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Prologue 

Navigation has become booming business recently. Well-known navigation services, such as 

TomTom, Garmin and Google Navigation, are dominating the market for outdoor, road based 

navigation. The fact that such applications are able to determine a location on a platform has always 

fascinated the author. Simple location determination is further utilized in specialized applications and 

functions, such as SportyPal, which logs the movements and interpolates several units, or the 

geotagging of photos. And so, this further piqued the interest to investigate matters in the indoor 

environment, as one has to look beyond what one sees. 

IƻǿŜǾŜǊΣ ƴŀǾƛƎŀǘƛƻƴ ŀǎ ŀ ǿƻǊŘ Ŏŀƴ ŀƭǎƻ ōŜ ǳǎŜŘ ŀǎ ŀ ƳŜǘŀǇƘƻǊ ǘƻ ŘŜǎŎǊƛōŜ ƻƴŜ ƳŀƴΩǎ ƭƛŦŜ ƧƻǳǊƴŜȅΦ 

How can one navigate as a human being? On the paths of life, one has to navigate through a web of 

complicated matters by fulfilling expectations and by making decisions that will influence your 

ŦǳǘǳǊŜΦ 5ŜŎƛǎƛƻƴǎ ƳƛƎƘǘ ōŜ ōŀǎŜŘ ƻƴ Ǉŀǎǘ ŜȄǇŜǊƛŜƴŎŜ ŀƴŘκƻǊ ƪƴƻǿƭŜŘƎŜΣ ǘƘŜǊŜ ƛǎ ƴƻ ΨǘǳǊƴ ōŀŎƪΩ 

option, and things might heavily alter the path of life in unforeseen circumstances, both positive and 

negative. Navigation is then based on the abstract level. 

The author, too, almost navigated towards another direction. Unforeseen circumstances in the 

private life forced him to choose a different flow than intended. The result is this thesis project, in 

which much time and effort has been put. The author hopes that the thesis is readable and 

understandable. He hopes that every wise man should follow his own direction and that as such, 

navigation applications will contribute in making those decisions. 

Justin Stook 
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Summary  
One possible way to determine a position in the indoor environment is by using (the reflection and 

absorption of) signal strengths, also called multipath, from Wi-Fi routers. By recording the signal 

strengths in dBm over time at a certain position, a fingerprint can be created. These fingerprints can 

be unique in the sense that it is possible to distinguish positions. However, multipath are both a bless 

and a burden: the set of signal strengths are made because of the reflection and absorption, but at 

the same time, they are prone to changes in time, since at a position, signals can be received directly 

and indirectly. In this sense, it is not possible to record unique fingerprints at each single spot 

consistently, since the differences would not be significant to distinguish.  

In this thesis, research has been done on how to make use of fingerprints in a smartphone based 

indoor navigation application, which uses fingerprints as a positioning technique, and which does not 

uses geometric maps or coordinates as a guideline. Since the fingerprints are directly translated to 

ǊŜƭŀǘƛǾŜ ƭƻŎŀǘƛƻƴǎΣ ǎǳŎƘ ŀǎ άwƻƻƳ нΦнллέΣ ǘƘŜ ƳŜǘƘƻŘ ƻŦ ǇƻǎƛǘƛƻƴƛƴƎ Ƙŀǎ ōŜŜƴ ŎƘŀƴƎŜŘ ǘƻ ƭƻŎŀƭƛȊŀǘƛƻƴ 

instead of positioning. The focus is on the confirmation of the appropriate location regarding the 

requested route in topological sense: a user traverses a route constructed by nodes and edges 

without any explicit coordinates. ¢ƘŜ ŦǊŀƳŜǿƻǊƪ ƻŦ ǘƘŜ hǇŜƴ DŜƻǎǇŀǘƛŀƭ /ƻƴǎƻǊǘƛǳƳΩǎ όhD/ύ hǇŜƴ 

Location Services (OpenLS) has been used a guideline to set up a prototype. Parameters cannot be 

used, since those involve maps and WGS84 coordinates, while the project aims at the non-geometric 

features. 

Signal strengths from a set of Media Access Controls (MAC) which transmits the Wi-Fi signals, have 

been recorded at 40 locations at the OTB research centre in Delft. In the application a scan will be 

compared to the recorded signal strengths and if there is a match, the location will be returned. This 

location is being matched with the requested route and it is possible to tell whether the user is at the 

correct location or not. As with the nature of multipath, one has to take into account the matching 

signal has to be within a range of the recorded signal: if the recorded signal was -65 dBm, sufficient 

search space has to be created around this signal. In this project, a search space of +4 dBm and -4 

dBm has been proved sufficient. This means that a live signal of -67 dBm would provide a matching 

location, since this is within range of the original recorded signal (-69 < RSSI < -61). 

The strength of this methodology is that it is easy to maintain a database with the recorded signals, 

although the recording, or site surveying, is rather time consuming, and the MACs can be easily 

replaced or removed. Multipath itself is inherent to changes in the time domain, which results in 

delays upon live tracking. As such, the fingerprint database requires a frequent update. Another 

strength is that there is no need for additional data processing: since there are no maps needed, 

there is a fast processing, as a certain degree of map matching does not apply here. 

From the results, it was visible that it is highly recommended to store only mac addresses with their 

signal strengths, which are in the same physical space as the location fingerprint, as it improved the 

returning results on location predictions. Moreover, upon surveying, it is recommended to use the 

same class of receiver as the application is to be installed. Scan results obtained from high-end 

receivers can be considered as incompatible with scan results obtained from a medium-end receiver 

such as a smartphone. It is most likely the survey results from the latter will match the live results. As 

a result, a disadvantage is that separate fingerprint databases needs to be recorded for specific 

devices. 
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Further improvements are suggested regarding the translation (geocoding) of the fingerprint 

locations to absolute positions based on coordinates (allowing graphs or maps to be displayed), using 

extensions of smart navigation (as now, neutral directions have been used) and by distinguishing 

certain user properties (such as navigating through restricted areas, navigation for disabled users, or 

time of arrival estimations). In the developed prototype, room has been reserved for extensions such 

as these. The database for MAC and locations can also be placed on a server, rather than in an 

inherent database included in the application, for up scaling towards a large coverage area. 

Issues will remain regarding the privacy of MAC addresses, since it is not allowed to record MAC 

addresses along with location information in several countries, as it is possible to trace identifiable 

persons, which contradicts legalities.  
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Termin ology 

Positioning vs. localization and accuracy vs. precision  
A distinction can be made between positioning and localization.  Haenselmann (2005) uses the 

following definitions: 

¶ Positioning is the determination of a location with absolute (global) coordinates, such as 

(35.629535, 139.879818). 

¶ Localization ƛǎ ǘƘŜ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ŀ ƭƻŎŀǘƛƻƴ ǿƛǘƘ ǊŜƭŀǘƛǾŜ ŎƻƻǊŘƛƴŀǘŜǎΣ ǎǳŎƘ ŀǎ άwƻƻƳ рΦмнέΣ 

and depends on the scale as such, e.g. a large room could be subdivided in smaller particles. 

In this research, these two words are often mixed in use. When they are used in the context of 

describing a sensor technique, both refer to the same style of location determination.  However, in 

the event these terms are used as a noun themselves, they are referring to their respective trait. In 

this perspective, the use of accuracy and precision, in combination with these techniques has also a 

distinction, as defined by the BIPM (2008): 

¶  άώAccuracy is the degree of] closeness of agreement between a measured quantity value and a 

true ǉǳŀƴǘƛǘȅ ǾŀƭǳŜ ώΧϐΦ ά 

¶ άώPrecision is the degree of] closeness of agreement between indications or measured quantity 

values obtained by replicate measurements on the same or similar objects under specified 

ŎƻƴŘƛǘƛƻƴǎΦέ 

A high accuracy means that measurement points (in this case location points) are close to the aimed 

target area. A high precision means that the measurement points together are close to each other 

This is displayed in Figure 1, where the purple dots represents the allocation of the GPS receiver, and 

the red dot represents the actual position. 

 This research is mainly focused on the accuracy being used, rather than the precision of the 

measurements of the signals. 

 

Figure 1. Accuracy and precision 
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Building geometry  
In this thesis the combination of words building geometry is consistently being used. This can refer 

to: 

¶ Creating geometry (building as constructing) 

¶ The geometric features of a construction (the dimensions of a construction) 

In this thesis, the second definition is being used. Building geometry refers to the dimension of the 

building as information and not to the development of geometric features itself. 
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PART 0 - Introduction  
 

Contents 

¶ 1. Introduction 

¶ 2. Goal, objectives and scope/limitations 

¶ 3. Research questions 

 

This thesis has been subdivided in five parts: part 0 with the general context of introduction, goal and 

research questions; part I with the main theory, part II with application oriented theory, part III with 

the application implementation and empirical research, and part IV in which the thesis will be 

concluded. 

In this part 0, this report starts with a topic introduction and the structure of the thesis in chapter 1. 

Chapter 2 continues with a description of the goal, objectives and the scope (and limitations) of the 

research. Chapter 3 follows with the research questions.  
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1. Introduction  
In this chapter the research topic (1.1) and the contents (1.2) of this thesis are described. 

1.1. The research topic  
Recent studies (Kolodziej & Hjelm, 2006; Zhang et al., 2010; Dovis et al., 2010) have shown the 

market in outdoor location based services (LBS) has increased over the past decade. With the use of 

a variety of sensor techniques, such as the Global Positioning System (GPS), BlueTooth, IEEE 802.11 

Wireless Local Area Network (WLAN, also called Wi-Fi) and the Universal Mobile Telecommunications 

System (UMTS) and its generations in data transfer (e.g. 3G & 4G), software equipped mobile devices 

are capable to request and display vital on-the-fly information. GPS is the prime technology being 

used for these applications. Examples are the car navigation, in the form of TomTom or Garmin 

installed on independent devices and Google Navigation on cell phones, store locations requests 

(Albert Heins Appie), or friend finders (Google Latitude).  

LBS allows on-the-fly navigation and service information, on-the-spot advertisement and 

notifications possibilities and other location related information, but are primarily outdoor, while the 

indoor possibilities have been neglected somehow  (Manodham et al., 2008, p. 296). One can think 

of navigating through a large stadium, a convention centre, an office complex or a railway station. 

But the application of indoor location information can also be used for robotics, for example. Indoor 

LBS especially proves its worth in emergency rescue or incident management, where high position 

accuracy is needed under difficult circumstances 

However, GPS services have their limitations, which include a low accuracy in densely built 

environments and no available services at all inside buildings. Indeed, there has been, and still is, 

ongoing research about how these techniques can be improved (Kolodziej & Hjelm, 2006, Zhang et 

al., 2010; Yim et al., 2010; Dawes & Chin, 2010; Woo et al., 2011, to name just a few). This research 

also focuses on the indoor navigation.  

Despite the constraints of the current techniques and applications, existing sensor technologies and 

existing software can be enhanced to cater these difficulties. At the moment, Wi-Fi technology seems 

to be the most promising technique to detect indoor locations, although it has some weaknesses 

regarding its positioning accuracy. The question is whether it is possible to develop an indoor 

navigation system, which makes use of existing Wi-Fi technology. Furthermore, one has to deal with 

the target user (user profiles), to determine what support of applications and/or services is desirable, 

as this affects the general design of a service. As with sensor technologies, one must also take the 

objects and materials in account, as signal penetration behaves different for plywood than for 

concrete bunkers.  

This research concerns about 1) the Wi-Fi fingerprinting technique and 2) the indoor navigation itself. 

From the latter, the focus is on how to use fingerprints to confirm where the user is, and whether the 

user is still on track in the context of the requested route towards the target, as this confirmation is 

part of navigation. Although various studies have dealt with Wi-Fi allocation processing as stated in 

Ibrahim & Ibrahim (2010), the novelty of this research that it will be strictly focused on the aspect of 

certainty and confirmation for civilian use.  



M S c  T h e s i s  I n d o o r  N a v i g a t i o n  w i t h  W i- F i  F i n g e r p ri n t i n g  | 17 

 

The end product is a prototype for indoor navigation to be used on a smartphone, in particularly on 

an Android based device. The prototype can be used to navigate from one place in a building, to 

another place in a building, without having knowledge of the complex.  

1.2. Contents of this thesis  
First the objectives will be explained in chapter 2. Following these objectives, the research questions 

will be discussed in chapter 3. The content body of this thesis is divided into three parts. 

In part I, the theoretical framework and background will be described in a full literature review. In 

chapter 4, some explanation about possible sensor techniques is provided. It also elaborates more on 

the principles of IEEE 802.11 (Wi-Fi) technology. Chapter 5 enhances this with positioning techniques, 

including fingerprinting. Chapter 6 deals with the navigation context, which forms another 

fundamental part of this research. Chapter 7 continues with the Open Location Standards (OpenLS) 

of the Open Geospatial Consortium (OGC), which can be used as a framework to develop a 

prototype.  

Part II concerns with the application of the theoretical frame and is thus a mixture of both theory and 

practical issues and relies largely on a literature review, but allows room for ideas of the developing 

application. Chapter 8 deals with the application requirements, by dealing what is desirable: this is 

the part where the user preferences or user profiles will be stressed. Chapter 9 continues with 

connecting the sensor technique with an application, in which the OGC on OpenLS calls this gateway 

servicing. Chapter 10 deals with the implementation of navigational services, including algorithms 

and the use of OGC/OpenLS, in particular the directory and geocoding services. Chapter 11 follows 

with the modelling of the indoor environment. Chapter 12 proceeds with the output presentation of 

the chapters 8-11 and emphasizes on the visualization. Chapter 13 combines the previous chapters 

on the question how the navigation application can be constructed. Chapter 14 described how the 

architecture looks like. 

Part III emphasizes on the results and provides detail on the prototype being exploited, which will be 

discussed in the chapters 15 (surveying methodology and results as well as database issues), 16 

(localization methodologies) and 17 (layout and results).  

Finally, part IV closes the thesis with the final conclusion in chapter 18. A reflection in the form of 

discussion on limitations and recommendations are to be found in chapter 19. In addition, remarks 

on privacy and legal issues  form an epilogue in chapter 20. 

