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ABSTRACT 
 

Technological advances in mobile devices and applications during the last 
few years have caused a boost in the emergence of location-based and mobile 
ubiquitous services. This new emerging Ubiquitous System paradigm commands 
the interaction of user in a new personalized, context-aware and content-
adaptive environment. The continuously increasing use of GPS technology has 
already given new meaning to electronically assisted navigation in the context of 
outdoors environments. However, little focus has been given to indoors 
navigation, and even less to semantically enriched navigation. Most existing 
approaches are based exclusively on geometric information and neglect 
important aspects like semantics bound to building areas and user profiles. 
Considering recent trends, the present work proposes a framework for structuring 
advanced location-based and context-aware services that integrates up-to-date 
technologies and develops novel mechanisms and interactive interfaces by 
applying techniques and formalisms from the Semantic Web domain. The 
Contextual Navigation Guide for Indoor Environments combines expertise from 
three different research areas. The first area deals with user profile management 
while the second is focused on user tracking and dynamic re-planning during the 
navigation process. Finally, the third research area, which represents this thesis’ 
subject, deals with spatial representation and path-finding techniques. We make 
use of a hybrid model for representing the spatial elements which utilizes both 
semantic description and geometric modelling techniques and is capable of 
generating textual instructions for any given path. Moreover we propose a novel 
methodology for generating the spatial model from properly converted vector 
ground plans, which also may serve as the interaction map between the user and 
the system. Finally, the user apart from asking for a route to a user-defined 
destination also has another possibility, which is another novelty of this work. The 
user has the option to retrieve a time-constrained tour, where the destination is 
not predefined but is actually inferred from possible fields of interest. In all cases 
the generation of the requested path is affected by the user’s physical/ mental/ 
preferential profile. 
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ΠΕΡΙΛΗΨΗ 

 
Οι τεχνολογικές εξελίξεις στον τοµέα των φορητών συσκευών και των 

αντίστοιχων εφαρµογών τα τελευταία χρόνια, έχει οδηγήσει στην εκρηκτική 
εµφάνιση υπηρεσίων θέσης και διάχυτων υπηρεσίων. Αυτή η αναδυόµενη τάση 
για ∆ιάχυτα Συστήµατα, επιτάσσει την αλληλεπίδραση του χρήστη σε ένα νέο 
προσωποποιηµένο περιβάλλον, το οποίο προσαρµόζεται αυτόµατα στις ανάγκες 
του, έχοντας επίγνωση του περιβάλλοντος πλαίσιου. Μάλιστα η συνεχώς 
αυξανόµενη χρήση της τεχνολογίας GPS, έχει δώσει νέο νόηµα στην ηλεκτρονικά 
υποβοηθούµενη πλόηγηση σε εξωτερικούς χώρους. Ωστόσο δεν ισχύει το ιδιο 
για τους εσωτερικούς χώρους, πόσο µάλλον όταν αναφερόµαστε σε 
σηµασιολογικά εµπλουτισµένη πλοήγηση. Οι περισσότερες υπάρχουσες 
προσεγγίσεις βασιζόνται αποκλειστικά σε γεωµετρική πληροφορία και αµελούν 
σηµαντικές πτυχές, όπως τη σηµασιολογία που αφορά το χώρο και τους 
χρήστες. Λαµβάνοντας υπόψη τις πρόσφατες τάσεις, η παρούσα εργασία 
προτείνει ένα σύστηµα για τη δόµηση προχωρηµένων σηµασιολογικών 
υπηρεσιών θέσης, ενσωµατώνοντας σύγχρονες τεχνολογίες και φορµαλισµούς 
του Σηµασιολογικού Ιστού. Ο Οδηγος Πλοήγησης στο σύνολο του συνδυάζει την 
ερευνητική εµπειρία από τρεις διαφορετικές περιοχές. Η πρώτη περιοχή 
ασχολείται µε τον χειρισµό των προφίλ τών χρηστών, ενώ η δέυτερη εστιάζει 
στην παρακολούθηση του χρήστη κατά τη διάρκεια της πλοήγησης και τον 
δυναµικό ανασχεδιασµό της διαδροµής σε περίπτώση απόκλισης από την αρχικά 
προτεινόµενη. Τέλος η τρίτη ερευνητική ενότητα, που αντιπροσωπεύει και το 
θέµα της παρούσας εργασίας, ασχολείται µε την αναπαράσταση του χώρου και 
τις µεθόδους εύρεσης µονοπατιού.  Όσον αφορά την αναπαράσταση του χώρου 



 
 

κάνουµε χρήση ενός υβριδικού µοντέλου, το οποίο εκµεταλεύεται τόσο την 
σηµασιολογική περιγραφή οσο και την γεωµετρική αναπαράσταση των χωρικών 
στοιχείων, κανοντας εφικτή την έυκολη αναπαράσταση οποιοδήποτε µονοπατιού 
υπό µορφη γραπτών οδηγιών. Επιπλέον προτείνουµε µια καινοτόµο 
µεθοδολογία για την δηµιουργία του χωρικού µοντέλου, απο κατάλληλα 
τροποποιηµένες διανυσµατικές κατόψεις, οι οποίες µε τη σειρά τους µπορουν να 
χρησιµοποιηθούν ως χάρτης αλληλεπίδρασης για τον χρήστη. Τέλος ο χρήστης 
πέραν της δυνατότητας που εχει να ζητήσει µια διαδροµή για ενα προορισµό, τον 
οποίο ο ίδιος δηλώνει, εχει µια ακοµη δυνατότητα, η οποία αποτελεί καινοτοµία 
της εργασίας αυτής. Στον χρήστη παρέχεται επιπλέον η επιλογή της δηµιουργίας 
µιας περιηγήσης µέσα σε ορισµένο χρονικό διάστηµα. Σε αυτήν την περίπτωση ο 
προορισµός δεν είναι προκαθορισµένος, αλλά προκύπτει απο τα εκάστοτε 
ενδιαφέροντα του χρήστη. Σε όλες τις περιπτώσεις, η δηµιουργία της 
προτεινόµενης διαδροµής επηρεάζεται απο τη σηµασιολογία του χώρου και τη 
συνδέση της µε το προφιλ του χρήστη. 
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Chapter 1 

1 Introduction 
 

 

 

1.1 General Statement of the thesis subject 
 

The technological progress, made through the recent years, in the fields of 
mobile devices, wireless networks and applications, in combination with market’s 
needs led to a wide spread of wireless personal communications. 2nd and 3rd 
generation of mobile telecommunications is an actual reality, while more and 
more Wireless Local Area Networks (WLAN) are installed every day. This 
revolution facilitated the materialization of the vision of ubiquitous services, which 
will assist users in daily activities in an intelligent but unobtrusive way. This exact 
type of services is like the one described by ISTAG Information Society 
Technologies Advisory Group) regarding the “Ambient Intelligence” vision (widely 
known as Pervasive Computing). Enriching system modeling with semantics 
aims at developing applications with advanced functionality and greater 
reasoning capabilities. Pervasive computing environments can achieve the vision 
of Ambient Intelligence by combining domain knowledge with advanced 
reasoning mechanisms, allowing the deployed services to explore hidden 
relationships between the system entities and to provide solutions to problems 
that were too complicated. 

Activities in the navigation field have been increasing drastically during the 
last few years. There are and will be more and more areas where navigation 
becomes an important part of a system solution. So far navigation systems have 
been of major importance for aircraft, missiles, ships, but it is now becoming 
used in automobiles, mobile phones and other smaller systems. 

Electronic navigation devices have strongly influenced the process of 
human wayfinding (pathfinding) in the last years. Vehicle navigation systems are 
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already in widespread use and the appliance of navigation systems in other 
domains such as hiking, biking or exploring cities on foot is continuously 
increasing. Different information needs coming from various domains bring up a 
number of new research questions which have to be considered in order to 
design navigation aids for these domains. 

Wayfinding is one of people daily activities. Finding a way from A to B is 
typically a non-trivial task which requires a number of cognitive abilities and 
extensive spatial knowledge. Today the process of pathfinding is more and more 
supported by different aids, for example cartographic maps. With the availability 
of global positioning systems and technological progress in the field of mobile 
computing, also electronic wayfinding aids have found their way in every day 
lives.  

Continuously decreasing hardware sizes and reduced power consumption 
of GPS receivers has prepared the way for GPS technology into small navigation 
devices. These devices can be carried in the hand or in the pocket while 
performing outdoor activities. It's the beginning of a new age in navigation 
technology which could be called the age of 'ubiquitous navigation'. The term 
ubiquitous navigation indicates the process of personal navigation, supported by 
small electronic devices, which are characterised by the ability to provide 
navigational assistance in nearly every wayfinding situation. 

With new technological opportunities navigation domains are also 
changing. A broad variety of potential new navigational domains opens the 
market for exciting new applications. But what are the requirements for electronic 
navigation systems in these domains? A look at current electronic navigation aids 
shows some of the problems. Needless to say that the majority of the navigation 
solutions are targeting the outdoor environments by exploiting the tracking 
advantages that GPS applications provide. The market is full of personal 
navigation systems, which are designed for assisting car drivers. The systems 
rely on digital road maps, which are also used for generating wayfinding 
instructions. However, in order to be prepared for new markets, these datasets 
and the corresponding navigation solutions should now be adapted to the 
information needs of pedestrians or hikers.  

On the other side, when examining the already launched indoor navigation 
systems, it is obvious that opportunities for innovative research suggestions are 
available. Taking advantage of these opportunities, the current thesis makes an 
effort to promote existed research and contribute to the field of indoor 
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navigational systems. The original motivation is to create a semantics-based 
contextual guide for indoor environments. The Contextual Navigation Guide for 
Indoor Environments(C-NGINE) is designed for pedestrian navigation regarding 
user’s profile in terms of physical and perceptual capabilities, navigational 
preferences and fields of interests. The design also is generic enough to facilitate 
any future addition to the above parameters.  

