at the University of Vienna.
Eight of the potential participants have received the link as instant message,
from which two participants were designated as not eligible due to having
completed their studies and thus being not a currently enrolled student at
the university. The web link is also published on this study’s project web-
site (http://ilbs.cs.univie.ac.at/index.php?page=app).

The survey for the evaluation of "Indoor Location-based Services at Uni-
versity of Vienna" consists of three single-choice questions and one text
question allowing users to reflect their personal feedback regarding the ser-
vices. The target group for this survey are lecturers at the University of
Vienna representing the "Content Provider" and "Research and Develop-
ment" actors of the LBS System proposed in this study. The number of
questions and the content of this survey is designed in a similar fashion to
the survey "IndoorLBS Android Application" except that the first and sec-
ond questions concern the website and the supported services available to
lecturers only.

The survey can be reached by lecturers on this study’s project website
after logging in (http://ilbs.cs.univie.ac.at/index.php?page=login).
This survey has been conducted by lecturers at the Worflow Systems and
Technology department.

Following pages contain both surveys conducted for the evaluation of
this project.
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https://www.surveymonkey.com/r/JZ9RDNJ 1/2

Survey on the website ilbs.cs.univie.ac.at

IndoorLBS Android Application

1. How userfriendly is the application's graphical interface?

Extremely userfriendly

Very userfriendly

Moderately userfriendly

Slightly userfriendly

Not at all userfriendly

 
Not at all
useful Not so useful

Somewhat
useful Very useful

Extremely
useful

Friends (Location
Sharing)

Location
(Navigation
Assistance)

Messages
(Spatiotemporal
Notification)

Registration
(Automated
Attendance
Tracking)

2. How useful are the application's features to you?

Not at all likely Extremely likely

3. How likely is it that you would recommend this application to a friend or
colleague?

4. I would appreciate your comments on this application.
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Survey on the website ilbs.cs.univie.ac.at

Indoor Locationbased Services at University of Vienna

1. How easy is it to understand the information on this website?

Extremely easy

Very easy

Somewhat easy

Not so easy

Not at all easy

 
Not at all
useful Not so useful

Somewhat
useful Very useful

Extremely
useful

Messages
(Spatiotemporal
Notification)

Visitors
(Automated
Attendance
Tracker)

Charts (Analytics
on Infrastructure
Usage)

Heatmap
(Analytics on
Visitor
Interaction)

2. How useful are this website's features to you?

Not at all likely Extremely likely

3. How likely is it that you would recommend this service to a friend or colleague?

4. I would appreciate your comments on this service. 

0 1 2 3 4 5 6 7 8 9 10

Appendix C. Surveys 69



5/5/2016 Indoor Location-based Services at University of Vienna Survey

https://www.surveymonkey.com/r/WX23V2G 2/2

Powered by

See how easy it is to create a survey.

Done
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D Survey Results

The company SurveyMonkey Europe provides basic analysis features for
the surveys conducted through its online services.

For the survey "IndoorLBS Android Application" a complete anonymity
of participants could be provided as this survey was filled by users on their
term regarding location and time of participation at the survey.

A similar anonymity of participants could not be provided for the sur-
vey "Indoor Location-based Services at University of Vienna" by "Analyze
Results" due to the small number of participants and the fact that each par-
ticipant filled the survey right after the personal interview/presentation of
the website.

Following pages contain analysis of the survey "IndoorLBS Android
Application" and "Indoor Location-based Services at University of Vienna"
by "Analyze Results" feature of SurveyMonkey Europe.
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