Figure 2 displays how the chapters interrelate to each other. 
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Figure 2. Interrelation of the chapters 
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2. Goal, objectives and scope/limitations  
The goal is to investigate whether it is possible to use Wi-Fi fingerprinting technology as a positioning 

technique for indoor navigation, which relies on the framework of the Open Location Services 

standards, and which does not necessarily utilizes geometric features. The focus is on assessing the 

use of fingerprints as a confirmation tool, which will be incorporated in an application prototype. 

The development of a prototype itself is subject to various factors which have to be taken into 

account, such as building material which will affect the Wi-Fi signal strengths and thus the positioning 

of the user. User profiles ς ŘŜǎŎǊƛōŜŘ ōȅ 9¢{L όнлмлύ ŀǎ ŀ άǘotal set of user-related information, 

ǇǊŜŦŜǊŜƴŎŜǎΣ ǊǳƭŜǎ ŀƴŘ ǎŜǘǘƛƴƎǎέ ƛƴŦƭǳŜƴŎŜǎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ǎŜǊǾƛŎŜ ŀǎ ǿŜƭƭΦ  

Thus, the following objectives have been set for this project: 

Regarding the theoretical contextΣ ƛǘ Ƴǳǎǘ ōŜŎƻƳŜ ŎƭŜŀǊΧ 

¶ Why Wi-Fi technology is being used, and why not other technologies. 

¶ What infrastructural requirements are needed to develop this. 

¶ What the target user and goal of the application should be. 

¶ How it can be possible to build a system. 

Regarding the application development, ŀƴ ŀǇǇƭƛŎŀǘƛƻƴ Ƴǳǎǘ ōŜ ōǳƛƭŘΣ ǿƘƛŎƘΧ 

¶ Its framework shall be based on the OGC Standards for Open Location Services (OpenLS). 

¶ Suits the user profile and goal of the application (including the end visualization and style of 

interaction). 

¶ Includes a method to actively utilize the route confirmation aspect of navigation. 

Regarding the service deployment 

¶ The application will have to be tested and demonstrated on a mobile device, to check if the 

positioning accuracy is acceptable. 

¶ A site survey and positioning model will be carried out. 

The project is carried out in the OTB building in Delft. In particularly, only the ground and first floor 

will be used, to determine if it is possible to navigate in the vertical dimension, and to make sure the 

prototype will work in a relative small area. 

The data and software being used will be dependent on the target area. However, further research 

will be conducted about the database, server and spatial referencing system at a later stage. Yet, the 

proposed platform will be a HTC Desire Z Android 2.2.3 smartphone. 

The scope of the project is limited to Wi-Fi localization technology and its application in an indoor 

location based service. In particular, the focus is on the navigation side, where the question is how 

you can navigate from A to B if A and B are named locations inside a building? This means that 

anything else is beyond the scope and will not be discussed, which includes other possible sensor 

techniques, economic viability and market deployment, privacy matters and an extensive positioning 

accuracy and positioning precision estimation. However, for the latter, an evaluation is proposed, to 

verify and demonstrate the usefulness of the created software. This means it is not the intention to 
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modify existing accuracy and precision algorithms. Finally, inverse indoor positioning, as in placing 

Wi-Fi access points just outside the building to determine the position inside as described by de la 

Roche et al. (2010) has been acknowledged as a possible allocation technique, but is regardless 

beyond the score of this proposal as research in this field is relatively new and a significant 

uncertainty exist in various aspects. More about Wi-Fi functionality is described in chapter 5. 
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3. Research questions 
From the previous chapter, the following main research question has been derived: 

Is it possible to develop an indoor navigation service for a mobile platform, based on the use of only 

Wi-Fi fingerprinting technology and the framework of the Open Location Services standards, but 

without using building geometry? 

From the main research question, the following sub research questions can be posed: 

¶ How can Wi-Fi be used in mobile indoor navigation? 

o This research question addresses the motivation of the chosen localization 

technique/approach. There are multiple techniques possible, but upon answering this 

question, it will become clear why Wi-Fi technology has been chosen in favour of other 

techniques, and how Wi-Fi fingerprinting localization actually works. 

o Part of navigation is the regular check whether the user is still at the right place. This 

assumes a route is present. Route confirmation is a fundamental aspect in this sense. The 

question is how Wi-Fi Fingerprints can handle this. 

¶ How can an existing infrastructure be used and modified for indoor navigation? 

o Creating  a new infrastructure is in the first place considered extremely time consuming 

as the thesis research is constraint by time limits it is not desirable to create it. 

Therefore, minor modifications to the infrastructure are ought to be more realistic, e.g. 

readjusting router access points placements. In the end, it will become clear what 

infrastructure is needed, and how the different components are linked together.  

o This also includes the use of some sort of reference system. Where traditional outdoor 

absolute (x,y,z or ˒Σ˂ΣƘ) reference systems are being used, the indoor environment 

requires a coordinated based scale of detail, hence the outdoor referencing system is 

considered unsuitable. However, a true reference system can be neglected if the 

emphasis is on the fingerprints as a confirmation tool. Since each position has a unique 

set of fingerprints, one only need to know if the receiver is at the right position as that 

has been told. 

¶ How can the creation of an application be possible, without using building geometry?  

o This question features the inclusion of two problems that in general mobile users will 

face, and must be addressed in the creation of the application. 

Á First, the limited accuracy of the position. Even when the position deviates 

significantly from the true position, the question is if this information still can be 

used, and how. How can an application be created without the inclusion of 

building geometrical features, but solely fingerprints? 

Á Second, on a mobile device, smart designing is a key factor as well, since the 

device has limitations in data transfer and data visualization, due to device 

limitations such as screen size and processing time.  

¶ What are the benefits of using the framework of Open Location Service standards in an indoor 

navigation application? 

o It is time consuming to implement an own set of standard procedures. Instead, existing 

standards for open location services from the Open Geospatial Consortium will be used 

upon designing the application, as it contains a large knowledge and expertise base. 
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However, the main question implies that a possible prototype will deviate from using the 

standards themselves. Therefore only the main aspects are probably a guideline upon 

developing a prototype. How does a framework of OpenLS fits into a prototype which 

does not follow the parameters themselves? How can these modified for indoor use? 

Which types are there? Are there already existing datasets and if yes, how are they being 

used.  

¶ How can Wi-Fi fingerprinting determine a location which does not utilize geometric features, and 

how can it be implemented in an application as such? 

o A final question deals with how Wi-Fi fingerprinting can be used as a localization 

technique. Upon surveying, one ends up with a comprehensive database, but how 

exactly can that information being used to reconvert it to location information? 

o As there is no geometry, it is difficult to tell a user to turn left or right as such, since there 

is no orientation aspect. Yet, a route which has been calculated from a node-and-edge 

based network is still suitable for navigation, although the network does not contain any 

coordinates. This means that the importance and usage of a topological network plays a 

key role upon answering this research question. 
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PART I - Theoretical 

framework  
 

Contents 

¶ 4. Sensor techniques 

¶ 5. Localization techniques and fingerprinting 

¶ 6. Navigation 

¶ 7. Open Location Services by the Open Geospatial Consortium 

 

In this part, the pure theoretical contents are described. Chapter four describes several sensor 

techniques which can be used. It elaborates on why Wi-Fi is being used, thus attempting to answer 

the first research question how can Wi-Fi be used in mobile indoor navigation? 

Chapter five continues with the localization techniques, with fingerprinting being the central method. 

Next, in chapter six, the navigational issues are considered. General thoughts of navigational 

algorithms, as well as the necessary equipment and reference systems are included here, which leads 

to an answer of the second research question how can an existing infrastructure be used and 

modified for indoor navigation? 

Finally, in chapter seven, the use of standards is discussed, in particular the standards as set by the 

Open Geospatial Consortium.  
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4. Sensor techniques  
This chapter deals with the sensor techniques. Section 4.1 describes briefly why GPS is not suitable 

for the indoor environment. Section 4.2 continues with alternatives for GPS, while section 4.3 picks 

up Wi-Fi as a technique to be used in this thesis. Section 4.4 closes with a general overview of Wi-Fi. 

4.1. Why GPS cannot be used 
At the moment, Global Positioning System (GPS, or more general: Global Navigation Satellite System, 

GNSS) and the concept of cell identification in the more mobile telecommunication systems (such as 

GSM and 4G) are the most dominant modes of techniques being used to determine the location of a 

compatible mobile receiver in the outdoor world. With the use of those signals, services can be 

deployed, such as retrieving information where a receiver is located. One of those services is 

navigation. 

GPS is suitable for the outdoor navigation, as the navigable spaces are wide enough. The accuracy 

positioning of GPS is between 6 and 12 meters 95% of the time. The problem is that the reception of 

the GPS signals is bad in densely build areas, including the indoor environment. GPS has been 

enhanced in accuracy, but the accuracy positioning is still insufficient indoors, as it cannot solve the 

multipath interference, which is the reflectance (scattering) of the signal via objects (Manodham et 

al., 2008).  This is caused by the requirement of the line-of-sight (LOS) of GPS in order to function. 

When a user is spending time indoors, the GPS signals will not be able to penetrate through 

obstacles. Depending on the material and volume of the object, signals can be completely absorbed, 

reflected, or even when it does penetrate the obstacle, the signal possible come out weaker,  

(Swangmuang & Krishnamurthy, 2008), since GPS requires line-of-sight. Another issue that has been 

mentioned is the high power demand of GPS receivers, and that GPS often behaves unpredictable 

regarding its propagation conditions, with the result that the true location of the user deviates 

significantly than desired (Dovis et al., 2010). Finally, GPS performs poorly in the vertical position. As 

stated above, accuracy between 6 and 12 metres is mostly reached for the outdoor environment, 

which is sufficient for its location based services. Indoor, that same accuracy is not wishful, as 1-2 

metres is needed, to prevent the user to be allocated on the wrong floor, or in the wrong room. The 

3D environment is thus extremely important for indoor location based services. 

If a closer look can be taken on the outdoor navigation services, one can see some discrepancies, too. 

The user usually finds itself at some distance of the modelled environment. It might be possible the 

entire road network is modelled as a large network of nodes and edges with geometry. The 

navigation soŦǘǿŀǊŜ ŀƭƭƻŎŀǘŜǎ ǘƘŜ ǳǎŜǊΩǎ ƭƻŎŀǘƛƻƴ ǎƻƳŜǿƘŜǊŜ ƻƴ ǘƘŜ ƴŜǘǿƻǊƪΦ ¢ƘŜ ŀŎŎǳǊŀŎȅ ƛǎ 

important to provide the user with a list of directions. An accuracy of 10 metres would be sufficient 

ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ŎŀǊ ƴŀǾƛƎŀǘƛƻƴΦ ¢ƘŜ ŀƭƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ǳǎŜǊΩǎ Ǉƻǎƛǘƛƻƴ ƻƴ the network meets the 

requirement, as displayed in the left half of Figure 3. The GPS of the user will not be allocated 

improperly on the road to the south. However in a maze with high walls, and narrow paths, a higher 

accuracy than 6 meters is needed, in order to navigate properly. If the sensor and the service do not 

meet the desired accuracy, both might not be usable at all, as displayed in the right half of Figure 3, 

where the user will be prompted to turn right, while there is no turn at all. One could compare this 

simulation with an indoor environment. The aim is to ensure at least an accuracy of 2 metres to 

navigate the user. 
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GPS is thus unsuitable for the indoor environment. In the next chapter, other sensor techniques are 

being described, with the emphasis on Wi-Fi technology. 

 

Figure 3. GPS positioning on the road and in a maze to simulate indoor navigation 

4.2. Other sensor techniques compared  
Indoor signal measurement is difficult, since the majority of the signals hardly (or cannot) penetrate 

through objects, but are being reflected instead. Other factors that decrease the reliability and 

accuracy includes the hardware of the transmitter, construction objects such as walls and doors, 

including their material, variations in temperature and humidity that might disturb signal strength, 

access constraints due to opening hours or security zones, and human activity (Mehmood et al., 

2010, p. 1220; Lim et al., 2010, p. 406).  

Kolodziej & Hjelm (2006), Manodham et al. (2008), Lim et al. (2010) and Woo et al. (2011) outlines a 

variety of sensor technologies that might be used for localization. Amongst these, Infrared, 

Ultrasound, Radio Frequency Identification (RFID), IEEE 802.11 (Wi-Fi) and Ultra Wide Band (UWB) 

are commonly named techniques. Infrared (IR; and the extended Infrared Data Association, IRDA) 

technology allows easy positioning due to ID matching of devices, but due to its short range and line-

of-sight requirement, it is not a suitable system for localization. Radio Frequency Identification (RFID) 

makes use of tags and readers, which allow fast read/write data communication, but there is no real 

localization and positioning involved. Ultrasound technology, based on emitting sound pulses, is 

using the response time to determine a location, but it cannot countermeasure the problem of 

multipath effects and its weakness to environmental noise. Bluetooth is forwarded as a solution, 

since it is capable of high speed data transfer, within an acceptable range, but since the entire 

network is portable, positioning can be difficult. Ultra Wide Band (UWB) offers fast, low-power and 

large capacity data transfer, and has similar traits as both Bluetooth as Wi-Fi. The advantage is that it 

is capable of very precise localization (near 15 cm) but it is rather expensive. Finally, The IEEE 802.11 

(Wi-Fi) technology of data exchange proves to be the most balanced, as the signal range of around 

30-40 meter indoor is acceptable and its economic viability is stable. The technology is still being 

developed, with the current state of 802.11n reaching up to an indoor range of about 91 m, and an 

outdoor range of 182m (Ibrahim & Ibrahim, 2010). However, the localization accuracy at its current 

state is not sufficient and today there is still research to be conduct regarding which filters should be 

applied. Another weakness is that in larger buildings a large amount of transmitters needs to be 

installed, although the same applies to the other techniques.  
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5ŜǎǇƛǘŜ ƻŦ ŜŀŎƘ ǘŜŎƘƴƻƭƻƎȅΩǎ ǎƘƻǊǘŎƻƳƛƴƎǎΣ ²ƛ-Fi is considered the most attractive alternative to GPS 

for indoor usage, as its range is at a fair level (Ғ 32 m), and Wi-Fi is widely available in many places, 

which saves significantly time and effort in arranging an infrastructure. Nevertheless, it is also 

possible to combine the different technologies in one application. For instance, an application that is 

capable of toggling between GPS, Bluetooth and Wi-Fi at will. However, it is not the goal of this thesis 

doing so, although it might serve as a recommendation for future work. 