Our research team has actually divided the total framework in three 
different blocks. The first block is occupied with the design and implementation of 
dynamic semantic profiles and the development of services that use these 
profiles. The second theme block is focused on semantic spatial representation 
and the development of path finding and navigation techniques. Finally, the third 
theme block, is occupied with the user tracking, during navigation, and dynamic 
re-planning in case of deviation from the proposed path.  

For the semantics profile construction (first theme block) developed by M. 
Michou, users are classified into user groups according to information, such as: 
their sex, their research interests, their occupation, their disabilities and their 
preferences. The third theme block, developed by M. Nikoloudakis, tracks the 
user movement and generates descriptive details on the location and the 
orientation of user’s movement. Another responsibility of this block is the 
comparison of the suggested path, produced by the second block, with the user’s 
location and the suggestion of a new path, in case of deviation. 

The second theme block mentioned above is the subject of the current 
thesis. A general architecture of the system designed for this work is presented 
below: 

• User Interface. It describes the way the counter-interaction between the 
system and the user is carried out. In this work we present an API for 
creating a graphic map based on SVG (Scalable Vector Graphics), 
which will serve as the user interface. We also propose an algorithm for 
populating the SOP ontology, based on the SVG file of each floor. 

• Spatial Model. Our system is based on a hybrid spatial modeling, that is 
modeling based both on geographic/geometric representation and 
semantic/symbolic description.  

• Navigation and path-finding algorithms. The user may choose 
amongst a selection of ways of navigation. Apart from navigating from 
his current location to a desired destination, he/she also has the option 
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of requesting for a time-based tour on random points of interest. All 
these algorithms generate paths specific to the user’s profile. 

• Instructions generation algorithm. In the current thesis a specific 
algorithm is presented for creating textual instructions for the suggested 
path. This particular algorithm is quite simple but is generic enough so 
that any further addition based on specific user profile parameters is 
feasible. 

1.2 Definition of terms 
 

In this section, in order to make the reader acquainted with the basic 
terminology, some specific terms which have been mentioned above, will be 
described in more detail.  

1.2.1 Ontologies 
 

The term ontology originates from philosophy. In that context, it was used 
as the name of a subfield of philosophy, namely the study of the nature of 
existence (the literal translation of the Greek word ‘Οντολογία’: the branch of 
metaphysics concerned with identifying, in the most general terms, the kinds of 
things that actually exist, and how to describe them. For example, the 
observation that the world is made up of specific objects which can be grouped 
into abstract classes based on shared properties is a typical “ontological 
commitment”. 

However, in more recent years, “ontology” has become one of the many 
words that has been hijacked by Computer Science and has been given a 
specific technical meaning that is rather different from the original one. Instead of 
“ontology” we now speak of “an ontology”. For our purposes, we will use Gruber’s 
definition, later refined by Studer:  

“Ontology is a formal, explicit specification of a shared conceptualization” 
(R. Studer 1998, original definition from T. Gruber in 1993) 

In general, an ontology describes formally a domain of discourse. 
Typically, an ontology consists of a finite list of terms, and relationships between 
these terms. The terms denote important concepts (classes of objects) of the 
domain. For example, in a university setting, staff members, students, courses, 
lecture theaters and disciplines are some important concepts. 
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The relationships include typically hierarchies of classes. A hierarchy 
specifies a class C to be a subclass of another class C0 if every object in C is 
also included in C0. For example, all faculty are staff members.  
Apart from subclass relationships, ontologies may include information such 

as: 

• properties (X teaches Y) 
• value restrictions (only faculty members can teach courses) 
• disjointness statements (faculty and general staff are disjoint) 
• specification of logical relationships between objects (every department 
must include at least 10 faculty members). 

In the context of the Web, ontologies provide a shared understanding of a 
domain. Such a shared understanding is necessary to overcome differences in 
terminology. One application’s zip code may be the same as another 
application’s area code. Another problem is that two applications may use the 
same term with a different meaning. In university A, a course may refer to a 
degree (like computer science), while in university B it may mean a single subject 
(CS101). Such differences can be overcome by mapping the particular 
terminology to a shared ontology, or by defining direct mappings between the 
ontologies. In either case, it is easy to see that ontologies support semantic 
interoperability. 

In a technical level, an ontology is a class hierarchy and the more its 
soundness and formalism is expanded, the more elements are added in this 
initial hierarchy. These elements could be the attributes, the restrictions, the 
axioms and the relation or roles. In general, an ontology is not far from the sets of 
classes that exist in the object oriented programming or Entity-Relationship 
models in database architecture. The main difference is that every element has 
explicit formal semantics. So an ontology is described with the semantic help of 
its description language. 

Ontologies are often equated with taxonomic hierarchies of classes, class 
definitions and the subsumption relation, but ontologies need not be limited to 
these forms. Ontologies are also not limited to conservative definitions, such as 
definitions in the traditional logic sense that only introduce terminology and do 
not add any knowledge about the world (Enderton, 1972). 

 To sum up, the semantics of a term is a set of meta-data and the most 
appropriate method of its representation is by using ontologies. When an 
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ontology is designed and created for a specific domain of interest, the main goal 
is to preserve a generally accepted vocabulary and to exploit all the benefits of 
conducting conclusions using the related semantic information. 

1.2.2 Pervasive Computing 
 Pervasive computing is a rapidly developing area of Information and 
Communication Technology. The growing availability of microprocessors with 
inbuilt communications facilities, made possible for pervasive computing to enter 
into people’s lives and environments. Pervasive computing has many potential 
applications, from health and home care to environmental monitoring and 
intelligent transport systems. 

The goal of pervasive computing, which combines current network 
technologies with wireless computing, voice recognition, Internet capability and 
artificial intelligence, is to create an environment where the connectivity of 
devices is embedded in such a way that the connectivity is discreet and always 
available. Pervasive computing devices are not personal computers as someone 
could think of them, but very tiny, even invisible, devices, either mobile or 
embedded in almost any type of object imaginable, including cars, tools, 
appliances, clothing and various consumer goods, all communicating through 
increasingly interconnected networks. 

The idea of Pervasive or Ubiquitous Computing was firstly expressed by 
Mark Weiser in 1991 [1]. This idea describes a new model of computer 
environments in which there exist many microcomputers that cooperate to 
provide to the user a total new experience. The integration of such a model 
includes several stages and different research fields. Some of them are: 

• Smart adaptive user interfaces. 
• Cyberforaging 
• Proactivity 
• Smart Spaces 
 
One of the fundamental principles of pervasive computing is the human-

centered system design, both hardware and software. User should interact and 
exploit system functionality without even realizing the existence of the system 
devices or without knowing system’s technical characteristics. The services that 
are suggested by this model are personalized for every user and take into 
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consideration the contextual information, such as user profile, position, 
environmental conditions and security restrictions, in order for the model to fulfill 
the user’s needs successfully. Obviously, these needs should not be defined 
explicitly from the user, but the system should have the ability to conduct them 
from the contextual information. The final result of such a confrontation of user 
needs, leads to a human-centered system where user is neither disturbed nor 
annoyed by system behavior.   
 There is a wide range of potential benefits for government, service 
providers and consumers as computing technologies become more pervasive. 
There is debate over how to address concerns over privacy, security, safety and 
sustainability while still realising the benefits of pervasive computing. Such 
concerns may need to be addressed by means of voluntary guidelines, legislative 
measures, physical design, or a combination of these. 

1.2.3 Semantic Web 
 
The value and the contribution of the World Wide Web (WWW) in the 

relationship between human and computer is obviously great. WWW gave the 
ability to millions of people to communicate and interact, no matter where they 
are, in which ethnicity they belong and what are their interests. Nowadays, a very 
large part of human communication via computers is covered by internet and its 
basic application, WWW. 

However, WWW faces a serious weakness; it is based on the syntactic 
description of the content, in order to be comprehended by humans. As a result 
web pages only contain information in human understandable format, such as 
texts, pictures and videos and make it impossible for machines to automatically 
process internet data. Such a data process presupposes a proper description of 
the published content and algorithm that will add the necessary intelligence in the 
machines. Such a description should contain, apart from the basic human-
readable content, data that will be purposed exclusively for computer processing 
and will include content semantics. 

The above weakness of WWW and the proposed solution was visualized 
by Tim Berners-Lee [2], who named the evolution stage of WWW as Semantic 
Web. The Semantic Web targets on structuring the content of web pages and 
creating an environment where software agents traversing the WWW would have 
the ability to execute advanced operations for users. The Semantic Web is not a 
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different internet but an expansion of the current WWW, in which data are 
characterized from structured content, giving the possibility for an advanced 
communication between human and computer, since there will be a common 
language between them, the semantic description. 

Semantic web is the base of a complete distributed form of artificial 
intelligence. As it is well known, artificial intelligence is basically occupied with 
two subjects: knowledge representation and methods of searching and 
reasoning. In order for the Semantic Web to function properly, computers should 
have access in structured knowledge bases and in inference rules which could 
be used for executing automatic reasoning. The existed technologies of 
knowledge representation have made some progress but they are still not able to 
fulfill the expectations of artificial intelligence. The traditional methods of 
knowledge representation presuppose a common, universal knowledge base and 
rules so as everybody use them. On the other hand, the Semantic Web does not 
impose the absolute conformity among the systems which are interconnected, in 
accordance with the convention of WWW: there is no certainty that you will find 
something you are seeking, even if it exists. Despite the cost, however, it 
provides flexibility and expressiveness since it does not limit the process of 
knowledge representation. Thus a challenge for Semantic Web is to supply with 
a language which can express data and rules of reasoning and will permit the 
proper functionality of every existed system of knowledge representation in 
WWW. 