A brief summary of the technologies and techniques is shown in Table 1. A full overview is found in 

the annex, Table AP. 1. The allocation techniques, also known as the positioning techniques, are 

further described in chapter 5. 
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Technique Range / accuracy Remarks Allocation meth.*  

(A)GPS Accuracy: 
6.0 m - 10.0 m 

+ Low barrier entry 
- Slow computation and processing time 
- Very susceptible to reflectance and multi-paths 

Trilateration 

GSM / UMTS Range: 
Ғ 35.0 km 

+ Globally available 
- Cell-based accuracy 

Cell-ID 
Signal Strength 

IR Range: 
0.7 m ς 2.5 m 

- Short range of detection limits infrastructure 
- No penetration of materials / multipath 
- Line of sight 
- Signal can be disturbed easily 

Cell-ID 

IRDA Range: 
Ғ 2.5 m 

Same method as IR, yet with higher speed 
 

Cell-ID 

RFID 
Active 
 
Passive 

 
Range: 
Ғ 100 m 
Range: 
1.5 m ς 2.0 m 

+ High-speed response time 
+ Read/write capabilities 
- No communication network 
- No allocation information 

Cell-ID 

Ultrasound Accuracy: 
3.0 cm ς  1.0 m  

- No penetration of materials / multipath 
- Extremely sensitive to environment 

Trilateration 

Bluetooth Range:   
Ғ 100 m 
Accuracy: 
10 m ς 20 m 

+ High speed data transfer 
- Positioning via triangulation (no objects into account) 
- Explicit links between devices required 
- Its mobility also limits positioning and topology 

Trilateration 
Signal Strength 

Ultra Wide Band (UWB) Range: 
Ғ 50 m (cap) 
Accuracy: 
15 cm ς 4 m 

+ Multipath immunity/high precision) 
+ High speed data (nearly 10xWi-Fi) 
- Not everywhere legal 
- Economically expensive 

Trilateration 
Signal Strength 

IEEE 802.11 (Wi-Fi) Range: 
Ғ он Ƴ όƛƴŘƻƻǊύ 
Ғ фр Ƴ όƻǳǘŘƻƻǊύ 
Accuracy: 
1 m ς 5 m 

+ Large scale available over the world 
+ Economical viable 
- High power consumption 
- Slightly multipath susceptible 

Trilateration 
Signal Strength 

Table 1. Overview selection of possible techniques for localization 

Table based on Manodham et al. (2008) and Kolodziej & Hjelm (2006) and Lim et al. (2010). See also Table AP. 1 for a full overview 

*The allocation (positioning) methods are further explained in chapter 5.
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4.3. General background  of Wi -Fi 
Wi-Fi is the common name for the standard framework of a Wireless Local Area Network (WLAN), as 

set up by the 802 committee of the Institute of Electrical and Electronics Engineers. In fact, the 

official name is IEEE 802.11. The commonly standards that are being used are the 802.11b, 802.11g 

and the 802.11n versions. The contents below are based on the IEEE 802.11-2007 document, which 

can be retrieved at their website 

 http://standards.ieee.org/about/get/802/802.11.html. 

4.3.1. Use of spread spectrum  

IEEE 802.11 technology makes primarily use of modulation techniques in the 2.4 GHz industrial, 

scientific and medical radio band (ISM), or in the lesser used 5.0 GHz band. The radio waves make 

use of the spread spectrum modulation technique, which means that the generated carrier waves 

are over the full frequency domain, thus wider than the information signals, as displayed in Figure 4. 

There is a transmitter, usually a router, and a receiver, usually a computer or mobile device. The 

modulation technique for the 802.11 depends on the version being used, as displayed in Table 2. 

 

Figure 4. Normal versus Spread Spectrum 

Image derived from Kessler (2006) 

802.11 Frequency 
(GHz) 

Bandwidth 
(MHz) 

Data rate per stream (Mbit/s) Allowable 
MIMO 
streams 

Modulation 
technique 

 2.4 20 1, 2 1 DSSS, FHSS 

a 3.7, 5.0 20 6, 9, 12, 18, 24, 36, 48, 54 1 OFDM 

b 2.4 20 5.5, 11 1 DSSS 

g 2.4 20 6, 9, 12, 18, 24, 36, 48, 54 1 OFDM, DSSS 

n 
 

2.4, 5.0 
 

20 
40 

7.2, 14.4, 21.7, 28.9, 43.3, 57.8, 72.2 
15, 30, 45, 60, 90, 120, 135, 150 

4 
4 

OFDM 

Table 2. Properties of IEEE802.11 protocols 

Source: IEEE (2011) and Wi-Fi Alliance (2009) 

The original 802.11 and subsequent 802.11a are no longer in use today. The original 802.11 made 

use of Infrared technology, the Frequency Hopping Spread Spectrum (FHSS) or the Direct Sequence 

Spread Spectrum (DSSS), but was rather slow due to its low data rate. The 802.11a has become 

http://standards.ieee.org/about/get/802/802.11.html
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obsolete as well, because the signals of the Orthogonal Frequency Division Multiplexing (OFDM) 

modulation technique at the frequency of 3.7 GHz and 5.0 GHz could not penetrate well through 

walls, despite their higher frequency and their higher data stream.  The 802.11b and the 802.11g are 

nowadays commonly used protocols, again operating at the 2.4 GHz frequency, knowing that 

interference with appliances in the same frequency (such as microwaves and Bluetooth) still occurs. 

Using the DSSS at this frequency ensured a reliable working. The main differences between the b and 

the g protocols are the levels of data rates, and the modulation techniques of OFDM in addition (yet 

instead of the 3.7 or 5.0 GHz level, at the 2.4 GHz level). Finally, the 802.11n was based on prior 

protocols, and by allowing multiple input multiple-output antennas (MIMO) (Wi-Fi Alliance, 2009; 

IEEE, 2011). This means that more than one transmitters and receivers are being used to increase 

capacity. 

The Frequency Hopping Spread Spectrum (FHSS) is the transmitting of radio wave signals that 

constantly change between the frequencies. For the originally IEEE 802.11, this was less suitable, 

even though the security is rather high, because it is hard to intercept these. 

Both the 802.11b and 802.11g make use of the DSSS modulation technique, with 802.11g also 

capable of using the OFDM technique. The 802.11n explicitly uses the OFDM, also at the 2.4 GHz. 

In DSSS, waves are being send, a pseudo noise (PN) code symbol (a chip) is being transmitted, which 

is shorter and faster than an information bit. The data transmissions are being multiplied with a noise 

transmission, which is a sequence of 1 and -1 values, at a frequency higher than the original signal. A 

receiver can use the same PN sequence to reconstruct the data signals. This is displayed in Figure 5. 

 

Figure 5. DSSS messaging 

Image derived from Kessler (2006) 

OFDM for 802.11 divides the 2.4 GHz band in 14 channels, each with a width of about 20-22 MHz 

wide, and 5 MHz apart. Not all channels are available (legal) in each country, such as the 14th 

channel, which is only available in Japan. In Figure 6, an example is provided. Within that channel, 

conventional data is being sent. The advantage of this technique is that it can switch to other 

channels in case problems are detected that interferes with the signal, such as Bluetooth or 

microwaves due signal loss despite being closely located to the access point. Most importantly it is 



M S c  T h e s i s  I n d o o r  N a v i g a t i o n  w i t h  W i- F i  F i n g e r p ri n t i n g  | 30 

 

possible to use overlapping channels for signal transmittance, countering selective fading unlike the 

case being for a single channel (Intini, 2000). 

 

 

Figure 6. Channels of the 2.4 GHz for OFDM 

Image derived from Intini (2000) 

4.3.2. Frames / layers  

The signals that 802.11 broadcast, contain frames, or also called layers. Each frame contains a 

Multiple Access Control (MAC) address. In combination with the received signal strength, expressed 

in dBm, it is possible to estimate how close an access point is. The IEEE 802.11 documents specifies in 

great detail what the wide array of the exact contents. The Wi-Fi Virtual Laboratory led by Thomas 

Sturgeon (2011) graphically explains briefly what a signal contains, as displayed in Figure 7; while 

Intini (2000) explicitly visualize the coding in Figure 8. 

For Wi-Fi Fingerprinting, the only information that is required is the information in the management 

frames, since the signals are only being used to determine a location, and not to transfer data. 

Fingerprinting is described in the next chapter, among other techniques. 

 

Figure 7. Frames of a 802.11 signal 

Screenshot taken from the Wi-Fi Virtual Laboratory (Sturgeon et al., 2011) 
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Figure 8. 802.11 Frames and its coding 

Source: Intini (2000) 

4.4. General strengths and weaknesses  
Wi-Fi system is low-cost and low-entry: Wi-Fi access points are nowadays widely available. The main 

strength is that it is able to partly penetrate through objects. However, some weaknesses are the 

security (easy to intercept, unless further encrypted) and interference with other applications in the 

same frequency, such as Bluetooth and microwaves, although this depends on the channel being 

used in the case of OFDM.  Limited data bandwidth is considered another limitation: Lim et al. (2010) 

for example noted the decrease of data transfer speed and bandwidth during office hours. In Table 3, 

a summation of the SWOT analysis can be found. 
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SWOT Aspect Remark 

Strengths 1. Low-cost and low-entry 
 

2. Able to penetrate walls in where 
GPS fails 
 

3. In available spaces, fairly good 
available signal strengths 

4. Specific location fingerprints 
available. 

1. Widely available at affordable 
prices 

2. Although effect is depleted 
after thick layers, such as thick 
concrete walls 

3. Due to multi-path, good signal 
differentiation; up to 100m 

4. Coverage of entire building, if 
access points are well placed 

Weaknesses 5. Susceptible to variations in signal 
strength due to time 

6. Earthbound based, requires more 
infrastructure 
 

7. Multi-path influenced by present 
objects 
 

8. Might interfere with other 
appliances in the 2.4 GHz ISM 

9. Site surveying and registering 
time consuming 
 

10. MAC address related ς prone to 
changes 
 

11. Security is weak  
12. Speed decreases with traffic 

5. A recorded fingerprint cannot 
exactly be reproduced 

6. For fingerprinting, more access 
points are needed, unlike 
satellite based 

7. The more objects there are, the 
more differentiated the 
fingerprints will be 

8. For example Bluetooth and 
microwaves 

9. Must be repeated for interior 
and movement changes, and for 
each building 

10. If system fails, or when access 
point fails, MAC cannot be 
used. 

11. Only applicable to data transfer 
12. Only applicable to data transfer 

Opportunities 13. Fingerprinting does not require 
geometric surveys 

14. Fingerprinting only necessary at 
selected places 

13. Time and effort can be saved on 
mapping 

14. It is not necessary to measure 
every n meter; only at places 
with important topological 
meaning or at least where 
fingerprints look different. 

Threats 15. Bluetooth (BT) or Ultra Wideband 
(UWB) might overtake Wi-Fi for 
positioning 

16. Privacy related elements might 
block registration of MACs and 
thus fingerprinting 

15. BT rather stable, UWB powerful 
in better catering multi-path + 
better range. 

16. Issue of registration of private 
MACs ς limitation to public 
buildings only 

Table 3. SWOT analysis of Wi-Fi and Wi-Fi Fingerprinting 
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5. Positioning techniques  
In the various literature studies, the word localization is being used to determine a position. 

However, in this research the term allocation (method) is being preferred, since it does not explicitly 

refer to an absolute or relative location, unless stated otherwise. See also the terminology at the 

beginning of this thesis research. 

5.1. Five techniques   
Different methodologies based on signal metrics can be used to allocate devices. Although there are 

more allocation techniques available, Woo et al. (2011), Zhang et al. (2010) and Kolodziej & Hjelm 

(2006) distinguished five main methods, using: A) Cell Identification, B) Angle of Arrival 

(triangulation), C) Time of Arrival (trilateration), D) Time Difference of Arrival and E) Received Signal 

Strength Categories, also called Fingerprinting.  

A) With Cell Identification (Cell-ID), transmitters (or: access points) are dividing an area in tiles, or 

cells. Within those cells, the receiver can be detected. However, this method is imprecise, 

because it is hard to determine where in the cell the receiver can be spotted. 

B) The Angle of Arrival (AOA) determines the position of the user by measuring the angle towards 

the receiver from the transmitter (Woo et al., 2011). The transmitters must be capable of 

calculating such information. This can be done with directional antennae. Yet, the method is 

unreliable, since it is prone to multi-paths, plus it requires the line of sight to detect the receiver, 

which is hard to counter in the harsh indoor environment (Zhang et al., 2010; Kolodziej & Hjelm, 

2006). In the extension of the AOA, triangulation can be done to map an entire region, based on 

the angles. 

C) Time of Arrival (TOA) measures the exact distance by using the travel time of the signal from the 

transmitter to the receiver. Using the equation R = time x speed, where speed is a constant, only 

time needs to be measured to determine the exact location R (Zhang et al., 2010). However, in 

order to get more accurate results, synchronization of the receivers is needed.  

D) TOA requires synchronization of both transmitters and receivers, whereas the Time Difference of 

Arrival (TDOA) requires synchronization of the receivers (Woo et al., 2011). Both methods belong 

to the trilateration group, as it involves the intersection of the radii of the transmitters (Zhang et 

al., 2010).  

E) Lastly, the Received Signal Strength (RSS), also called fingerprinting, where a radio map is being 

created. There is an offline and an online phase, also called the training phase and tracking 

phase. The offline phase of fingerprinting is determining the signal characteristics of a given point 

and storing it in a database. The online phase is picking up the signal characteristics and 

compares it with the database, so that the place can be determined. Ideally, a filter is needed to 

increase the positional accuracy and estimations of the locations, even though the reflection and 

absorbance of the signals have been taken into account (Kolodziej & Hjelm, 2006; Woo et al., 

2010).  