The Semantic Web is not a vision for the future of the Web any more, it is 
becoming a reality , in which information is given explicit meaning, making it 
easier for machines to automatically process and integrate information available 
on the Web [3]. The Semantic Web will build on XML's ability to define 
customized tagging schemes and RDF's flexible approach to representing data. 
The first level above RDF required for the Semantic Web is an ontology language 
that can formally describe the meaning of terminology used in Web documents. If 
machines are expected to perform useful reasoning tasks on these documents, 
the language must go beyond the basic semantics of RDF Schema. 
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1.2.4 Location Based Models 
 

Location information is crucial for many mobile and Pervasive Computing 
applications. Location is used for a variety of purposes, e.g., to track people, to 
guide visitors, to trigger events or to route communication packets. These 
systems use a location model to represent different locations. The model allows 
one to distinguish between different locations, to compute with them, for example 
to compare locations or calculate distances, or to present the information to the 
user. The choice of a location model has implications on the usability of the 
applications as well as on the ease of implementation. Furthermore, different 
application domains might need different types of location models. Below, two 
categories of location modeling are presented: 

• Geometric models: The first category is based on Euclidean geometry and 
defines location by way of coordinates, usually chosen as orthogonal 
(a.k.a. Cartesian) coordinates relative to a given Coordinate Reference 
System. Technologies such as scene analysis will usually provide their 
output according to such a model. 

• Semantic models: In this model, location concepts are defined relatively to 
a given universe of discourse such as architecture, physical geography, 
political geography, city planning, etc. The perspective is to link a 
mathematical definition of position (as in the geometric, the set or the 
structural model) to a more human friendly notion of place as in [4]. The 
goal is to automate the process with an explicit definition of the semantics 
for the computers to understand it in a ubiquitous environment. 

In order to access the situational context of the user within the intelligent 
environment, the gap between the coordinate based pedestrian positioning 
system and the symbolic ubiquitous world mode must be bridged. There are 
good reasons to use both models:  

• To express the user’s situational context, symbols to denote locations are 
needed.  

• Geographical Coordinates are not useful to represent locations in multi-
level indoor environments.  
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• In order to compute the user’s location from numeric sensor information 
(e.g. GPS) and to provide the user with situated navigational aid (“go 5 
meter, then turn left“) geometrical knowledge is needed.  

• For advanced visualization, e.g. from an egocentric perspective, a true 3D 
model is required.  
A hybrid location model is a well-defined structure of data about a situation 

according to its location. A hybrid location model can make the description of a 
physical situation exact and rich: it has both geometrical and semantic 
information. Geometrical information depends on distance measurements, while 
semantic information refers to relationships among spaces, spatial elements, 
objects and users. 

A location-aware system must be based on a well-defined location model. 
It is recognised from all above that the chosen location model determines the 
functionality supported by a location service. It became evident that the location 
model also has major architectural implications. A simple yet powerful model, 
which is free of immediate dependencies on sensor technologies or application 
domains, should provide the key to solving issues of security, scalability and 
manageability. 

1.2.5 Context-Aware Systems 
 

Context is a powerful, and longstanding, concept in human-computer 
interaction. Context can be used to interpret explicit acts, making communication 
much more efficient. Thus, by carefully embedding computing into the context of 
human activities, it can serve with minimal effort on user part. Communication 
can be not only effortless, but also naturally fit in with all user ongoing activities. 
Pushing this further, the actions taken are not even felt to be communication acts 
at all; the user is rather just engaged in normal activities and the computation 
becomes invisible. 

One challenge of mobile distributed computing is to exploit the changing 
environment with a new class of applications that are aware of the context in 
which they are run. Such context-aware software adapts according to the 
location of use, the collection of nearby people, hosts, and accessible devices, as 
well as to changes to such things over time. A system with these capabilities can 
examine the computing environment and react to changes in the environment [5]. 
Three important aspects of context are: where you are, who you are with, and 
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what resources are nearby. Context encompasses more than just the user’s 
location, because other things of interest are also mobile and changing. Context 
includes lighting, noise level, network connectivity, communication costs, 
communication bandwidth, and even the social situation, for example whether 
user is with his/her manager or with a co-worker [6]. 
 One goal of context-aware computing is to acquire and utilize information 
about the context of a device to provide services that are appropriate to the 
particular people, place, time, events, etc. For example, a cell phone will always 
vibrate and never beep in a concert, if the system can know the location of the 
cell phone and the concert schedule. However, this is more than simply a 
question of gathering more and more contextual information about complex 
situations. More information is not necessarily more helpful. Further, gathering 
information about user activities intrudes on his/her privacy.  

1.3 Description of the remaining chapters 
 

This first chapter introduced the subject of the master’s thesis and 
presented briefly the main points of research and integration which will be 
described in later chapters in detail. Furthermore, a separated section was 
dedicated to inform the reader about specific terminology, in order to get familiar 
with useful definitions and background knowledge, essential for the 
comprehension of current thesis. 

Chapter 2 will be an effort to present and summarize the main 
characteristics of some important integrated navigation systems and to mention 
not only their positive points but their weaknesses as well. Then, a small review 
of the literature related to spatial modeling systems will be delivered and finally a 
small section about the innovative themes, this particular thesis introduces, will 
be outlined.      

Chapter 3 will state the full system design and architecture, while chapter 
4 will describe all the implementation techniques as well as the system 
information flow. Also all the design and implementation tools, which have been 
used, will be mentioned. Finally, in chapter 5, a brief summary and all the thesis 
concluding ideas will be stated. Moreover some evaluation scenarios and results 
will be presented as well as the opportunities for future work.              
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Chapter 2 

2 Literature Review 
 

 

 

As mentioned in the previous section, then general goal of the thesis is the 
creation of an indoor contextual navigator that will have the ability to guide 
pedestrians through buildings. This section is an effort to describe the main 
navigation systems that have already been developed and the fundamental 
related research topics that other authors have confronted. The emphasis is put 
on the tracking technologies and methodologies, the spatial modeling and the 
navigation algorithms, as these are the main aspects considered in the present 
work. 

2.1 Integrated Navigation Systems 
 

2.1.1 Cyberguide 
 

The research and development for navigation systems has been improved 
during the recent years. One of the first systems oriented towards human guiding 
was Cyberguide, which served both indoor and outdoor navigation purposes. It 
was firstly designed as a tool to aid tourists inside museums and archeological 
sites according to the position of the user and his/her direction[7]. The challenge 
addressed in Cyberguide was how to build mobile applications that usefully 
leverage off information about the context of the user. Cyberguide provided a 
position-aware handheld tour guide for directing visitors around the GVU Lab 
(GVU Center & College of Computing, Georgia Institute of Technology). 

Visitors to a GVU open house were typically given a map of the various 
labs and an information packet describing all of the projects that were 
demonstrated at various sites. Collapsing all of the paper-based information into 
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a handheld intelligent tour guide that knew user’s location, his/her intentions and 
could answer typical questions provided a test bench for research questions on 
mobile, context-aware application development. The architecture of Cyberguide 
consisted of four independent components: the map, the information base, the 
positioning system and the communications system. 

The map was the view interface which the visitor used to navigate. 
Visualizing and manipulating the map dominated the user interface of 
Cyberguide. It could be viewed at varying levels of detail and it could also be 
scrolled around. The visitor was indicated by location and orientation on the map 
and various demonstrations were also marked. Information on a demonstration 
was revealed by an explicit pen touch on the map or by wandering "close" to a 
demo. Touching the name of the demo would move the user in hypertext fashion 
to an information space component that described relevant information on the 
project and people associated with that particular demonstration. The positioning 
component provided constantly updated information on the location and 
orientation of the tourist. To facilitate communication, an application-level 
protocol on top of Appletalk was designed. This communication mechanism 
permitted a user to send e-mail, print documents, and eventually communicate 
with other Cyberguide users. 

As presented, this particular system focused on the development of a set 
of novel devices that included special communication software and user 
interfaces. So, the main target of this work was not the navigation procedure per 
se. Namely the focus was on the user and the communication interfaces rather 
than the spatial modeling and navigation algorithms. 
 

2.1.2 Navio 
 

A more recent and improved solution which also took under consideration 
the human factor and contained human-centric criteria was Navio system [8]. 
Navio(Pedestrian Navigation Systems in Combined Indoor/Outdoor 
Environments), targeted in the development of an ontology that would provide 
guiding information to the users describing the criteria, the actions and the 
reference objects that pedestrians use during their routing. Project mainly 
focused on the information aspect of location-based services, especially on the 
user’s tasks and the support of the user’s decisions by information provided. 
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Specifications allowed to select appropriate sensor data and to integrate 
data when and where needed, to propose context-dependent routes fitting to 
partly conflicting interests and goals as well as to select appropriate 
communication methods in terms of supporting the user guidance by various 
multimedia cartography forms. These tasks are addressed in the project in three 
different work packages, the first on “Integrated positioning”, the second on 
“Pedestrian route modeling” and the third on “Multimedia route communication”. 
However, Navio emphasises on location fusion and user interface and does not 
contribute on the subject of the most appropriate path. 
In particular, in the work package “Integrated positioning” of the research 

project Navio, the following challenging tasks are addressed: 

• The capability to track the movements of a pedestrian in real-time using 
different suitable location sensors and to obtain an optimal estimate of the 
current user’s position. 

• The possibility to locate the user in 3 dimensions with high precision (that 
includes the ability to determine the correct floor of the user in a multi-storey 
building). 

• The capability to achieve a smooth transition for continuous positioning 
determination between indoor and outdoor areas. 

The specialized research hypothesis of this work package in the project Navio 
is that a mathematical model for integrated positioning can be developed that 
provides the user with a continuous navigation support. Therefore appropriate 
location sensors have to be combined and integrated using a new multi-sensor 
fusion model. 
Navio, as it is obvious from the presentation above, strongly emphasises on 

location fusion and user interface, but its contribution on the pathfinding section 
and especially on the correspondence of an appropriate path to the specific 
needs of each user, is relatively poor. 
 

2.1.3 myCampus 
 

Carnegie Mellon University developed, after a five year research effort, 
myCampus system, a Semantic Web environment for context-aware mobile 
services aimed at enhancing everyday campus life [9]. The project has focused 



15 
 

on multiple areas of expertise, combining the development of an open Semantic 
Web infrastructure for context-aware service provisioning with an emphasis on 
issues of privacy and usability. Work in myCampus combines technology 
development such as context-aware agents and location tracking functionality 
with evaluation methodologies. A central element of the myCampus architecture 
is its use of Semantic e-Wallets aimed at reconciling user demands for context 
awareness and privacy as well as a description of different context-aware 
applications developed and evaluated during the course of the project. 
In myCampus, users can acquire different sets of task-specific agents that help 
them with different tasks. To properly operate these agents requires knowledge 
of one or more contextual attributes about their users as well as possibly other 
users. These attributes can potentially be acquired from a number of possible 
resources, which typically vary from one user to another and may even vary over 
time for the same user. To overcome this challenge, sources of contextual 
information in myCampus are modeled as Semantic Web Services that can 
automatically be discovered and accessed by agents. Access to a user’s 
contextual resource is controlled according to user-specified privacy preferences. 
The e-Wallet Manager serves as a repository of static knowledge about the user, 
except that here knowledge is represented using OWL. In addition, the e-Wallet 
contains knowledge about how to access more information about the user by 
invoking a variety of resources, each represented as a Web Service. This 
knowledge is stored in the form of rules that map different contextual attributes 
onto one or more possible service invocations, enabling the e-Wallet to 
automatically identify and activate the most relevant resources in response to 
queries about the user’s context. User-specified privacy rules, also stored in the 
e-Wallet, ensure that information about the user is only disclosed to authorized 
parties, taking into account the context of the query. Clearly, agents are not 
limited to accessing information about users in the environment. Instead, they 
also typically access public Web. 
The MyCampus infrastructure has been instantiated in the context of several 

prototype Ambient Intelligence environments, including: 

• An environment aimed at enhancing everyday campus life at Carnegie 
Mellon University. 

• A museum tour guide environment developed for the National Museum of 
Natural Science in Taiwan. 
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• A smart office environment. 

The MyCampus environment and its applications have been evaluated 
through a series of experiments in which users were observed and data collected 
over periods of several days at a time. The priority of the system to the user’s 
privacy and preferences is obvious. However, there is not extended development 
on the field of the human-centric navigation. 
 

2.1.4 OntoNav 
 
A science group of Department of Informatics & Telecommunications, 

University of Athens, developed Ontonav, an integrated navigation system for 
indoor environments which uses a hybrid modeling, both geometric and symbolic 
[10]. OntoNav is purely user-centric in the sense that both the navigation paths 
and the guidelines that describe them are provided to the users depending on 
their physical and perceptual capabilities as well as their particular routing 
preferences. Physical capabilities include the user’s capability to walk, to see, to 
use stairs, whereas perceptual capabilities are connected to how easily one can 
be guided in an unknown environment. These latter capabilities depend usually 
on the user’s age and/or cognitive status. Routing preferences include user 
defined points of interest that should be included to the identified path, and 
preferences that rely on the semantic attributes of the path. OntoNav is 
comprised of the following building blocks: 

• Navigation service: This service can be defined as the interface between the 
system and its users. It accepts navigation requests and responds with the 
optimal path, if any. 

• Indoor navigation ontology: This spatial ontology, named Indoor Navigation 
Ontology (INO), describes the basic spatial and structural concepts of indoor 
environments, as well as their relationships. Specifically, it provides a 
semantic spatial model for reasoning about the selected paths. 

• User navigation ontology: In order to model user context, a specific ontology 
has been developed, named User Navigation Ontology (UNO). This ontology 
contains user classes and elements of the user context. Each user profile is 
classified into one or more navigation classes according to its characteristics. 
Both the INO and UNO ontologies have been modeled through OWL. 
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• Path selection rules: The path selection process is performed through a set of 
rules. The definition of such rules also involves the spatial semantics and the 
user semantics. The rules are applied to the INO instances in order to 
determine the paths that are considered appropriate and accessible for each 
user request. 

• Indoor geospatial model: The INO instances are created through a geometric 
representation of the indoor topology. Such geometric data may initially reside 
in a Geographic Information System (GIS) as building blueprints and be 
transformed to actual spatial ontology instances. 

• Routing algorithm: This algorithm is a central element of the framework and, 
in combination with the Path Selection Rules, is responsible for the 
determination of the optimal path between two given endpoints. The algorithm 
used in OntoNav is a k-shortest paths searching algorithm. The main idea is 
that the shortest path may not always be the optimal path. 

• Indoor positioning system: OntoNav symbolically locates the users in the 
navigation space according to the spatial model described by INO. It is 
important to note that, in cases where the positioning accuracy is better than 
the location modelling granularity, an approximation error may be introduced 
in the estimated location of the user. However, this error does not significantly 
affect the quality of navigation. 

As mentioned above, the main objective of the system is to provide a user-
centric navigation paradigm for indoor environments based on the user’s physical 
and perceptual capabilities and limitations. In order to achieve this objective, the 
system is aware of the user capabilities, which are described by the user profile 
(UP). A UP is defined as a collection of classified attributes, most of which 
represent specific user capabilities/limitations. OntoNav uses the user profiles in 
conjunction with various user-independent rules in order to infer which of the 
walkable paths are suitable for a given user and how the navigation guidelines 
should be presented. These two selection processes are implemented with the 
aid of three kinds of navigation rules, the physical navigation rules, the 
perceptual navigation rules, and the navigation preferences. 
The proposed navigation scheme is largely based on semantic descriptions of 

the constituent elements of navigation paths, which, in turn, enable reasoning 
functionality. Thus, Ontonav project group developed the Indoor Navigation 
Ontology (INO), so as to suit both the path searching and the presentation tasks 
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of a navigation system. The INO ontology is the basic skeleton on which we also 
developed our navigation ontology, the one used in the thesis demonstration 
application. 

2.2 Spatial Modeling 
 

Spatial modeling is a problem that has occupied scientists for many 
decades. From time to time, many models have been proposed but most 
researchers agree that there are two main spatial model categories: symbolic 
and geometric. The first category is based on the functionality, the properties and 
generally the description of space. Symbolic locations and objects have their 
unique names (called “symbols”) to identify them among all entities. A partial 
ordering of these symbols forms a location hierarchy, such as a tree or a lattice. 
However, such models suffer from the huge cost of manual construction and 
maintenance. On the other hand, in geometric models, locations and objects are 
represented as points, areas or volumes within a reference coordinate system. 
Moreover each of the categories above favors a specific category of services or 
spatial queries. For example a symbolic model cannot provide answers to 
queries asking for distance, closest neighbors or shortest paths. So one could 
obviously expect that a hybrid model would combine the advantages of each 
method and constitute a powerful tool for location based services 
implementation. Such a semi-symbolic model that decouples application 
representation (symbolic-based) from the sensor representation (geometric-
based) of locations was developed in [11] by Leonhardt. 
A very informative book (workshop proceedings) about location modeling is [12], 
which aims to develop an understanding of how to model location information, 
including the following topics: 

• Enumerate and compare existing location sensing technologies and their 
underlying location models. 

• Consider the usefulness of existing location. 
• Present, assess and compare new models. 
• Assess how models and data might be shared for reuse. 
• Explore the complementarities and potential synergies between different 
location models. 
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• Understand how technical parameters should be represented in a location 
model. 

Existing approaches for indoor navigation were driven by geometric 
information and neglected important aspects like the semantics of points/areas 
and user preferences. The derived applications were not intelligent enough to 
contribute to the pervasive computing vision. In [13], a novel navigation 
mechanism is introduced. Such a navigation scheme is enriched with user 
profiles and the adoption of an ontological framework. Another study [14] 
describes COBRA-ONT, an ontology for supporting pervasive context-aware 
systems. COBRA-ONT, expressed in the Web Ontology Language OWL, is a 
collection of ontologies for describing places, agents, events and their associated 
properties in an intelligent meeting room domain. 
Another interesting approach of spatial modeling, emphasizing on navigation 

services is presented in [15]. The main purpose here is to design a spatial model 
which can be easily constructed from ground plans and able to assist in 
implementation of navigation and spatial searching services. Moreover the model 
is based on a sound location theory. It is mainly composed of two hierarchies: a 
location hierarchy and an exit hierarchy.  By “exit” the authors define any form of 
spatial limit,  that designate the entrance/exit from/out of an area. The location 
hierarchy is used to model the topological relationships between spatial 
elements. Basically, every spatial element is placed in the hierarchy according to 
which other elements it leads to. On the other hand, the exit hierarchy represents 
the distance between those elements. The distance may either be Euclidean or 
of semantic nature as long as some conditions, described in the paper, are 
satisfied. Both hierarchies can be derived from spatial maps, such as floor plans, 
without manual intervention. As regards the geometrical view of the model, it is 
described by attributes on each element of the above hierarchies (e.g. Euclidean 
area coordinates etc). The main concept behind these attributes is to use the 
geometrical information to construct the hierarchies and the rest of the algorithms 
are executed on these. 
Another model, purely symbolic model, named Vitruvius, can authorize and 

store locations efficiently [16]. The location database can be used effectively as a 
predefined communication interface information in the ubiquitous computing 
system. Vitruvius has the ability to semantically recognize human location related 
with the space and spatial elements and to indicate the location based on the 
symbolic location model. 
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COMANTO (COntext Management oNTOlogy)[17] is a hybrid context ontology 
and describes general context types and interrelationships that are not domain, 
application or situation specific. The location-based context model proposed 
focuses on addressing context management challenges in distributed pervasive 
environments and is integrated with the COMANTO context knowledge. The 
combined modeling approach aims to enable efficient management of context 
data and allow for a widely applicable context formalism. 