Figure 9 presents an overview of the localization techniques mentioned. Figure 10 presents a more 

comprehensive illustration of the offline phase of fingerprinting. In the online phase, the device 

attempts to match the signal characteristics with its position and is in this way able to determine 

where it is located. In the next sections, the emphasis is on fingerprinting as a technique. 
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Figure 9. Allocation methods 

Illustrations are based on Woo et al. (2011). 
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Figure 10. An example of fingerprinting 

Based on Woo et al. (2011). This is a pure theoretical illustration; in reality the signal strength distribution heavily depends 

on present objects, and overlapping coverage areas. In this figure, only the radio maps of access points A and D are 

displayed; in reality all radio maps together form one overview. As can be seen, this placement of Wi-Fi access points might 

not be the most efficient one. 

5.2. Fingerprinting  elaborated  
Recent studies (Jan et al., 2010; Lim et al., 2010; Yim, 2008) have shown that fingerprinting is a 

fundamental method of indoor allocation, even though the level of accuracy is not at its desired level 

of approximately 2 metres, because of its relative robustness to handle multi-path effects. Still, 
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various challenges exist. As soon as objects have moved (which includes the presence of peoples), 

the fingerprints might alter. In addition, the timestamps of the received signal strength (RSS) is not 

constant over the day. In public buildings for instance, the RSS is about 5 dBm less during office hours 

(from approximately 9 am to 6 pm), which could influence the fingerprint database, but not too 

much (Lim et al., 2010), since the data layer of Wi-Fi is needed. In order to create a fingerprint 

database, one must be able to log the signal strengths throughout the entire building, with the help 

of data logging services (Dawes & Chin, 2011). That might cause problems in case of sealed off zones.  

Various studies have introduced different filters for improving positioning on maps directly. Yim et al. 

(2010) used an extended Kalman filter to improve the accuracy of the Wi-Fi positioning during the 

offline fingerprinting phase. The Kalman filter basically reduces the noise in locational determination. 

However, the use of Kalman filters is disputed by various authors. Chiou et al. (2009) developed an 

alternative method for fingerprinting, which is called adaptive positioning but it still makes use of the 

Kalman filter. Jan et al. (2010) suggested that a particle filter would be better instead of a Kalman 

filter, since a Kalman filter is a linear model, suitable for linear environments. However, the real 

world is usually not a linear build environment. Jan et al. (2010) and Dawes & Chin (2011) however 

found out that Bayesian map matching algorithms have difficulties in environment with high variable 

transmitters and fingerprinting (RSS) values. They also showed that in the same fingerprinting phase, 

the accuracy is highest, when nearest neighbour filters are applied. The nearest neighbour assumes 

that a specific point that has to be measured is most likely similar, or at least close in value, to the 

most nearby points, depending on the weight (Roos et al., 2002). 

An extensive offline/training phase will be carried out in the study area, and after that, the 

online/tracking phase will be tested for its accuracy. This will be taken into account for the evaluation 

of the application, as the user allocation will be used for the navigation. It is not the goal of the 

research to fully assess the accuracy of Wi-Fi fingerprinting, however. As a final remark, it is possible 

to determine signal strengths in the vertical position as well. If the router is attached to the ceiling, 

the received signal strength is a bit weaker near the floor. However, since it is unlikely for persons to 

keep their receiver at near 2 metres or at 0.1 metres above the floor, this research will only conduct 

a survey at the height of near 1 metre, which should be the height of the users to keep their phone in 

their hands. In addition, since it is not the aim of the study to enhance positioning accuracy (instead, 

localization is considered), a real map matching does not take place. 

Due to high variations in signal strengths caused by multipath, the fingerprint database needs to be 

updated frequently, and it might be reproduced for a variety of devices, since a high-end Wi-Fi 

receiver perceives signal strengths to be stronger than low-end Wi-Fi receivers. 

5.3. Building constructions influencing fingerprinting  
As already pointed out, GPS suffers significantly from radio wave propagation (Jan et al., 2010). 

Signals are unable to penetrate buildings, and even if they do so, the signal strength significantly 

decreases. Although Wi-Fi belongs to the same category of frequency, the UHF (Ultra High 

Frequency, which is between 300MHz and 3 GHz), Wi-Fi is better able to cater the propagation as it is 

in the higher, longer range of the frequency: Wi-Fi at 2.4 GHz (although 802.11n is capable of using 

the 5.0 GHz band) and GPS L1 on 1.5-1.6 GHz and L2 on 1.2 GHz (Ibrahim & Ibrahim, 2010). 

This does not mean it can perfectly handle this problem. Not only intensive use of the access point of 

Wi-Fi influences the signal strength, and thus fingerprinting, but so does the building constructions. 
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Klukas et al. (2004) studied the effects of building materials on the UHF signals and found evidence 

aluminium tissues and concrete, cinder block objects interferes the signal strength: a loss of 10-15 

dBm for aluminium objects and even 20-26 dBm for cinder block objects. This is in contrast of the 

plywood and gyprock, where in both cases a power loss of between 0 and 2 dBm was found. A 

combination of the latter two materials resulted in moderate power loss of 5-10 dBm. This temporal 

aspect has been left out: in theory, an object can receive a signal via the line-of-sight (directly), but 

also via reflectance of other objects (indirectly). In this case, the receiver did receive a signal, but it 

was either delayed (indirect signal) or it was a weaker signal (direct signal). 

In addition, Ibrahim & Ibrahim (2010) found out that the signal strength also sharply drops after a 

distance of 20m. This means that, regardless of the building construction and materials used, the 

placement of the Wi-Fi access points should be placed at a proper distance from each other, to 

ensure the fingerprinting results will not be heavily influenced (prone to alterations) by 

misplacements. Combined with the signal propagation as described by Klukas et al. (2004), great care 

has to be taken as well for the placement next to specific types of walls or ceilings as such. In Figure 

10 for example, the walls of the elevator shaft might contain a thicker coating than normal, resulting 

in lower signal strength. 

5.4. Using signal strengths to locate  
The fingerprinting method itself is not new, as various (MSc) researchers have tried to use various 

filters upon location detection directly projected on maps, and at each possible location. Mostly, 

attempts have been made to calibrate the position in the indoor space. Lee (2007) addresses the 

paradigm of fingerprinting by converting discrete signal strength values to continuous values and 

implements  various probabilistic filters to increase location determination for constant tracking at 

each single space.  De Koning (2010), albeit with GSM signals outdoors instead of Wi-Fi signals 

indoors, first correlates signal space with Euclidean space and  implemented variations on the 

weighted nearest neighbour filter, to retrieve location information. Yim et al. (2010) proposes a 

similar combination with weighted nearest neighbour filters and trilateration, but concludes that an 

extended Kalman filter would provide better results.  

Milioris et al. (2010) proposed an analysis in which the distances in terms of signal strength of the 

training phase were compared with the tracking phase, and in addition, a multivariate Gaussian filter 

has been used to do so. Although attempts have been made to calculate mean errors, the idea of 

comparing them with each other itself is sound. Finally, Shum et al. (2011) have chosen a method to 

determine positions without filters, also by comparing differences in signal strengths in the training 

and tracking phases, but then apply a least sum of square methods, which has been regarded very 

promising. 

In this thesis project and prototype, a similar approach to Shum et al. (2011) has been chosen, as 

with the lack of geometry, no direct map matching algorithms can be implemented, resulting in the 

fact that no filters, such as the Kalman or Weighted Nearest Neighbour, can be used. In addition, it is 

not the aim to pinpoint exact locations of the entire space, as it is assumed that locations which are 

very close to each other have similar fingerprints. This is why locations have been chosen and 

recorded, in which the fingerprints can be clearly distinguished from each other, as that was the 

assumption of Shum et al. (2011) similarly. However, the text format outputs being provided, can be 

geocoded into real world coordinates. To do so, two methods have been proposed: a count method, 
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which only counts the number of matches, and a least sum of squares method as proposed by Shum 

et al. (2011). These methods have been chosen in the first place because there is no map matching 

which implies there is no need in exact positioning, and in the second place to underline the 

simplicity of the application. These two methods are described and compared in chapter 16.3. 
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6. Navigation  
In this chapter general theory about navigation and its required infrastructure are described, which 

includes the general thoughts about navigation (6.1), as well as the importance of certainty and route 

confirmation (6.2), algorithms (6.3), required infrastructure (6.4), and spatial referencing (6.5). 

6.1. What is navigation?  
άbŀǾƛƎŀǘƛƻƴ ƛǎ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ƳƻǾŜƳŜƴǘ ƻŦ ŀ ŎǊŀŦǘ ƻǊ ǾŜƘƛŎƭŜ ŦǊƻƳ ƻƴŜ 

ǇƭŀŎŜ ƻŦ ŀƴƻǘƘŜǊέ ς Bowditch. 

This statement from Nathaniel Bowditch (2002) is still applicable. Navigation can also be described as 

going from source A to destination B, while knowing where you are from, what to expect on your 

way, while being in motion from source to destination (or differently said: while the source is moving 

towards a fixed destination). It assumes that a start and destination is known, and that one has to go 

from start to destination via a certain path. Present-day navigation is no longer solely based on the 

position of human interference with the eye line-of-sight such as in watch towers, celestial processes 

or dead reckoning. Today, navigation can be fully done without the use of any direct human 

interference, such as radio, radar and satellite navigation. As with these modern navigation 

techniques, going from A to B itself is no longer the main subject, but the question is rather how one 

should going from A to B and how one would retrieve information along the way. The aspects of 

monitoring and controlling is very important, with a rapid emerge of applications which utilizes 

navigation for information, ranging from tracking and tracing parcels, to chip-tagged products leaving 

unauthorized a shop (resulting in ringing alarms at the front gate of that same shop). In short, 

navigation requires information on: 

¶ Where the user is (start location); 

¶ Where the user would like to go (destination), which can be queried from an address, coordinate, 

points of interest, or a combination. This is strongly related to the use of user profiles to steer the 

end user; and 

¶ How the user should go from start to destination: the information of the navigation itself, as well 

as information along the way, such as the availability of an ATM, depending on the user 

preferences and user profile. This is the path, and can be configured according to the wishes of 

the end user, such as the shortest or fastest path. 

6.2. Navigation principles  

6.2.1. General principles  

In order to perform a navigation service, a start point, an end point, the navigable space (the 

network), (re)orientation and directives are required. All locational information between start and 

end point can be used for this desire, such as attributes of the start and end point which can be 

queried, fastest or shortest route (although pedestrian routes do not differ much regarding this 

aspect, unlike motorized transport, since the velocity of the walking user is usually constant), 

characteristics of the route in-between and its orientation. All of these sets need to be modelled 

somehow.  Kolodziej & Hjelm (2006), mention the fundamental inclusions of the following 

procedures: 

¶ Input module for start and destination of user; 
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¶ Route database with positions and connections (route network map); 

o Topology and structure is coupled to this route database; it is not absolutely necessary to 

have coordinates, however. 

¶ Route calculation module, using the route database ŀƴŘ ŀƭƎƻǊƛǘƘƳǎ ǎǳŎƘ ŀǎ 5ƛƧƪǎǘǊŀΩǎ ǎƘƻǊǘŜǎǘ 

path algorithms; 

¶ Presentation of the route guidance (list of directives). 

As soon as a route has been calculated, a list of directives and a map can be constructed. The route 

will be dependent on what the profile and wishes of the users are. For instance, the user is a guest in 

a large power plant, and cannot enter all zones due to security restrictions. Another example is 

disabled person, who can only take the elevator. This will clearly influence the route. Either way, the 

application has to keep track in which phase the user is currently at. Kolodziej & Hjelm (2006) 

approach this in such way, that each directive in the list has a start and an end; as soon as the end 

has reached, the directive will be removed from the list, and the next directive will start. This will 

continuously loop, until the destination has been reached. 

6.2.2. Certainty and route confirmation  

Indoor, the user has a wide array of recognition points available. Since the indoor environment is 

very detailed, the user easily passes his destination or important turns, the user cannot constantly 

watch his mobile screen for confirmation. The user wants to have a level of certainty.  

In navigation, one fundamental technique is to check whether the user is still at the assigned route. 

The receiver will pass through certain points and if the position matches the predicted point, 

confirmation is being sent to the application the user is on route. If this is not being the case, a 

recalculation has to take place. In this thesis, the fingerprints can be considered as such check points. 

6.3. Navigation a lgorithms  
The navigation itself is calculated via navigation algorithms, with various optimizations, such as the 

shortest, fastest or cheapest route. In order to implement a navigation algorithm, the navigable 

space needs to be converted to a graph, compromised with nodes and edge, along with its topology. 

In a study of shortest path algorithms, Lu & Lai (2006) ŎƻƴŦƛǊƳŜŘ ǘƘŜ ǊƻōǳǎǘƴŜǎǎ ƻŦ 5ƛƧƪǎǘǊŀΩǎ ǎƘƻǊǘŜst 

path algorithm, even though the shortest routing depends on the structure of the road network. The 

paths that are possible in a building are not much different. Even though there are no large physical 

entities hindering, such as rivers or mountains, the buildings structure influences the travel time. A 

building with two dead ends like structure does not contribute to a short path availability. See also 

annex B.1. for background on pedestrian movements. 

6.4. Navigation infrastructure  
For indoor navigation utilizing Wi-Fi fingerprinting as a positioning technique, it is required there are 

multiple access points, or Wi-Fi routers, are available. In the study area (the OTB building in Delft), no 

changes will be made to the placements of the routers, as in reality, not always precise coverage 

occurs, despite it is desirable to do so.  Each access point is designated with a Media Access Control 

(MAC) Address, thus having unique transmitters. Those can be used to determine the position. 
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6.5. Spatial referencing  
A spatial referencing system is needed to properly maintain the locations of the various entities. 

άRoom 329έ might be on the third floor in an educational institute, but in a large, single level hotel 

complex this is not the case. Positioning can be done absolute (positioning of the user is relative to a 

reference position) or relative (user depends his location on other objects nearby) (Kolodziej & 

Hjelm, 2006). 