Finally, a system using location and motion modeling is used here [18]. One 
of the main purposes of the walk ontology proposed is to capture navigation 
instructions in a language and walking direction independent way. This means 
that an author is able to create navigation instructions by using native language 
and by describing walking direction. The system should then be able to reuse 
that information for generating instructions in other languages and/or other 
walking directions. For this reason authors do not start with typing navigation 
instructions manually but they make use of a limited vocabulary. They select from 
a list of possible, standardised instructions and other building blocks to enter 
additional information. Three parameters characterize each individual navigation 
instruction: the type of navigation instruction, the direction in which the hiker 
should proceed and the combination of a geographic feature and a spatial 
relation. 

2.3 Path- finding algorithms 
 

Apart from the classic shortest-path algorithm presented by Dijkstra [19] , 
some researchers studied cases of algorithms oriented more towards pedestrian 
navigation. A representative example of such work is [20], where an algorithm 
calculating the simplest path between two points, is described.  The main 
concept here is that the form and complexity of route instructions may be as 
important to human navigators as the overall length of route. So the author 
defines as “simplest” the path with the smallest complexity as regards the 
complexity of instructions. The proposed algorithm has quadratic computation 
O(n4) time for a planar graph, where n is  the number of edges on the navigation 
graph. The paths computed by the algorithm, are longer than the shortest one, 
but based on empirical studies, only 16% longer. The main concept behind the 
algorithm is to place weights on edges, based on the complexity of their 
connection. The simplest connections (e.g. straight route), have smaller weight 
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than more complex ones (e.g. turn on a corridor junction). It must also be noted 
that the algorithm does not consider at all the length of each edge. The lack of 
distance information means the simplest path algorithm does not depend on an 
arbitrary assignment of weights to the relative importance of distance and 
instruction complexity. Given a weighting function for instruction complexity, the 
simplest path algorithm proposed yields a uniquely determined simplest path 
from start to destination. 

Another sample of relative work is presented in [21]  . The paths composed 
by this algorithm are presented as “less risk paths”. What is important for this 
piece of work, is the lowest probability of getting lost. The author extends the 
Dijkstra algorithm to produce the path with least risk of getting lost. The valuable 
parameter here is risk. Every intersection has a risk; the more streets connect the 
higher is the risk of selecting the wrong one. The cost associated with the wrong 
decision is the length of the segment to the next intersection. Here it is assumed 
that the traveler will discover the error at the next intersection and return to the 
intersection where he made the wrong turn. So each path is composed by 
segments and decision segments. For the calculation of the “less risk” path, the 
risk values for decision points are mostly taken under consideration by using the 
following formula: 
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The total risk value for a path, is the sum of risk values of all the decision points 
included in this path. 
 

2.4 The innovative ideas introduced 
 

In the two previous subsections, while studying the background information 

of the thesis, an effort was made to present the basic structure of some important 

navigation systems. It was an effort to highlight their positive suggestions in the 

research field as well as to uncover their weaknesses. Some of them were 

designed using geometric location modeling and as a result their contribution to 

the semantically enriched contextual guiding was poor. Others were designed 

according to the semantic location model, so the path finding part of the 

application was weakened. Finally the systems which introduced the hybrid 
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location model were mostly dedicated on the user navigation services, such as 

the privacy, preferences and the suggestion of the optimal path. But 

independently of the location model, almost all the systems when producing a 

path, it was in terms of a predefined destination. 

 Apart from the obvious profile-aware generation of a path, where the user 

provides the desired destination, we provide the user with another option, which 

is a novelty of this work. The user has the possibility to ask for a time-constrained 

tour. The user provides as the only input the maximum time he has available. 

Then the system generates a path, which includes as many points of interest as 

possible and which the user can visit in the specified time. In general for both 

cases we make use of a generic two step methodology, which makes the 

procedure of adding new selection criteria very easy. 

 Moreover we propose an API for generating vector based graphic maps, 

which can be used for the counter-interaction between the system and the user. 

These files can be produced by easily found resources, such as ground 

blueprints and images. However, the most important characteristic is the ability to 

automatically populate the spatial ontology based on these vector files. This way, 

the designer can generate in an intuitive way the spatial model of our knowledge 

base. 

 Finally a module for generating textual instructions has been designed as 

a proof of concept. This model is quite simple and basically focuses on 

generating instructions emphasizing on the orientation of the movement 

(left/right) when the user changes direction and the transition between some of 

the basic elements of the proposed spatial model. However this module can be 

easily expanded to support more profile-oriented features. 
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Chapter 3 

3 System Design & Architecture 
 
 
 

3.1 General Architecture 
 
As mentioned in the introductory section, this work is part of a major framework, 
the C-NGINE framework. C-NGINE is an integrated contextual navigation system 
for indoor environments. It consists of five fundamental components; a User 
Interface, a Knowledge Base (KB), a Services Layer, a Reasoner and a Rule 
Engine. These components form our system’s architecture as depicted in  Figure 
1 and in general comprise of the following: 

• User Interface: Each user interacts with a User Interface; the system takes 
feedback from the user and displays essential data. The user inserts data in 
order to create a unique user profile and edit his/her privacy preferences. 
Additionally, the user is enabled to customize various parameters for path-
finding and deviation purposes. For example, a user may instruct the system 
to interrupt him/her if he/she deviates from the proposed path. Through the 
same interface, the system also provides responses to user queries, such as: 
“Which is the quickest way to the restaurant?” or “Where is my colleague 
John?” 

• KB: All information is stored in KB, in the form of semantic web rules and 
ontologies, which contains the schema and instances of our modeled classes 
and properties. For usability and clarification purposes, we split KB into three 
ontologies; the User Profile Ontology (UPO), the Spatial Ontology for Path-
Finding (SOP) and the User Tracking Ontology (UTO). 

• Services Layer: C-NGINE’s main functionality is represented by the Services 
Layer, which is decomposed into three mutually dependant components; the 
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User Modeling Component, the Contextual Path-Finding Component, and the 
User Tracking Component. 

• Reasoner: Reasoner is a mechanism for inferencing logical consequences 
from a set of asserted facts and axioms. The main services of a Reasoner are 
consistency checking, taxonomy classification and computation of inferred 
types. This is actually used only by the User Modeling Component. 

• Rule Engine: Rule Engine is an environment which enables reasoning on the 
available context using knowledge supplied in the form of rules. 

As shown above, the Knowledge Base comprises of three different 
components that actually interact with each other. Both UPO and SOP import 
one another in order to create function rules and conditions that connect users 
and user categories with spatial elements. UTO also imports the two 
aforementioned ontologies. The user tracking process demands access to user’s 
profile information and besides this, user’s position and motion modeling also 
requires direct communication with the spatial model. 
 

 

 Figure 1. General System Architecture  

 
Apart from the Knowledge Base we also make use of an application 

programming interface (API) as a middleware between KB, Reasoner and Rule 
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Engine. API provides KB as input to both the Reasoner and the Rule Engine. 
Respectively, derived results from the Reasoner and the Rule Engine are stored 
to KB through the API. Also the API provides a programming communication 
layer, between the components of the services layer. For example, when the 
tracking system detects a user deviation, it should dynamically re-plan the 
proposed route and present the new optimal path. In this case, the tracking 
system should call the path finding algorithm with parameters the user’s current 
position, as start point, and the same destination as before. 
Below are briefly summarised all the cases in which the contextual path-

finding system communicates with the other components: 

• User instantiation: In the beginning of the contextual guide’s operation, the 
user either creates a new profile, or imports an already created one. In 
either case, the contextual path-finding component transforms the graph 
which represents the total spatial model, following a procedure that will be 
analyzed on a later section. 

• User request for path-finding. This procedure is intuitive. Our component 
communicates with the User Modeling component in order to create the 
most appropriate path, based on the user’s profile and preferences. 

• User feedback: User is able to give feedback in three different occasions, 
a locked door, a path obstacle or a malfunctioning motor passage. In 
these three occasions the spatial model / graph should be updated with 
the new information. 

• User deviation: If a user deviates from the proposed route, the Tracking 
component calls the path finding algorithm and dynamically re-plans the 
proposed path. 

In Figure 2, a general diagram of the contextual path-finding system 
architecture is presented. The system is separated in three distinctive layers, the 
knowledge base layer, the services layer and the user interface layer. The arrows 
express the flow of information between those layers. 
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Figure 2. General architecture and information flow of the Contextual Path-finding 
Component 

 

• Knowledge Base layer. The first layer includes two of the aforementioned 
ontologies, the Spatial Ontology for Path-finding and the User Profile 
Ontology, which will be analyzed in sections and 3.4.1 and 3.2.1 respectively. 

• Services layer. The second layer contains the application’s middleware API, 
which communicates with both the ontology and the User Interface. In fact, it 
forwards the model’s information to the user interface and correspondingly 
updates the ontology according to user’s behavior and actions. The provided 
services here are related with the generation of the most appropriate path and 
guidelines that may follow it. The algorithms related with these functions are 

presented in . The choice of the most appropriate path is based on user’s 
profile and on the semantics behind the spatial elements the path comprises 
of. This approach is expressed through production rules in Semantic Web 
Rule Language (SWRL). More details on these rules and the rationale behind 
their use are found in section Error! Reference source not found.. 