In the outdoor navigation, a simple absolute referencing longitude-latitude is sufficient for the user, 

although the user would prefer a relative referencing system, such as a street with a house number, 

or a system which supports map backgrounds in which the user can recognize objects. Especially in 

the indoor environment, the 3D aspects should not be neglected, which is why a position accuracy of 

2 metres should is desirable. Multiple objects can be on the same horizontal dimension, yet on a 

different vertical dimension. Proper geocoding (x,y,z) is thus necessary for each space. With this 

context, cell ID positioning (absolute) as shown in Figure 9A (page 34), is most likely. A coordination 

or reference system can be added to each access point, or to each floor, as access points on the same 

floor usually have the same z-value. The only thing that is required is a switch between the reference 

systems. However, cell ID positioning is rather inaccurate, since it does not tell where exactly the 

user within the cell is located. Reference positioning in the form fingerprinting as described in the 

previous chapters, is a welcome solution instead, since the accuracy is higher. Even though the 

positioning algorithms are not yet at the desired shelf-like level of accuracy, the deviation of two 

meters is still considered to be useful, as the user is still able to navigate properly. 

Kolodziej & Hjelm (2006), mention that in reality, relative referencing is better understandable. Going 

right or left is in a humans mind easy to understand, unlike going west or east, as one usually does 

not have a clue what the orientation is. The same applies to the positioning: building A, wing B, room 

2.10 (second floor) prevails over position (35.629535, 139.879818; Figure 11) in the human 

perception. In this context, it is possible to make a set of geocodes from the components of the body, 

so they can be distinguished from each other, but it is required to recode them again for the end 

product. This means that spatial referencing will be mostly done relatively.  
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Figure 11. Position (35.629535, 139.879818): Bayside Station, Tokyo, Japan 

Source: Google Maps (2011) 

The signal strengths of the fingerprinting can be used as a standalone, relative reference system. 

Each fingerprint has its own location. A position can then be assigned to that location. A reference 

location (0,0,0) can be assigned to one corner of the building, or perhaps even a little bit outside the 

building. The exact locations can be recoded to relative positioning parameters, such as 

<building>.<wing>.<floor>.<room>. Since the goal is to allocate a user using this method, we speak of 

localization instead of positioning (see Terminology). More about not using an absolute reference 

system (and geometry) is being discussed in chapter 12. 
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7. Building an application using standards  
An application will be made on a smartphone, which should be able to connect via 802.11/Wi-Fi in 

the first place. The application shall be installed on a HTC Desire Z device, which uses the Android 

2.2.1 Operating System. It is possible to build an application according to existing frameworks. In this 

thesis research, the aim is to make use of the framework of the Open Location Services (OpenLS) 

from the Open Geospatial Consortium (OGC). 

The OGC has standards for mobile applications which uses a GeoMobility Server, which is a service 

on a server, where applications can request various services and obtain responses which can be used 

in applications. The GeoMobility Server is capable to produce maps and routes, as well as accessing 

other databases via the Internet. GeoMobility makes use of the following five core services (OGC, 

2008a): 

1. Directory Services (what do you want to find, and where is it located?) 

2. Gateway Services (the localization of the user on the service/network)  

3. Location Utility/Geocoding Services (the transformation of a location in readable parameters, 

such as from address to longitude/latitude in decimal degree and vice versa) 

4. Presentation Services (the visualization of the results on the device) 

5. Route/Navigation Services (the navigation from origin to destination) 

The parameters and attributes of these services are described in the OGC document OpenGIS 

Location Services (OpenLS): Core Services. However, most of these parameters require the presence 

of geometric maps and (by default WGS84) coordinates. As maps are not present in the intended 

application, only the framework of the GeoMobility Server OpenLS can be useful, in the sense they 

provide a structure on which services should be present in an application, and how they are 

interrelated: the same services can be utilized, but with different parameters. 

For navigational purposes, the OGC (2010) recommends that at least three factors should be present 

in the model, and therefore the application:  

(1) localization technique and localization infrastructure, which has been discussed in the chapters 5 

and 6,  

(2) mode of transport (walking; elevators only etc.), by using user profiles (to be discussed in chapter 

10) and  

(3) navigation constraints, partly resulting from data and modelling issues, as well as spatial 

referencing, which has been discussed in general in chapter 7, and will be further discussed in 

chapter 14. 

 From these three components, the navigation engine can be carried out.  

In the next part of this thesis research, the Open Location Services are being described in more 

detail, along with how it shall be implemented in this project.  
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Conclusion Part I  
How can Wi-Fi be used in mobile indoor navigation? 

The IEEE 802.11 technology is synonym to wireless internet, also called WLAN (Wireless Local Area 

Network) or Wi-Fi (Wireless Fidelity). The technology makes use of the 2.4 GHz Industrial, Scientific 

and Medical band, and uses spread spectrum modulation. In the transmittance of Wi-Fi, multiple 

layers are being broadcast. For Wi-Fi fingerprinting, only the header of the power management layer 

is necessary, which contains information about the header information, and the signal strength. Wi-Fi 

is already widely available and installed in many public and private buildings.  

Fingerprinting is the process of position determination, using the received signal strength at one 

point. This can be stored for each point, at given heights, although in this research only the height of 

about 1 metre above the floor is considered. Once collected in a database, the application can check 

at which position the receiver is, and thus position the user. A major drawback of fingerprinting is 

that it requires extensive surveying, and that multi-paths works too efficient, since human bodies and 

closed doors are intervening the path of the signal strength characteristics. 

An important aspect of navigation is the confirmation of the user being at the route. If the user gets 

confirmation, the user can continue to follow his route. If not, an alternative route needs to be 

calculated. The fingerprints can be considered as check points, in which this thesis will elaborate in 

the next chapters. 

How can an existing infrastructure be used and modified for indoor navigation? 

Indoor navigation is different than outdoors, since pedestrians usually do not vary too much in 

speed, making the shortest path also the fastest path. In addition, absolute positions such as (long, 

lat) are unsuitable for indoor navigation, as the level of detail is different, although these details still 

can be used for maps once the indoor locations are being geocoded. New reference systems with a 

(0,0,0) can be used at the background, while they remain unknown to the user. Relative reference 

systems are for better use, such as <building>.<wing/section>.<floor>.<room>, in a logical order and 

sorted. These differences from outdoor navigation are the most important directives for indoor 

navigation. We then speak of localization, as we use a relative position, instead of an absolute 

position.  

Applications can be built based on the Open Location Standards (OpenLS) set by the Open Geospatial 

Consortium (OGC). A navigation service can be developed around directory services, gateway 

services, geocoding services, presentation services and navigation services. In this research, the 

gateway service is strongly connected with the Wi-Fi technology and fingerprinting positioning. 

Information about what is available in the indoor environment can be found in the directory services, 

and geospatial queries can be combined with it, as soon as that information is geocoded according to 

the geocoding services. The navigation service can thus start if these are combined. The final 

visualization or presentation is being described in the presentation services, in which another 

important aspect needs to derive from outdoor navigation: indoor navigation requires much more 

detail. Hence, a different approach is needed for the final visualization, especially since the 

navigation also comes on a small screen, where normal cartographic rules differ from large screen 

maps or paper maps.   
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PART II - Theory and 

application  
 

Contents 

¶ 8. The user involved ς user profiles  

¶ 9. User allocation: gateway services 

¶ 10. Input: Directory services and geocoding services  

¶ 11. Modelling and attributes ς processing and modelling the indoor space 

¶ 12. Processing visualization 

¶ 13. Navigation services as output 

¶ 14. Architecture 

 

In this second part, theory and application are made concrete. This part focuses on the application of 

theory within the to be developed prototype. With the Wi-Fi technology and fingerprinting methods, 

a navigational application can be created, with the use of the OGC Framework for Location Services.  

First, in chapter 9, one must know what the target user is, what one can do and what one can expect. 

As soon as these user requirements are known, one can further develop the application. In chapter 

10, the link between the sensor technology and the application is made. In terms of OGC Location 

Services, this includes the gateway services. Thus in chapter 11, the directory and the geocoding 

services are addressed, to make sure fundamental information can be queried and stored. It is 

important where the points of interests are. The uniqueness of this project is that it does not use 

building geometry for navigation and the indoor modelling. Chapter 12 emphasizes this aspect. 

Chapter 13 continues with the presentation and visualization of the before mentioned contents. 

Chapter 14 deals with the core service of navigation itself, and its extensions. Finally, chapter 15 

altogether displays the architecture, which includes the functional and technical design, emphasizing 

all chapters. 

In the end, the research questions how can the creation of an application be possible, without using 

geometry? And what are the benefits of using the framework of Open Location Service standards in 

an indoor navigation application? can be answered. 
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8. The user involved  
Upon building an application or product, it is important to know what your target user is, and what 

the user would like to do with it. For instance, it does not make sense to provide directions along 

motor highways if your user is a pedestrian. Creating an application is not any different. This is why 

there is a variety of location based services available on the market, which utilizes various sensor 

technologies: from trackers to navigators, from compasses to tagging software. It allows applications 

to become flexible, as it adapts itself to the user preferences. 

8.1. User profiles  
Lǘ ƛǎ ŀƭǎƻ ǇƻǎǎƛōƭŜ ǘƻ ƛƴǎǘŀƭƭ ŀ ƳƻŘǳƭŜ ƛƴ ŀƴ ŀǇǇƭƛŎŀǘƛƻƴ ǘƘŀǘ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǊŜŎƻƎƴƛȊŜǎ ǘƘŜ ǳǎŜǊΩǎ Ƙŀōƛǘǎ 

and characteristics each time the application is being used. The aim of such automated modification 

is to serve the user by supplying information that will most likely pique the interest. Examples are the 

ŎǳǎǘƻƳƛȊŜŘ ŀŘǎ ƛƴ DƻƻƎƭŜΩǎ DƳŀƛƭΣ ǿƘŜǊŜ ŀŘǾŜǊǘƛǎŜƳŜƴǘ ƛǎ ŎƭƻǎŜƭȅ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǳǎŜǊΩǎ Ŝ-mail 

ŎƻƴǘŜƴǘǎΦ ¢Ƙƛǎ ƛǎ ōŜƛƴƎ ŘŜǎŎǊƛōŜŘ ŀǎ ǳǎŜǊ ǇǊƻŦƛƭƛƴƎΦ ²ǳ Ŝǘ ŀƭΦ όнллфύ ŘŜǎŎǊƛōŜǎ ǘƘƛǎ ŀǎ άǘƘŜ 

charaŎǘŜǊƛǎǘƛŎǎ ŀƴŘ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ƻŦ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǳǎŜǊǎέ ōŜƛƴƎ ǳǎŜŘΣ ŀƭǘƘƻǳƎƘ ǘƘŜ 9ǳǊƻǇŜŀƴ 

Telecommunication Standards Institute (ETSI, 2010) better describes user profiling as a module 

άǿƘƛŎƘ ŦƻǊƳŀƭƭȅ ŎŀǇǘǳǊŜǎ ǘƘŜ ǳǎŜǊ ǊŜǉǳƛǊŜƳŜƴǘǎ όǇǊŜŦŜǊŜƴŎŜǎύ ώΧϐ ŀƴŘ ŘŜǇƭƻȅǎ ǘƘƻǎŜ ǇǊƻŦƛƭŜǎ ώΧϐέΣ 

ŎƻǾŜǊƛƴƎ ŜȄǇƭƛŎƛǘƭȅ ǳǎŜǊǎ ŘŜǎƛǊŜǎΦ ¢ƘŜȅ ŀǊŜ ƎƻƛƴƎ ŜǾŜƴ ŦǳǊǘƘŜǊΣ ōȅ ŘŜŦƛƴƛƴƎ ǳǎŜǊ ǇǊƻŦƛƭŜǎ ŀǎ ŀ άǘƻǘŀƭ ǎŜǘ 

of user-related information, preferences, rules and settings, which affects the way in which a user 

experiences terminals, ŘŜǾƛŎŜǎ ŀƴŘ ǎŜǊǾƛŎŜǎέΦ User profiles are different from user requirements, as 

user requirements involves the desire of user in technical fashion in the development of the product, 

rather than the adaptability of user profiles in the actual usage of the product. 

8.2. User needs in this project  
In this project in particular, the goal is to guide a person in a public building with its mobile device 

from the entrance to a given destination.  

The aim in this project regarding user profiles, is to develop such module within the application at a 

simple level, id est storing the information that is being inserted, so that in future events the 

application is able to predict what settings the user most likely wants. From the final definition the 

ETSI gave, (1) personal information, (2) human centred preferences, (3) service related information 

and preferences (specific information-feed for the service) and (4) device related information and 

preferences, all belong to the user profile. Ultimately, it is desirable to create an application that is 

able to read device information, making the application suitable for a multitude of platforms, but in 

this project this will be limited to the capabilities of the Android 2.2.3. HTC Desire Z device, since it is 

the test bed. This results in the focus of user profiling in the user personal information, preferences 

and service preferences.  
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Figure 12. User profiles defined by ETSI (2010) 

8.2.1. Personal information  

In this project, the person is modelled with the following properties (see also Usher & Strawderman, 

2010, for extensive research on characteristics on pedestrians): 

¶ The user has limited information about the indoor environment. 

This means that the output of the application should compromise clear descriptions and overviews 

about what to do. 

8.2.2. Human centred preferences  (requirements)  

The following characteristics will co-determine the application regarding the preferences of the user 

¶ The user is provided with a simple overview of how the application should work. 

¶ The user wishes to get directions to walk towards the destination. 

¶ The user wishes to get confirmation whether the user is on route or not. 

8.2.3. Service related information and preferences  

Combined with the human centred preferences, the service related information and preferences 

aims at the possibility to adapt the application to the user. This means that: 

¶ The application allows a customizable feature that influences the whole concept. 

¶ Or: that the user can change settings of the application and adapt it to its situation. 

8.2.4. Device related information and preferences  (requirements)  

Finally, the device related information and preferences are coping with hardware constraints. The 

application needs to fit accordingly: 
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¶ The user uses a HTC Desire Z smartphone model, with Android, API level 8 (2.2 or higher). 

¶ The application should run on a platform with fast processing (short processing time). 

¶ The application allows a touch screen interface. 

¶ The application utilizes Wi-Fi technology and must be enabled. 

An example of using user profiles is illustrated by Foerster (2010) about map usage: a map of a 

specific region is the same, but the contents being displayed for a geologist is different than for an 

urban planner. The map is adapted according to the user. Some background information about maps 

being adapted on mobile devices has been provided in Annex B.2. 
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9. User allocation: g ateway services  
Differences between indoor and outdoor navigation includes the sensor technique (GPS versus non-

GPS) and the scalability: the destination in the outdoor world are usually points of interests, while 

indoor navigation could be seen as a subset or complement of the outdoor world, meaning that a 

single point of interest (building) possibly contains other points of interests as well. These points of 

interests need to be carefully maintained, since a large amount of attributes can be coupled to these 

points of interests, which can help the user to navigate inside buildings. 

The localization of the user in the indoor environment can be further used and integrated in location 

based services, which is being described in this chapter. Further details about the building itself 

needs to be mapped, and the rest depends on what the service provider would like to offer (Jan et 

al., 2010; see also the remaining chapters of this part II).  

9.1. Components of the gateway  
The positioning and point placement of the user to the location service (the gateway service) is 

perhaps the most challenging part of the project, as different algorithms applies to Wi-Fi positioning. 

Kolodziej & Hjelm (2006), propose the following steps need to be done, in order to secure a decent 

gateway service: 

¶ Site survey performance (signal strength model / fingerprinting database) 

¶ Creating the positioning model 

¶ Calibration 

¶ Access point placement and configuration 

¶ Tracking 

¶ Maintenance 

¶ Rights (due to changes over time) 

Since it is the aim of the thesis to make a working prototype with existing access points, only the site 

surveying is being discussed. It is not the intention to fine tune the access point placement, since the 

main research question is whether it is possible to develop a Wi-Fi fingerprinting application without 

using geometric properties. 

9.2. Site surveying  and positioning  
Site surveying is the preparation phase of fingerprinting. A database will be constructed with the 

specific fingerprints. It is possible to conduct this phase in the three dimensional space, by measuring 

in vertical positions as well. However, since most people hold their phone around the 1 metre height, 

only measurements at this corresponding height take place, at each floor.  

The temporal aspect has to be acknowledged, since the fingerprint can change over time, because a 

receiver can obtain signal strengths directly via a line-of-sight, but also indirectly, via reflectance (the 

multipath). The process of measuring has thus to be repeated at various time slots.  

The specific fingerprints will be assigned to a άlabelέ, which actually includes other information about 

what is present at that place, such as recognizable objects (plants, pillars, inboxes, and signs). This 

process is similar as illustrated in Figure 10 (page 35). In this thesis, position is considered synonym 

for a fingerprint, since the fingerprint can contain already information about its environment. Real 
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map matching and geometry are not required as such. It is therefore not possible to create a 

positioning model. In chapter 11.2, more background is given on the non-usage of geometry. 
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10. Directory  and geocoding services  
The reason why these two services are in one chapter is that they are closely related to each other, in 

the sense they are both concern information about data: the directory services provides information 

about a place or object, whereas geocoding services provides information about what the location is.  

10.1. Directory services  
The OGC (2008a) describes a directory service as [a] service [providing] subscribers with access to an 

online directory to find the nearest or a specific place, product or service. This implies that a user can 

use a search engine to find something with or without explicit location specifications. Users might 

find a place, product or service by providing specific or explicit properties, which is called pinpointing. 

Alternative, they can use spatial queries to find the nearest place, product or service, called 

proximity. Both pinpointing as proximity require the following minimal information: 

¶ A property of the point of interest, such as a unique id, name, description, absolute location 

¶ The relative location information to the point of interest, such as nearest to me, within 500 

metres. 

The OGC (2008a) provides specific directory request parameters. The only mandatory parameters 

include (although this depends on the nature of the query, in which other values can be stated as 

mandatory): 

¶ POIproperties, in which a listing is provided, that can be used to do the search (keywords) 

¶ Name, in which characteristic values are stored, such as the reference object, the name and 

the type.  

¶ Value, in which the information can be reflected to the user. 

An example is illustrated in Box 1, in which the question is asked where the nearest copy machine is 

being searched, while making use of a relative location statement. 

 

Box 1. A XML Example for OGC Directory Services 

The provided output is list of points of interests with the distances. 

Where is the nearest copy machine of where I am (Room 1.002)? 

 

<DirectoryRequest>  

 <POILocation>  

  <Nearest>  

   <POI ID="1">  

    <POIAttributeList>  

     <POIInfolist>  

      <POIinfo name="POI Name" value="Room 1.002">  

     </POIInfolist>  

    </POIAttributeList>  

   </POI>  

  </Nearest>  

 </POILocation>  

 <POIProperties directoryType="Campus">  

  <POIProperty name="type" v alue="Machine">  

  <POIProperty name=" subType" value="Copy">  

 </POIProperties>  

</DirectoryRequest>  
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This assumes that upon developing the application, at least a database with retrievable information 

for the interest of the user should be populated. 

10.2. Geocoding services 
In order to make locational queries possible, it is necessary the various points of interests needs to 

have information on their position, also called geocoding. The other way around is called reverse 

geocoding. The geocoding is usually carried out on the background, since the services need to know 

exactly where the point of interest is located, and the user usually does not know on which absolute 

position he is. As soon as the point of interest has been traced and located in the absolute reference 

system, it will be translated back to the user in named locations, such as Aisle 1. 

For geocoding services, the following parameters are mandatory: 

¶ Address, which can be inserted Ąthe returning value would be a position (X,Y,Z) 

For reversed geocoding services, the following parameters are mandatory: 

¶ Position (X,Y,Z), which is the starting position of the user which can be inserted, in terms of 

absolute positions. Ą the returning value would be an address (street, number) 

In our iindoor environment, it is unlikely one can insert position information on its own, since a 

fingerprint is being used. Unless the user knows exactly what fingerprint he or she is going to insert, 

it is not possible. 

The returnable responses for geocoding services that are possible include the following: 

¶ numberOfAddresses, so that the user might choose from matching addresses, if there are 

ƳǳƭǘƛǇƭŜ ƳŀǘŎƘŜǎ όŜΦƎΦ ƛŦ ƻƴŜ ƛƴǎŜǊǘǎ ά/ƻƳƳƛǎǎƛƻƴ wƻƻƳέΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ о 

ά/ƻƳƳƛǎǎƛƻƴ wƻƻƳǎέύ 

¶ Address, which matched the inserted address. 
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11.  Modelling and attributes  

11.1. Modelling the indoor environment  
The indoor environment can be modelled in many ways, dependent on what the service is aimed at. 

The importance is that one must know the level of granularity should be. As it is the goal of this 

project to let users navigate in buildings to a room, the accuracy level should be a room and not a 

part of a room (shelf-like accuracy), unless the target is a very large space. A node and edge structure 

like has been proposed by Kolodziej and Hjelm (2006) and the OGC (Open Geospatial Consortium; 

2010) to model the environment for indoor navigation. Especially the OGC highlights the importance 

of the relation between the nodes and edges, especially in the larger rooms and corridors. It is 

therefore recommended to break larger rooms in smaller segments; the OGC calls this partitioning. 

The vertical dimension can also be part of the model, as shown in Figure 13. In fact, this way of 

modelling resembles of remodelling the topological dual space as the node-relation-structure (OGC, 

2010), which can be used for the navigation service. The dual space can be described as a model of 

the space in terms of linkages, which resembles a graph. The topological dual space explicitly 

preserves the topology of the graph. 

It is hard to tell whether rooms are neighbouring, since there is little information about the size and 

distance of the environment, unless extra information can be added to the graph. Therefore, 

attributes can be assigned to both the node as the edge. Those attributes can be used for locational 

queries, in which the user can start its navigation in the first place. This also includes non-navigable 

spaces for specific users, such as bumps for wheelchair users, which in turn can be used to determine 

alternative routes. 

 

Figure 13. Nodes and edges representation (topological dual space) 
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11.2. Non-usage of geometry  
Unlike the outdoor navigation, data on indoor locations is not widely available. There are no vendors 

for networks such as FalkPlan and TeleAtlas, and not all companies are willing to provide floor plans 

for public use, or even if there is a provision, it might be possible that not everything is covered to 

keep it secret. This might cause less accuracy, or missing data, although this might change in the 

future. 

In fact, the geometry does not necessarily have to be used in order to deploy the navigation service. 

Indoor, a user only needs to know whether he is still on route, going from A to B. Going on route, 

there are significant recognizable objects present, such as plants, pillars, postal boxes or paintings, 

which provides help to confirm the user is in the right direction. For this, only fingerprints are an 

absolute necessity. The requirement is that the fingerprints should be distinguishable from each 

other and attached to POIs. Those fingerprints can be stored in a database and can be coupled with 

attributes (recognizable objects) about what is present at that place and organized in the graph. 

These attributes can be displayed on the screen in text or image. If the user can see those objects, as 

the screen tells them, the user can be certain he is at the right place. If the user reaches a node 

where a vertical movement can be made, information about possible stair climbing can be returned 

as well. This whole process is illustrated in Figure 14. 

 

Figure 14. Fingerprinting objects and navigation 

The above implies that there is no geometry necessary, but this means that topology is 

indispensable. As indoor pedestrian navigation (see chapter 7) has the opportunity to recognize the 

space in multiple ways through present objects, it is not necessary to plot the entire floor plan: a 

fingerprint is sufficient. The only information the pedestrian can have, is how to go from one end to 

another. However, future extensions include the overview of the graph, so that the user can see at 

least the route on screen. Another extension is the estimated time of arrival, which. However, the 

travel time variables significantly, as this depends on the user profile. Some users need more effort 

to open a door, while others need more effort upon climbing a staircase. This suggests that only 

information about the edges is necessary, and not about the geometry surrounds it, as long as the 

topology remains. The result is to be found in Figure 22, and is discussed in chapter 16. 
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12. Visualization: presentation services  
In this chapter, the visualization and representation aspects are discussed. As standard cartography 

deviates on mobile platforms, first generalities on small screen cartography are discussed in 12.1. In 

12.2 some technical information on visualization is related to the OGC standards on presentation 

services. Finally, in 12.3, some comments are made about 3D visualization and explained why this is 

not part of the thesis. 

12.1. Users and general constraints and limitations  
A decent visualization is necessary to communicate the proper information to the user.  The user is 

most likely not interested in the underlying principles, but in the end product.  Small mobile screen 

require a different visualization than paper maps or large computer screens. Nagi (2004) 

distinguishes constraints on both the device-end as the network ends, as displayed in Table 4. 

Category Infrastructural 
constraint 

Constraint Comment 

Display Device Screen size Usually very small 
 

Display Device Resolution Usually very limited 
 

Display Device Colour range Low range, although depends on device 
 

Interaction Device Input opportunities Limitations of input fields, although depends on 
screen & resolution 

Interaction Device Output capabilities Usually restricted due to limitations in processing 
 

Performance Network Connection Slow in contrast to regular (wireless) internet, 
unless device has a Wi-Fi data connection 

Performance Network Latency  
 

Performance Device & 
Network 

Limited storage Newer generation mobile phones allows larger 
capacity with the expansion of (micro-)SD-cards 

Performance Device & 
Network 

Processing power Restricted in the sense it does not equal normal 
computer-like processing speed 

Table 4. Mobile phone constraints 

Table is based on Nagi (2004). 

Although the information in Table 4 is dated from 2004, with performance and display related 

constraints being partly solved or relieved. Still, the display and interaction categories remain 

important limitations on the end visualization. The cartography largely depends on the displaying 

capacities of the device: the larger the scale of a map, the more detail is needed. On a small screen, 

this is considered challenging to overcome this problem. Yet, the better the resolution, the better the 

application can overcome this challenge. A low resolution smartphone might display text labels or 

symbol too large, for instance (Nagi, 2004). Newer generation smartphones are able to scale the 

display; in that sense this barrier has overcome. 

With the use of zooming options, one can toggle through different levels of details; however this 

usually takes a lot of processing, when dynamic zooming is being used. This means that for each scale 

a different data set and data representation is being visualized, which is a smooth zoom in fact. This 

can also be done in steps (static stepped zooming) or static linear (no new data sets being visualized 
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at all). Either way, this demands a lot of processing time for both the device as the network (Nagi, 

2004). 

12.2. Presentation services  by the OGC 
The presentation service of the OGC (2008a) makes use of Web Mapping Services (WMS) and Web 

Feature Services (WFS) to display on demand maps. However, since there is no geometry, only static 

figures (images, topological network graph without coordinates, maps) can be visualized instead, as 

there is no active and adaptive map viewing system. The parameters which belong to the 

presentation services are all not applicable for the purpose of this thesis research. 

12.3. Acknowledgement of 3D modelling and 3D visualization  
Although developments of 3D modelling and 3D visualization are still ongoing, it is decided in this 

research the visualization remains on the 2D or the 2.5D plane, as the focus is on the confirmation of 

positions, and not the visual representation. However, the acknowledgement of 3D visualization is 

important in future enhancements on the screen. Even though the presence of flyovers or 

overpasses in the outdoor world is missing indoor, pedestrians still needs to deal with vertical 

movements along staircases and elevators inside buildings. Döllner et al. (2007), suggests that 3D 

visualization of objects or buildings certainly improve recognition patterns of users, which will further 

improve the navigation process. It is not necessarily to make photo realistic representations, but 3D 

sketch-based commands are already sufficient. In addition, utilizing the camera function of 

smartphones, augmented reality (placing layers of information on top of the visible environment) 

belongs to another possibility which can be incorporated in the application. 

12.4. Cartography of text  
The well-known  outdoor large points of interests in the form of buildings do not apply to the indoor 

context, however. Instead, smaller points of interests are present. Simple room destinations can be 

translated to concrete goals and information. For example, room 1.001 can be an information point 

for administration, and room 1.002 contains a copy machine. The visualization for the indoor 

navigation follows thus the same rules and relations as described in the previous two sub sections. 