• User Interface layer. This layer comprises of three different components. • User Interface layer. This layer comprises of three different components. 
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o Web User Interface: refers to the html and JavaScript based 
features which are developed to present to every user the 
contextual guide application. 

o SVG based map modeling: refers to the SVG map files which 
include the geographical representation of the desired space and 
contain useful information, such as path element coordinates. The 
methodology for creating these SVG map files will be presented in 
section 3.4.2.1. 

o The GUI API: refers to the JavaScript API which is developed to 
receive spatial information from the SVG, handle user actions and 
establish communication with the application’s middleware API.  
Another important role here is the translation of the coordinates of 
the Location Sensing System to the coordinates produced by our 
system and vice versa. In our work we did not implement such a 
procedure, as the provided Location Sensing System was not 
mature enough at the time of the implementation. 

3.2 User Modeling Component 
 
The User Modeling component includes the user model, which describes the 
user’s profile and context information, and the classification of users into various 
user groups. User Modeling uses two autonomous processing segments; the 
Reasoner, which classifies the user into various user groups, and the Rule 
Engine which executes user classification (static) rules and user defined 
(dynamic) rules. Each of these segments requires input from users (through a 
user interface) and a Knowledge Base which stores the users’ profiles. As 
regards the User Modeling component, we will refer to a particular segment of 
the Knowledge Base, the User Profile Ontology (UPO). 

3.2.1 User Profile Ontology (UPO) 
 
User modeling techniques used in prior works include various modeling 
approaches, such as key-value models, markup scheme models, graphical 
models, object oriented models, logic based models and ontology based models 
[22]. In our case, we concluded that the most promising assets for context 
modeling for ubiquitous computing environments can be found in the ontology 
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based models, because semantics-based technology is widely considered as the 
most enabling research direction. 
The aim of User Modeling component is to capture all user-related information. 
As a result, we model not only the users’ profiles, but also their context. UPO is 
developed as an extension of OntoNav's ([23],[24]) User Navigation Ontology 
(UNO) to give emphasis on context-awareness and modeling of users' 
dimensions. Such characteristics are essential for the development of group-
oriented services, such as semantic notes, semantic alerts, and single-
user/group calendars. 
The schema of UPO includes classes that describe different types of user, and 
other information which is required for classifying users under specific user 
groups. The taxonomy of main classes and their corresponding subclasses is 
depicted in Figure 3. 

 

Figure 3. Main classes of User Profile Ontology 

• User: this superclass includes the user groups a user may belong to, 
according to parameters such as gender (MaleUser/FemaleUser), occupation 
(AcademicStaff or ICSStaff and Visitor) and impairments (NormalUser, 
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HearingImpairedUser, MotorImpairedUser or VisualImpairedUser). 
NormalUser class is further analyzed into LazyUser; users in this user group 
do not have any disability but have expressed specific routing preferences 
such as elevator and escalator, as preferred means of traversing through 
floors. 

• UserGroup:  this class contains user groups that are dynamically created from 
users’ instances that have common interests, work projects, etc. 

• UserCharacteristics: this class describes the information that is required to 
classify the users into dynamic user groups, such as gender (male of female),  
interests (research or general interests), means of guidance (audio, text, and 
graphical) and routing preferences (elevator, escalator, stairs and ramp). 

• Device: in addition to main user groups and the user’s characteristics, we 
model the devices the user interacts with. For device modeling, we use the 
CC/PP [25] vocabulary in UPO. Based on the Semantic Web and RDF 
technologies, CC/PP allows the creation of extensible, non-centralized 
vocabularies, enhancing the management of device capability and user 
preference profiles. For our purposes, CC/PP is only used for device 
modeling. 

• Event: this class describes all activities carried out by users or groups of 
users. 

• Calendar: each user owns one personal calendar. Each calendar contains at 
least one task, in the form of activities. Calendar activities have the same 
characteristics as event activities. Additionally, a user owns user group 
calendars, which are dynamically generated when an event is created. A user 
can have as many user group calendars as the dynamic user groups he/she 
belongs to (according to the projects he/she may be involved in, the events 
that might be interested in, etc). The user group calendars combine the 
characteristics of the groups’ participants (if allowed by their privacy 
preferences), and enable the creation of a common electronic board of alerts 
about new events or projects, group meetings, etc. The publication of alerts is 
always conformed to the users’ privacy preferences. 

 

3.2.2 Privacy Preferences 
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C-NGINE enables users to express their privacy preferences in terms of 
rules. Specifically, users can edit predefined rules to determine what segment of 
their profile is visible and to whom. Initially, the users select if they want their 
profile to be visible. If this is the case, they can choose which parameters will be 
visible and to which user groups or individuals. We also have to note that they 
cannot use arbitrary groups, but exclusively those they belong to. For example, a 
user may want his/her personal data to be visible to all users, while his/her 
calendar to be visible only to his/her colleagues. Another category of rules is 
about notifications depending on a users’ status. For example, if a user is busy, 
then he/she may wish to be notified only via email. 
 

3.3 User Tracking component 
 

This specific system component is responsible for tracking user’s 
movement on the suggested path and providing useful information about user 
location and motion state.  For example, when a user enters an elevator in order 
to move from the ground floor to the first floor of a building, the information 
provided by the system will be: “User is inside elevator and moves upwards”. 
Furthermore, the component is responsible for checking whether a user is 
following the proposed path and for detecting any deviations. In case of a path 
deviation, the User Tracking component dynamically re-plans the user’s 
suggested path from his/her current position. Another case, in which the tracking 
mechanism executes the dynamic re-planning process, is upon receiving user 
feedback. For example, in case a user finds an obstacle blocking the way, he/she 
sends feedback to the application about the collision point and the system 
proposes a new, collision-free, path to user’s desired destination. 

3.3.1 User Tracking Ontology (UTO) 
 
In Figure 4 below, the diagrammatic representation of ontology’s classes is 
depicted, expressing the hierarchy and inheritance that exists between general 
classes and their subclasses. 
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Figure 4. Main classes of User Tracking Ontology 

• LocationDescription: expresses the type of relation between users and 
path elements or Points Of Interest. 

• DynamicDescription: contains all the dynamic types of relations, such as 
towards, away from etc. 

• StaticDescription: contains all the static types of relations, such as at, 
inside etc. 

• Motion: models user’s movement. 
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• Direction: models user’s movement orientation which can be distinguished 
in ClockDirection (movement according to the rotation of clock hands), 
CompassDirection (movement according to a magnetic compass), 
RelativeXYDirection (movement according to the X and Y axis), 
RealtiveZDirection (movement according to the Z axis) and 
Relative0Direction (immobility). 

• MotionState: describes user’s movement state, which can be either 
Standing or Walking. 

• NavigationalPreferences: models user’s navigation preferences, which 
can be either AutonomousNavigation or AssistedNavigation. 

• NaviCharacteristics: models user’s navigation characteristics and 
information. 

• DeviationState: models user’s state according to the number of times 
he/she has deviated from the proposed path, which can be RareDeviate (0 
to 5 deviations), OftenDeviate (6 to 10 deviations) and TooOftenDeviate 
(11 and above deviations). 

• NavigationalState: models user’s state according to his/her navigation 
behavior, which can be either FollowingPath or DeviatingFromPath. 

 

3.3.2 User location modeling and dynamic feedback 
 

The original intention for user’s location modeling is to create a relation of 
the following type: “John is inside roomA”. This expression implies the existence 
of a 3-ary relation, which will connect user class (John) with the static description 
class (inside) and with the space element class (roomA). In a similar way, we 
create dynamic and static relations with users and space elements. 

The system handles user feedback about factors which block his/her 
navigation route using the three following ontology properties: reportsLock, 
reportsMalfunction and reportsObstacle. For example, reportsLock property 
connects the user with the specific door which is reported as locked. 
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3.3.3 Dynamic Re-planning Process 
 

Dynamic re-planning procedure is strongly connected with the Contextual 
Path-Finding component and the incorporated algorithm. The specific algorithm 
takes as arguments path points (e.g. junctions, exits); therefore the most 
important issue that re-plan process handles is the correct calculation of these 
arguments. The arguments refer to the start and destination points of user’s 
route. Of course, the calculation of the destination point is trivial, because it is the 
same destination as before dynamic re-plan triggering. 
However, the specification of the starting point is a little more complicated. The 
general confrontation of the issue is to retract the path element that the user has 
static relation with, before the triggering of dynamic re-planning. For this purpose 
the system takes this information from the hasRelativeLocation property of the 
ontology model. 

There are two different occasions in which the system triggers dynamic re-
plan; the first is user deviation. When system receives coordinates that 
correspond to a path element that does not belong to the proposed path or that 
has already been overlapped by the user, it suggests that user has deviated from 
the proposed path. The second occasion is the user feedback; when user finds 
an obstacle blocking his/her navigation, reports it to the tracking system. The 
obstacle could be a locked door, a malfunctioning motor passage or a blocked 
path element. In both occasions, tracking system proposes a new optimal route. 
 

3.4 Contextual Path-finding Component 
 

3.4.1 Spatial Ontology for Path-finding 
 

The used navigation ontology is largely based on the Indoor Navigation 
Ontology (INO)[10]. INO relies, in a large extent, on the semantic description of 
paths and their structural elements. This description, in conjunction with the 
semantic/ symbolic space description, facilitates the reasoning and the 
enforcement of restrictions during user navigation. Following these guidelines, 
our Spatial Ontology for Path-finding (SOP) supports both the path searching and 
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the presentation tasks of a navigation system. The core taxonomy is depicted on 
Figure 5. 