However, as a result of not using the geometry for the modelling (chapter 11), no maps can be 

displayed. It is possible to provide the user with a graph or with simple listed text to direct the user, 

instead. The necessity of a map thus disappears, although this assumes there is a significant amount 

of recognizable objects present. The presentation of the service could be as follows (Box 2): 

 

Box 2. Example of utilizing text for recognizable objects 

The advantage of no cartography (maps) means that time and effort can be saved for deploying the 

application on a larger scale, as one only needs to determine the fingerprints.  As Hsu (2001) points 

out, text usually takes longer to process for the user, which can be considered as a disadvantage. 

Ideally, the text should be as short as possible, and supported by icons. The sub sections below will 

discuss the underlying principles of text usage and text visualization as a whole.  

1. Keep straight as you pass a copy machine  

2. Keep straight as you pass inboxes  

3. Keep straight as you pass room 1.011 to your left.  

4. Move up one floor .  
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Text visualization 

From the general cartographic rules, special attention is provided to the text visualization in this 

paper first. Although Kraak & Ormeling (2003) only describe the rules for text usage on maps, the 

same rules can be used for general text emphasis without maps. Text is able to show levels of 

importance between words/names, by creating variation in: 

¶ Highlights, using boldness or italics; 

¶ Font face/style, using different fonts to distinguish texts from each other; 

¶ Font size, to emphasize the (non)-importance of words; 

¶ Font spacing, to emphasize the (non)-importance of words; 

¶ Font colour and/or font colour background; 

¶ Upper and lower case, by creating a contrast on what should be read. 

Again, colour can be used to differentiate text on maps, but also on non-maps. The same limits on 

colour perception apply: a maximum of approximately 7-8 colours can be used to ensure the reader 

is able to select the most important information from a line of text.  

Text attractiveness and uniform design 

The screens on mobile phones thus has limited space, and although the scaling on screens have been 

improved over the last years for smartphones, the emphasis on information visualization remains a 

significant contribution to an application, aside from what the application does. Roto & Kaikkonen 

(2003) found out that the topmost information on a page or interface got the highest priority, since it 

ƛǎ ŦƛǊǎǘ ƛǘŜƳ ǇŜǊŎŜƛǾŜŘΦ Lƴ ŀ ǎǘǳŘȅ ƻƴ ǘƘŜ ǳǎŜǊ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ǿŜō ǇŀƎŜǎΩ ƛƴǘŜǊŦŀŎŜΣ Iǎǳ όнлммύ 

researched the attraction of elements on a webpage and listed them from best attractive element to 

least attractive: 

1. Title/Logo 

2. Image 

3. Information display/presentation 

4. Willingness to read 

5. Colours 

6. Structure 

7. Attraction 

8. Layout 

9. Usability 

10. Hyperlink 

11. Readability of texts 

As can be seen, the importance of text is rated low. Suggestions on images, colours and layout are 

better rated in contrast to texts (rank 10 and 11, aside from the aspect willingness to read). However, 

when it comes to the functionality, texts were provided more important; better than the title or logo. 

Text has to be readable to obtain knowledge as such, and Hsu (2011) found evidence that the texts 
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are in general better perceived when the layout of the text follows the webpage or application 

standard design, which has to be uniform. This does not differ from location based applications. 

Variation in text elements in their context 

Michailidou et al. (2008) also underlined the aesthetics of text visualization in webpages and 

applications. They acknowledge the importance of using clean, clear, and symmetrical design, in 

which bullets and buttons can further enhance the readability of text. As with the general 

cartographic rules, further refinements can be shown, using text variation in colour, size and style. 

Wang & Chen (2003) provided evidence that important text can be distinguished within the main 

text, by placing extra space on both sides, in which they call this jump length. A minimum distance of 

0.35 cm to 0.70 cm has been considered effective ς if the distance is too long, the text would appear 

to be discontinued, in which users perceive as disturbing (too large holes in the text). 

Text colour usage 

Wang & Chen (2003) researched in particular the combination of colours on screens, for both texts as 

backgrounds. They stated that colours have to be carefully chosen when they need to be combined. 

Two extremes of the colour spectrum have to be avoided, such as red and blue, as they provide the 

ǳǎŜǊ ŦǊƻƳ ŀ άǾƛǎǳŀƭ ŘƛǎŎƻƳŦƻǊǘέΦ aƻǊŜ ƛƳǇƻǊǘŀƴǘ ƛǎ ǘƘŜ ƭǳƳƛƴŀƴŎŜ Ŏƻƴǘrast between background and 

text colours, as they are perceived much better. For example, the combinations of black-on-white, 

white-on-black and blue-on-yellow were better read than red-on-white, blue-on-white and green-on-

white, although the combinations are dependent on the condition of the screen, as well as the suns 

illumination outdoors. 

Moving text 

Wang & Chen (2003) also investigated the effect of using motion and speed of text, and they found 

that moving text in application has little impression on the user. In fact, users were tempted to 

ignore the moving text, which has also been acknowledged in a study by Albrecht-Buehler et al. 

(2005). Moving text in applications should not be too slow, but not too fast either, in order to 

maintain the attention of the user. In combination with background and colours, one has to ensure 

the background should not be disturbing to read the texts themselves. If the motion is too slow or 

too fast, or if the background and colours makes it hard to read, change blindness (ignorance of 

texts, thus ignorance of information and ignorance of the application) is being the case, which has to 

be avoided. 

  



M S c  T h e s i s  I n d o o r  N a v i g a t i o n  w i t h  W i- F i  F i n g e r p ri n t i n g  | 59 

 

12.5. Initiatives to a text based indoor navigation application  
Based on the above sections, an indoor navigation application, which is based on a small screen, and 

does not utilize geometric maps, but solely text display for directions, a few recommendations can be 

made regarding the output: 

¶ The interface must be adaptive to the user. 

¶ The interface itself has to be uniform in layout. 

¶ A contrast in colours (luminance) has to be guaranteed, in order to let the user perceive the 

information correctly. Blue-on-yellow has been proposed. 

¶ To the top of the screen, the most important information has to be displayed. 

o This coincides with the current location and the target destination. 

¶ When it comes to the output of text directions, orientation aspects have to be distinguished from 

the body. 

¶ There should be a limit to the motion of text ς text scrolling should be made possible otherwise. 

¶ Text size can be considered as well. 

The proposed indoor navigation application is as follows: 

1. The device automatically detects where the position is. 

2. This position is made visible on the top of the screen. 

3. The user has to insert a specific start or current location and destination. 

4. The user has to navigate from one end to another. 

5. The device calculates a route. 

6. The user sees his current position on the top of the screen. 

7. The user sees if he is on route/off route directly below that position information line. 

8. The user sees his destination and the estimated time of arrival. 

9. The user sees a list of directives below that on/off route information. 

10. The first line of the directives is placed in a bigger text size. 

11. The subsequent lines are in a different colour and size, to emphasize the importance of the first 

direction output. 

12. In any of the lines, information about directions can be made in a separate colour or style. 

13. In any of the lines, information about orientation objects can be made in a separate colour or 

style. 

14. Bullets or numbers have to be used to indicate steps. 

For example: 

Current location: near room 5.99 
ON ROUTE | Heading to: Exit 

- Coming from the stairs, walk straight 
towards Room 5.97 (to the left you see 
glass works, to the right you see a coffee 
machine) 
- Turn right, you see an elevator 
- Take the elevator to ground floor 
- From the elevator turn left 
- Exit the building 
Figure 15. Example text output using text visualization and variances 
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13. Navigation services  
The navigation engine is another vital part of navigation as a whole. The OGC (2008b) enhanced their 

route services with the navigation services, with the assumption that the user is looking for more 

than solely a route, such as the reconfirmation of their progress, and editable features.  

A brief description of the Navigation Services from the OGC is in section 13.1. Section 13.2 deals with 

the mandatory parameters to be used in a possible Navigation Service. The full overview can be 

found in OGC (2008b). Section 13.3 concerns with the generation of route descriptions. 

13.1. Navigation elements of the OGC 
The OGC (2008b) listed 30 possibilities determining or influencing the course of the user, in which the 

following are considered to be the most important. The full list can been found in Table AP. 2: 

¶ Core navigation: 

o Specification of route preferences 

o Specification of origin and destination point 

o Determination of position 

o Route calculation using user profile/preferences 

o Presentation of route 

o Route guidance 

¶ Extensions of rerouting: 

o By detour, with traffic information 

o By waypoints, as defined by the user 

o By getting off route 

o By change of route settings and preferences 

In this thesis, getting off route piques the most interest. This process assumes that the user have to 

be tracked, to determine whether the user is on or off route. Thus, the confirmation of the ǳǎŜǊΩǎ 

position plays a fundamental role in this aspect. In the case of fingerprinting as a positioning 

technique: routing is made possible by linking the fingerprints with each other and the user has to 

pass each point (fingerprint) on the route to stay on route. The navigation client should tell whether 

the user is on or off route, by comparing those fingerprints with each other. 

It is not the aim of this thesis to extensively describe all parameters and specifications of the 

navigation application itself. The OGC (2008b) provided all exact inclusions in the document of 

Navigation Services already. In the next section, only the mandatory parameters are briefly 

discussed. 

13.2. Mandatory parameters  
The OGC (2008b) states that άƳŀǇ ƳŀǘŎƘƛƴƎ ƛǎ ǘƘŜ ƳŜǘƘƻŘ ƻŦ ŘŜǘŜǊƳƛƴƛƴƎ ǿƘŜǊŜ ǘƘŜ άƳƻōƛƭŜ ŘŜǾƛŎŜέ 

Ƙŀǎ ƳƻǾŜŘ ƛƴ ǘƘŜ ƴŀǾƛƎŀōƭŜ ƴŜǘǿƻǊƪ ōŀǎŜŘ ƻƴ ǘƘŜ ŘŜǾƛŎŜΩǎ ǇǊŜǾƛƻǳǎ ƭƻŎŀǘƛƻƴόǎ) and data about the 

ŘŜǾƛŎŜΩǎ Ƴƻǘƛƻƴ ŦǊƻƳ ŜȄǘŜǊƴŀƭ ƛƴǇǳǘ όǎǳŎƘ ŀǎΣ ōǳǘ ƴƻǘ ƭƛƳƛǘŜŘ ǘƻ Dt{ύέ. Map matching is strongly 

related positioning, since a position is needed in order to determine where the user is. The OGC 

(2008b) describes recommends hard lat-long coordinates in the WGS84 reference system, but this 

cannot be implemented for the interior of a building. Instead, fingerprints in the context of a 

topological graph are a possible solution.  
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At specific points on the navigable network, attributes, conditions and relationships (i.e. prohibited 

manoeuvres and directions) needs to be assigned (OGC 2008b), in order to provide the user 

directions. This means that entries and exits are also part of this.  

In Table 5 below, the most important parameters are displayed. A full overview can be found in the 

document Navigation Services of the OGC (2008b). 

 Parameter Mandatory Short description 

Route requests RouteHandle Yes Request information about the route 
ExtendedRoutePlan Yes Specifies criteria route determination 
BoundingBox No Rectangular area of route 
RouteGuidanceRequest No Return of turn-by-turn route instructions (text) 
FirstBucketSize No {ǘƻǊŜǎ ŘƛǊŜŎǘƛƻƴǎ ƛƴ ŀ ƭƛǎǘ όάōǳŎƪŜǘέύ 
Priority Yes Priority of requests 
provideRouteHandle No Return of a route handle 
DistanceUnit No Unit for measuring distance 

    
RoutePlanType WayPointList Yes List of waypoints along the route 

AvoidList No List of areas, locations and features in which the route 
should avoid passing through 

ExtendedRouteControl Yes The criteria upon which a route is determined 
RouteControlType* CostCriteria Yes Cost Criteria 
Route Response* RouteLinkAndCost Yes Ordered list of links and node travel costs for the path 

FirstBucket No Display of where the route navigation is now 
RouteHandle No Reference to the route stored at the Navigation Server 

 RouteSummary No Describes overall characteristics of the route 

Table 5. Parameters Navigation Services 

Source: OGC (2008b). * More parameters are included, but these include vehicle information and actual traffic information, 

which does not apply to indoor navigation in general. 

As derived from Table 5, the control of the route, including the waypoints is fundamental for the 

navigation. In order to navigate, one must include navigable points along the way, and assign costs to 

it. These costs can be used to inform the user about time and distance estimations.  

13.3. Generating navigation guidanc e 
In this thesis researchΣ ŀ ǎƛƳǇƭŜ ƴŀǾƛƎŀǘƛƻƴ ŀƭƎƻǊƛǘƘƳΣ ǳǎƛƴƎ 5ƛƧƪǎǘǊŀΩǎ ǎƘƻǊǘŜǎǘ ǇŀǘƘ ǊƻǳǘŜΣ Ŏŀƴ ōŜ 

used for navigation instead. As the intention of the thesis is to use solely the framework, the 

parameters in table 8 have to be transformed in Java (see chapter 16). However, before using the 

parameters, thoughts on how the route descriptions (the guidance) have to be explained first. 

When no maps are preserved, it is challenging to determine orientation aspects. Upon travelling 

from node A to C via B, it is hard to tell from solely a graph whether one has to turn left, right or keep 

straight, as one can flip the graph, for instance. It is then important to assign orientation aspects to a 

connectivity database, when nodes (the fingerprints) and edges (connectivity information between 

fingerprints) can be stored. It is then important that the application should take the current and 

predicted positions into account. 
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When the current and predicted (or the previous and current) position is known, the application can 

then predict on how the orientation can be helpful. In Figure 16, a route has been calculated from 

node 2004 to node 2012. Upon travelling from the first nodes, from node 2004 to node 2002 is 

basically straightforward: it implies that going from node 2004 to node 2003 is straight on, and the 

user has then turn left. However, there is no explicit implication that this graph is mirrored: perhaps 

going from node 2003 to node 2002 is a turn to the right. When storing orientation information 

between two links, one cannot add left or right, since it depends on where the user is coming from. 

In the inverse route, the turn 2003-нллп ƛǎ ΨǊƛƎƘǘΩΣ ƛƴǎǘŜŀŘ ƻŦ ΨǎǘǊŀƛƎƘǘ ƻƴΩΦ Lǘ ƛǎ ǳǎŜŦǳƭ ǘƻ ǎǘƻǊŜ 

information of the current or previous location, the predicted location, or both. In a table, one could 

store the route 2004-2003-2002, with 2004-2003 straight (previous location was 2005) and 2003-

2002 as a turn to the left, while 2002-2003-2004 deals with a 2002-2003 straight (previous location 

was 2007) and 2003-2004 as a turn to the right. 

 

Figure 16. Routing, guidance, orientation 

However, there are many routes possible, and the question is how to program the orientation 

aspect. One possible solution, is by pre-programming  every single possible list of route descriptions, 

as described above. Another possibility is to store unique location, object information, without using 

ƻǊƛŜƴǘŀǘƛƻƴ ǘŜǊƳǎΣ ǎǳŎƘ ŀǎ ΨǘǳǊƴ ǘƻǿŀǊŘǎ ǘƘŜ ŦƭƻƻǊ ǎƛƎƴΩ, although it is difficult to state, when there is 

no geometry involved. It is then important that the object information has to be stored along with 

the fingerprint or with the connectivity information (or both). In the case from travelling from node 

2004 to node 2012, the following can be constructed: 

¶ (2004) Pass through the doors , 

¶ (2003) turn towards plant , 

¶ όнллнύ ǿŀƭƪ ǘƻǿŀǊŘǎ ǎƻŦŀΩǎ , 

¶ (2007) pass the reception , 

¶ (2009) pass Anneke van Cootenzaal , 

¶ (2011) turn towards statue , 

¶ (2012) destination reached. 
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In this sense, no orientation (as in: head north/south, turn left/right), or rather, neutral directions are 

being used.  Only in the vertical direction, explicit orientation directions can be stated (go up/go 

down).  

Next, the application has to check the current position of the user constantly. If the user finds itself 

on or near the provided nodes, then this must be confirmed. If not, re-routing has to be done, in 

which the user should be warned. At the same time, the application can already predetermine which 

nodes can be detected. It is therefore useful that the application should only get nearby nodes 

(fingerprints). For instance, the application should at least eliminate outlying nodes: if one traverses 

in the route from node 2004 to node 2012, then the application should not detect the user at node 

2005, node 3005 or node 3205, after passing node 2009, for example. 

In the next chapter, an architectural overview is being presented. 
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14. Architecture : functional and technical design  
With the use of the services and user information, the final architecture can be determined, which is 

displayed in Figure 17 below. The described core services in the chapters 9, 10, 12 and 13 are 

embedded in the centre of the architecture, based on the principles mentioned in chapter 11, as they 

deal with the processing of the application. The application itself is constructed in Java with Android, 

and is located at the heart of the architecture. The positioning feed is derived from the position 

determination equipment; in this case, this is the Wi-Fi receiver of the Smartphone.  

 

Figure 17. Architecture of this indoor navigation application 

Derived and edited from OGC (2008b) 

The location contents form the database of the application. This also includes the fingerprints. As the 

application itself is standalone, there is no server needed. The application constantly links to the 

inherent databases, which contains information on rooms, POIs, which are combined with 

fingerprints and their connectivity. The application itself makes use of the Wi-Fi receiver of the 

smartphone, which is processed by a Wi-Fi Extended library, also in the Java environment. The client 

(the Graphical User Interface, the GUI) finds itself at the top of the architecture, as it can request the 

information from the application. 

  



M S c  T h e s i s  I n d o o r  N a v i g a t i o n  w i t h  W i- F i  F i n g e r p ri n t i n g  | 65 

 

The functional design allows seeing what the user can do with the application. Based on the 

documents of the OGC (2008a and 2008b) and the visualization described in the chapters 9-14, both 

the functional as the technical design is displayed in Figure 18. Ideally, only a database with 

directions and inherent information about the fingerprints themselves are necessary. The 

fingerprints directly link to the locational information, and the route information. 

The functional design is explained as follows (in the figure, in red denotes actions to be taken for the 

technical properties of the prototype): 

1. The user has to make sure Wi-Fi is enabled. In the case the inherited databases are placed on a 

server, the user has to make sure a 3G OR Wi-Fi connection is enabled, so that the databases can 

be downloaded. 3G is necessary if the user cannot establish a Wi-Fi data connection. 

2. The route preferences have to be stated via the user profile. By default, this has been set to a 

normal pedestrian, with a guest status. This implies that certain areas are restricted, unless 

stated otherwise. The user can change this by clicking the Settings button. 

3. The user can then define the departure. The current location is being displayed, which helps the 

user orientate. The user have to define the departure location by typing (selecting) a predefined 

location. 

4. The user has then to define the destination. The same categories are possible as for the origin, as 

assumed before, the user does not have knowledge about the indoor positioning, nor the 

addresses (other than room numbers), which makes it impossible to pinpoint an exact location. 

As the application also does not use maps, it is not possible to pinpoint it on a map. 

5. Optionally, a via-point can be inserted. The same categories as the destination can be chosen, 

with the addition that it can be set as an inclusion, or exclusion. In the case of an inclusion, the 

route given will prompt the user to navigate to this first set point. In the case of exclusion, the 

route will take into account it is not desirable to pass this point at all. An example is the exclusion 

of a certain segment, which is now restricted due to refurbishments. 

6. Now, the user can plan the route, by touching the plan button. 

7. A list of directives will be provided. Each direction has information about what is visible at that 

point, so the user can see himself whether he is at the right position or not. In addition, it will be 

ǾƛǎƛōƭŜ ƛŦ ǘƘŜ ǳǎŜǊΩǎ location matches the predicted fingerprint. 

8. In a possible extended application, the user is capable to modify the presentation, which 

contains the text display, speech engine and most importantly, a confirmation setting. This can 

be done by reserving a section on the screen which shows a green approval or red disapproval 

sign or something similar. Alternatively, this can be spoken as well. In addition, a graph can be 

displayed, but this depends on whether a graph will be included of the building. For now, the 

focus is on text directives. The map can be used, for instance, to display the entire route. 

At this stage, it will be possible to still adjust the route preferences, as well as the inclusion and/or 

exclusion of certain areas. 



M S c  T h e s i s  I n d o o r  N a v i g a t i o n  w i t h  W i- F i  F i n g e r p ri n t i n g  | 66 

 

 

Figure 18. Functional and technical design of the application 
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Conclusion Part II  
How can the creation of an application be possible, without using geometry? 

The user would like to navigate from one source to destination. Indoor, the user has points of 

recognition available, as the level of detail is higher than outdoor. The user can thus check whether a 

navigation application provides correct information, if the application makes use of the surroundings. 

As the focus is on utilizing fingerprints only, instead of using geometry, positioning and 

representation are provided a different context. Fingerprints can be coupled to recognizable objects 

at that place. A real (x,y,z) positioning (as stated in the terminology) is then not necessary, as user is 

only interested if he is at the right place at that time, since there are no obvious addresses in the 

vicinity, with exception of numbered rooms. In addition, pedestrians have specific characteristics, 

and thus minute estimations are hard to tell, since a user might need more time to climb the stairs or 

to open a door. This implies that geometry is not required, as long as information about connecting 

fingerprints is preserved.  

As with the level of detail surrounding a user, a simple text list is considered sufficient, as long as it 

includes information about recognizable objects. However, a weakness is that there is no clear 

direction or orientation (left/right) possible, since there is no geometry. Instead, neutral descriptions 

in combination with recognizable objects have to be provided. This assumes that the user constantly 

has to carefully watch the real environment because of the high detail. In the case graphs or floor 

plans are provided, one must consider the constraints and limitations of the small screen and 

processing speed.  

How can the use of the framework of Open Location Service standards be implemented in the indoor 

navigation application?  

Each component of the Location Services can be used in the Technical design. The most important 

feature is the gateway service, where the users location as picked up by the Wi-Fi receiver, has to be 

compared to the fingerprints database. The user itself can define the constraints and preferences, 

which determines the route handling. Upon entering information on origin or current location, 

destination and the inclusion or exclusion of via points, information can be transformed via the 

directory and geocoding services. This information can be further processed, with the navigation 

service. However, since the aim of this thesis is not to use geometry at all, large parts of the 

parameters of the OpenLS standards cannot be implemented. Therefore, only the framework will be 

used instead of the parameters. 
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PART III  - Implementation 

results  
 

Contents 

¶ 15. Surveying and databases 

¶ 16. Location determination algorithms 

¶ 17. Layout and results 

 

In this third part, the final output is being discussed. First, the methodology of surveying as well as 

the creation of the database is discussed in chapter 15. Two different location determination 

algorithms based on fingerprinting are then assessed in chapter 16. Finally, in chapter 17, the test 

results on location determination and navigation will be discussed. In the end, it is possible to answer 

the question: 

How can Wi-Fi fingerprinting determine a location which does not utilize geometric features, and how 

can it be implemented in an application as such? 

The conclusion is directly provided in part IV, as it further discusses the results related to it. 
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15. Surveying and databases 
Android applications are composed by using at least two languages: Extensible Markup Language 

(XML) for the layout and interface, and Java for the functionality. On top of the Java, a separate 

Android library is installed, resulting in an adapted version of Java to Android. Additional libraries, 

such as an extended Wi-Fi library, can also be attached. 

This application is no difference, and also utilizes the same style, as programmed in Eclipse (Figure 

19). First, the interface was designed in XML. Screenshots are made via the emulator, which does not 

support Wi-Fi detection however (only the real device does so). The XML files can be portrayed at the 

client side of the application, with the server side being the inherited chain of Java files and 

databases, as there is no remote server for this prototype. 

 

Figure 19. Screenshot of the Eclipse Environment 

Chapter 15.1 first discusses the methodology of surveying and chapter 15.2 continues with the 

database implementation.  

15.1. Site survey preparation  

15.1.1. Measure points  

The surveyed locations are parts of the ground, first and second floor of the OTB building at Delft 

University of Technology. In particularly, the OTB building wings 2 and 3, as wing 1 is reserved for 

another department of the university. As the office spaces in these wings can be locked, these are 

the only restricted areas in the test bed. In wing 3, at the ground, first and second floor, twelve 

points on each floor has been assigned a fingerprint, to ensure the fingerprints can be compared with 

each other regarding signal strengths, which allows a proper snapping: if the fingerprints would be 

too similar to each other, distinguishing the locations would be very hard (see also 16.2.3). 

Differences are obtained because of receiving direct and indirect signals due time, which are being 

caused by multipath effects. The points were measured in the aisles of the wings, at specific places, 

such as in front of the elevator, near the toilets, and on junctions of connecting office rooms. Figure 
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20 shows a photo of the location; Figure 22 displays the graphical representation of the measured 

points.  

 

Figure 20. Photo of wing 2 and wing 3 of the OTB building 

15.1.2. Measuring and determining suitable fingerprints  

An ASUS K72J laptop, equipped with an Atheros AR9285 Wireless Network Adapter, has been used to 

register the signal strength in the first test runs. Signal strengths are expressed in a negative value of 

signal loss and noted with the unit dBm. 

The signal strengths were measured with the inSSIDer 2.0 software, which could be downloaded at 

http://www.metageek.net/products/inssider/. inSSIDer 2.0 is able to register all received signal 

strengths, at a given interval, along with their unique MAC address. The uniqueness is necessary to 

distinguish access points with the same SSID, as otherwise measuring using SSIDs will result in 

collated signal strengths. At each location, a scan has been carried out for ten seconds, registering at 

a 1 second interval. Those locations were then tagged with location information, and merged into 

one file. 

In the second test runs, new measurements have been performed, but instead of using a separate 

device to measure the fingerprints, the same device as the application is being used: the smartphone 

instead of the laptop has been used to do so. This is further elaborated in chapter 16. 

The ten seconds scan, with a 1 second interval is necessary to determine stable, average signal 

strength, since the signal strengths can fluctuate in a short time, as displayed below in Figure 21: for 

instance at FID=201 (this has later been converted to FID=3201, to note the fingerprint is located in 

wing 3), from the first record: the signal strengths at this point changes between -43 dBm and -49 

dBm, caused by the reception of both direct and indirect signals due multipath effects. It also detects 

the stability of access points: at a given location, if at least four out of ten are present, this can be 

considered as relatively stable. This will eliminate unstable access points, which are usually outlying 

routers. The information is first being stored in a SQL database from Microsoft Access. In Android, 

http://www.metageek.net/products/inssider/
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each database table can be stored in a separate XML file, using SQL statements instead of database 

tables. This conversion has been done as shown in annex A.4.  

The next step is filtering the weak signals. It is possible that at a given location, a fingerprint consist 

of 30 MAC-addresses, in which the majority are below a RSSI of -80 dBm. It might be the case they 

will not appear in a scan at another given time. On the other hand, RSSIs higher than -70 dBm are 

most likely to be constantly present. Even then, it is possible that at a measured location the signal 

strength always remains relatively weak (for example, always lower than -70 dBm). In this process, it 

has been chosen that the 10 strongest signals picked up, will determine the position, or to be more 

precise: the fingerprint. 

An unedited example is provided in Figure 21, ordered by location, then by average RSSI from highest 

to lowest. As can be seen, there are duplicate SSIDs, but there are different MACs. Also the number 

of detected signals within ten seconds changes. Do note that the location naming (FID) were 

preliminary in this figure. The final FIDs have been assigned as visible in Figure 22 (full graph) and 

Figure 23 (part of the graph on top of a photo). 

 

Figure 21. Screenshot of reconfigured RSSI scan 

In this figure, temporarily constructed Location and FID tags have been generated. The values RSSI1-RSSI10 represents 

measurements within ten seconds, where the number of RSSI depicts the second. 

As displayed in the Figure 21, within ten seconds, using an interval of one second, RSSIs from several 

routers (MAC+SSID) at specific locations (Location/FID) are measured and recorded.  These results in 

a maximum of ten values (RSSI1-RSSI10), from these values an average can be calculated (RSSI_AVG). 














































































