SOP, is designed with OWL Web Ontology Language. Apart from classes, 
it also contains properties, axioms and restrictions. Table 1 shows the core 
classes, followed by a description and the properties each class has 
(ObjectProperties and DatatypeProperties). Table 2 provides the binary relation 
table of the taxonomy. 
 

Table 1. Space Description Ontology Concept Dictionary 

Classes Datatype 
Property 

ObjectProperty Description 

Path_Element  isObstacleFor 
hasPreferentialBonusFor 
hasPerceptualBonusFor 
hasPreferentialPenaltyFor 
hasPerceptualPenaltyFor 

The main concept of 
a path. Path_Point 
and Passage both 
are of class 
Path_Element 

Passage hasLength hasPoint A path element that 
has a specific width 
and length. Each 
passage has exactly 
two path points 

Horizontal_Passage  inFloor A passage with all 
path points in the 
same floor 

Corridor_Segment   A segment of a 
corridor. Whatever 
part of a corridor 
does not belong to 
any of the classes 
below, is a corridor 
Segment 

Virtual_Corridor_Seg
ment 

  The same as the 
Corridor_Segment, 
with the exception of 
belonging to a 
Virtual_Corridor 

Door   A door  that leads to 
some other Passage 

Corridor_Ramp   A small ramp that 
leads to the same 
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floor 

Corridor_Stairway   A small stairway that 
leads to the same 
floor(e.g. 1-2 steps) 

Vertical_Passage  upperFloor 
lowerFloor 

A passage with path 
points at different 
floors 

Elevator_Segment   A segment of an 
elevator leading from 
a floor to the directly 
upper floor. 

Elevator   The concept of 
elevator 

Escalator   The concept of 
escalator 

Ramp has 
Gradient 

 A ramp that leads to 
another floor 

Stairway   A stairway leading to 
another floor 

Motor_Passage   A passage that 
operates with motor 
power. 

Path_Point  leads_directly 
leads 

A point on a path. 

Exit  belongs A point leading into or 
out of a space 
element 

Navigational_Point   Points that have a 
particular meaning for 
the user navigation 

Junction   A crossway of more 
than two horizontal 
passages 

End_Point   The last point of a 
dead end 

Turn_Point   A turn on a corridor 
or a meeting point of 
exactly two horizontal 
passages 

Entry_Point   A point which is a 
start of a virtual 
corridor, namely a 
point which defines 
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the transition from the 
outer part of a spatial 
concept to its interior. 

Space   General concept of 
indoors space 

Corridor   General concept of a 
physical corridor 

Virtual_Corridor   What differentiates 
this class from a 
physical corridor is 
the fact that this 
corridor does not 
have a physical 
existence. We define 
this concept to 
visualize the 
navigation to the 
interior of a space 
(e.g. Room) ,where 
more elements of 
interest exist 

Floor  directlyHigherFloor 
directlyLowerFloor 

The concept of floor 

Room   The concept of room 

Building   The concept of 
building 

Description   Description of a 
space element 

Audio_Description   A description based 
on audio information 

Textual_Description   A description based 
on textual information 

Image_Description   A description based 
on image information 

Obstacle   An obstacle which is 
either physical or 
logical 

PhysicalObstacle   An obstacle of 
physical existence 
(e.g. a passage 
which is not operable/ 
accesible) 

LogicalObstacle   An obstacle of mental 
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existence (e.g. a user 
specifies that he/she 
does not want to 
pass from a particular 
passage) 

Point_of_Interest   A point of interest 
depending on the 
application(e.g. A 
printer) 

 
Note: Columns ObjectProperty, DatatypeProperty have been filled only for the most general 
classes. Because of the inheritance property, we can easily infer which of these belong to the 
children classes, with the help of Figure 5. 

 

Table 2. Binary Relation Table 

Name Source Concept Cardinality Target Concept Properties 

hasLength Passage =1 xsd:float - 

Has 
Observation 
Time 

Path_Element =1 xsd:float  

hasPoint Passage or Space =2( Passage), 
>=0 (Space) 

Path_Point - 

belongs Path_Point >=1 Passage - 

isOfInterest Path_Element >=0 upo:Interest  

leads Path_Point >=1 Path_Point symmetric, 
transitive 

leads_directly Path_Point >=1  symmetric 

upperFloor Vertical_Passage =1 Floor - 

lowerFloor Vertical_Passage =1 Floor - 

inFloor Horizontal_Passage =1 Floor - 

hasBonusFor Path_Element >=0 upo:User - 

hasBonusFor Path_Element >=0 upo:User - 
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Figure 5. The Spatial Ontology for Path-finding 
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Below some of the main properties of the SOP ontology are analyzed: 

• hasPoint. As already mentioned when referring to an instance of Passage, 
this can only have exactly two instances of Path_Point at its edges. But 
when we refer to an instance of Space, this can have more than one point. 
For example a Bulding can have even more than two exits. 

• belongs. This is the inverse property of hasPoint. We use it to locate to 
which Passages, or Spaces, a Path_Point belongs to. 

• hasBonusFor. This property defines that a Path_Element is appropriate for 
a particular user. These relationships are used by rules, for the generation 
of the most appropriate path. 

• hasPenaltyFor. These properties have the exact opposite meaning of 
hasBonusFor. 

• lowerFloor/upperFloor. These properties are defined for Vertical Passages 
to denote which is the exact upper, and exact lower floor (if exists), they 
lead to. 

• leads_directly. It shows the exact neighbor Path_Points of a Path_Point. 
• leads. The property above is a sub-property of this one. The fact that this 
is a transitive property, allows us to decide if there is a path that connects 
any two given Path_Points. 

• inFloor. This property connects a Horizontal_Passage or a Path_Point 
with a Floor. 

• hasObservationTime. This property is used for the generation of tour 
paths. For example for a poster we may define, that an interested user 
should dedicate 5 minutes, to examine it. 

• isOfInterest. We use this property to connect particular fields of interests 
with Path_Elements. 

3.4.2 SVG map files generation and SOP population 

 
A fundamental element in every LBS framework is the spatial map. The 

map should provide the user with a picture of the spatial elements around him, 
and allow him to dynamically interact with them. There are many different ways 
for generating maps as pictures on a computer. The most straightforward way is 
to read the geographic data from a file or a database and use a special purpose 
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algorithm that transforms the data into some bitmap graphics format. These 
algorithms are complicated and not easy to change and extend. Only experts 
who are familiar with the details of the algorithms can do this. The algorithms 
depend very much on the particular data format of the geographic data, and they 
usually yield static pictures. 
A second method is to generate instead of bitmap graphics, code in a 

graphics description language. An example for such a language is SVG 
(Scalable Vector Graphics). SVG is an XML-based language for describing 
geometric objects. Compared to bitmap graphics, SVG has a number of 
advantages: 

• since we talk about vector graphics, it is zoomable without losing resolution 
on the screen. 

• it has language constructs for describing dynamic changes of the graphics. 
• since SVG objects have a Document Object Model (DOM) representation  in 
the browser, script languages like JavaScript can interact with it. SVG 
documents can therefore serve as GUIs to interact with the user. 

• SVG renderers can adapt the generated picture to the output device. 
Therefore the SVG generator need not worry about the device characteristics. 

• SVG documents are XML documents which can be read by humans. This is 
very useful during the development and test phase of SVG generators. 

Such an approach has been followed by Hans Jurgen Ohlbach & Bernhard 
Lorenz. In their work [26] they demonstrate a particular use of ontologies for 
visualizing maps in a browser window. They use data from Geographic 
Informational Systems (GIS) as a source and then transform the spatial 
representation to OWL ontologies that correspond to the ontology of 
transportation networks (OTN). These data are then transformed into SVG. Here 
we are going to follow an inverse approach. Since we want to avoid the use of 
GIS and spatial database systems, we are going to create the SVG map and 
then use it as a source to populate the SOP ontology. Figure 6 shows the 
temporal order of the steps needed to complete the procedure. 
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Figure 6. From SVG map to SOP instances 

The first step is the use of an SVG editor for the annotation procedure. Of 
course, we should first digitalize the blueprints of the building in order to have a 
reference for the annotation of spatial elements. The SVG thematic layers and 
the attributes of each geospatial entity in each layer are indicated by INO 
schema. After that we use an XML parser to parse the SVG files and through 
some algorithms that will be described in detail in a later section, we populate 
SOP. 

3.4.2.1 Annotation Procedure 

 
We are going to need an SVG editor. Our choice was Inkscape Vector 

Graphics Illustrator[27], which is an open source tool. Apart from the graphics 
editor part, it also provides a very good XML editor, which is a very much 
appreciated feature in our work. We will use a different SVG file for each floor of 
the building. In our example we have 2 data layers(ground floor and first floor, 
where the blueprint for the first floor is actually the same as the one for the 
basement.) Next, we should decide which SOP concepts will be used for the 
annotation procedure. It is an important decision because for every concept or 
group of similar concepts we will define a specific layer in each SVG file. Mainly, 
we use important concepts that are significant for the selection of path. Some 
concepts used in our system are: 

• Corridors 
• Junctions/End Points/ Turn Points 
• Entry Points 
• Points of Interest 
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• Exits 
• Elevators 
• Stairways 
• Escalators 
• Rooms 
 

It is obvious that the number and the type of concepts used in SVG files for 
the annotation procedure depends on the spatial elements in the environment 
that we want to mark (and that are defined in SOP). For example, if we add more 
point classes to SOP, this will imply changes to the number and/or data model of 
(some of) the SVG layers. 
For each one of the aforementioned concepts a different layer is defined in 

the SVG file. We can use an SVG template that contains the required layers. 
After the definition of the layers, the annotation procedure follows. As seen in 
Figure 7 the layers are actually named after the names of the classes of SOP. 
The only layer that may seem kind of strange is the NorthLayer. This layer 
contains a line that depicts the time of the line connecting North and South. It will 
be used during the second step, to define the orientation of each corridor. The 
annotation procedure involves the design of corridors and the markup of spatial 
elements in the map of each floor. The detailed annotation method is described 
in the following section. 
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Figure 7. SVG layers 

Using the SVG editor we are able to define in the map of the building, the 
location of the path elements. As we explained above, at each layer, different 
kinds of points are defined. At the bottom layer, there is the blueprint of the 
building floor which serves as a reference for the following layers. The next layer 
provides us with an image of the rooms, which reside on the floor. The rooms 
can either be drawn as SVG rectangle or polygon elements. Figure 8 and Figure 
9 show the original blueprint of a floor and the corresponding room plan. 
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Figure 8. Original Floor Map 

 

 

Figure 9. Floor rooms plan 
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The next step is to draw the corridor passages in the map. Corridors are 
defined as lines in the building and form a layer where only SVG line elements 
reside. Hence, for each potential corridor we design a line as Figure 10 shows. 
Designing corridors gives us the opportunity to use them as guidelines to define 
the rest of the points. An important factor here is the SVG style attribute stroke-
width for the horizontal passage layers. We will place all the points on the 
corridors and for our algorithm to understand which point is placed on which 
corridor, we will take this attribute under consideration.  We must point out that 
the editor must be quite cautious so that corridors that are on the same beeline 
do not overlap each other on their ends. This could be a problem in case a point 
existed on the end of a corridor. In this case we could not be sure if the point also 
was a part of a line whose end overlapped the end of the current line by mistake. 

 

 

Figure 10. Horizontal Passages Creation 

 
After corridors’ creation, we may construct one layer for every point 

concept or group of similar point concepts (e.g. points of interest). These layers 



 

form a set of point layers where only SVG 
and using corridor lines as guidelines, we mark the points of path elements. 
Points are projections of actual SOP path points on a corridor. 
the final map of the basement floor.

Figure 

 
Some important notes concerning SVG annotation are:

• Points must be placed exactly on the lines (or having a small divergence from 
lines’ geometry). It is actually quite difficult for the creator of the SVG files, to 
place each point in such a way that its center is exactly on the line. So, as a 
convenience measure we allow the editor, to give each corridor line a value 
that depicts the thickness of the line. This can be achieved through the 
stroke-width attribute mentioned above. This way he can make sure each 
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form a set of point layers where only SVG circle elements reside. In these layers, 
and using corridor lines as guidelines, we mark the points of path elements. 
Points are projections of actual SOP path points on a corridor. 
the final map of the basement floor. 

Figure 11. Final SVG map of basement 

Some important notes concerning SVG annotation are: 

oints must be placed exactly on the lines (or having a small divergence from 
lines’ geometry). It is actually quite difficult for the creator of the SVG files, to 
place each point in such a way that its center is exactly on the line. So, as a 

easure we allow the editor, to give each corridor line a value 
that depicts the thickness of the line. This can be achieved through the 

attribute mentioned above. This way he can make sure each 

elements reside. In these layers, 
and using corridor lines as guidelines, we mark the points of path elements. 
Points are projections of actual SOP path points on a corridor. Figure 11 shows 

 

oints must be placed exactly on the lines (or having a small divergence from 
lines’ geometry). It is actually quite difficult for the creator of the SVG files, to 
place each point in such a way that its center is exactly on the line. So, as a 

easure we allow the editor, to give each corridor line a value 
that depicts the thickness of the line. This can be achieved through the 

attribute mentioned above. This way he can make sure each 
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point is on the line he wants, as long as the center of the point is not out of 
the thick line he has defined. 

• Every time that we want to place points in the map, we refer to a specific 
layer. 

For each layer, we define the data fields that are used to store information about 
every corridor and point. Such information will be used in the next step (ontology 
population). For example, in our approach for every point we use the following 
fields: 

• id 
• label 

The first one is mandatory, while the second one is optional. Since SVG is 
actually an XML format, the ID of each XML node and therefore of each SOP 
path element must be unique. We have also made some other conventions, so 
that the ontology population is facilitated. These are the following: 

• We mentioned that the id must be unique in the domain of an XML file. But 
we have to extend this requirement to every other SVG file that depicts 
another floor of the same building. This is required because when we finally 
populate the spatial ontology, we will include spatial elements from every 
floor, and the ids must be unique on the whole. This problem can be easily 
surpassed by prefixing each id with the name of the floor the spatial element 
resides on. So all elements under the layer that depicts the floor with id ‘0’, 
will be prefixed with ‘0_’, etc. We must know which room, each exit belongs 
to. We can accomplish this, by giving each exit an id that references the 
room. So if the exit belongs to room with id ‘0_R9’, it can have the same id 
sufficed with ‘E’. So the id of the exit will be “0_R9E”. If the room has more 
than one exits, then we suffice it also with a number.  For example if room 
‘0_R1’ has two exits, they will be named ‘0_R1E1’ and ‘0_R1E2’. 

• We follow a similar approach for entry points. Entry points are actually 
connected through doors with exits. So for exits ‘0_R1E1’ and ‘0_R1E2’ there 
will be entry points named ‘0_R1E1P’ and ‘0_R1E2P’ accordingly. 

Points of interest are quite dynamic and depend on the application. To avoid 
defining a new layer for each new class of Point of Interest, we have defined an 
extra attribute for points of interests named “type”. This attribute must contain a 



48 
 

value that depicts the exact name of the class of the imported ontology. So if we 
have imported an ontology that defines a class named Printer, and we want to 
create an instance of that class, the type of this point will be ‘Printer’. 
Special attention must be paid to vertical passages. When we look at SOP 
definition, these are actually defined as passages, but during the SVG annotation 
we create point layers for these concepts. In the SVG creation step we actually 
define only the exits of these spatial concepts. On the other hand we must also 
be aware which stairway or elevator they belong to. So in case we want to create 
an elevator named ‘ELV1’, which has an exit on this floor we will just place a 
point on the elevator layer and we will name it “0_ELV1_E1”. This id means that 
this is the first exit of the elevator named “ELV1” and it resides on the floor with id 
‘0’. Moreover we must also know to which point this exit connects on the next 
floor. For each point placed on a layer that refers to some kind of vertical 
passage we add an extra attribute named ‘to’. This attribute contains the id of the 
exit of the vertical passage on the exact upper floor. So in this case, if inside the 
SVG file that refers to the first floor, we have given the id ‘1_ELV1_E1’ to the exit 
of the elevator ‘ELV1’ on this floor, this is the value that we will place in the ‘to’ 
attribute of the point with id ‘0_ELV1_E1’. As already mentioned, we fill in with 
the value of the exact upper floor. This means that if there is no exit in the 
second floor, the ‘to’ attribute for ‘1_ELV1_E1’ will have no value. 

3.4.2.2 Ontology Population 

 

Once we have created the SVG maps for each floor, we can proceed with 
ontology population. We have seen that each layer in the SVG files corresponds 
to a spatial element concept (or a set of similar concepts). First of all, we must 
know the scale of the blueprint we have used as a base for the creation of the 
SVG maps. This will help us calculate the actual distances between spatial 
elements.  The process described below is followed for every floor file. 

The first step we follow is to parse the SVG file and extract a list for all the 
elements (SVG circle elements), that reside in any layer that refers to a SOP 
path point. Moreover, as mentioned before, we also add the elements of the 
layers that refer to vertical passages. We also create a list of all the elements 
(SVG lines) that refer to corridors, a list of all the rooms and finally we also save 
the line that represents the direction of South to North (we will refer to it as 
Northline ). 
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Figure 12. Algorithm for instances creation 

 

Begin 

 Create Floor instance. 

 Create a list of all points (Path_Points, Vertical_Passages), a list of all rooms, 

a list of all lines (Horizontal_Passages) and a Northline for the line in 

NorthLayer. 

Foreach line  

Discover the points that are on the line according to their 

coordinates and sort them 

Endfor 

Foreach line 

 Foreach point in line 

  If point instance has not already been created 

   Create point instance according to its type 

  EndIf 

  Create horizontal passage instance according to its type. 

  This instance connects this point to the previous one. 

 EndFor  

 If line instanceOf Corridor 

  Create corridor instance based on the orientation, when  

  compared to Northline 

 Endif 

EndFor  

Foreach room 

 Create a room instance and connect it with its exits 

Endfor 

End 
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Figure 13. Algorithm for checking if point is on line 

After the generation of the lists, we should associate each point to one or 
more corridors. In order to achieve this we use the geometry of lines and points, 
along with the added attribute that the line has actually a certain level of stroke-
width. We should also note that in any SVG file x axis increases from left to right, 
while y axis increases from top to bottom. So, for each line L we have the 
coordinates (x1, y1), (x2, y2) of its edges and line_width. We suppose that 
(x1,y1) is smaller than (x2,y2), and by that we mean that the first piece of 
coordinates is closer to the axis’ start. The algorithm for checking if point (x,y) is 
on line L  is shown in Figure 13. After finishing off with this procedure, we sort the 
list of points that belong to each line, so that closer to the start of axis, means 
closer to the start of the sorted list of points. 
 

Table 3. Mappings between angles in degrees and orientations 

Input:  Line L{(x1,y1),(x2,y2)}  

Width: line_width 

Point p(x,y) 

Output: True if p is on L, False otherwise 

 

If  (x,y) inside the limits defined by (x1,y1),(x2,y2) extended by line_width  

If L is not vertical 

lamda := (y2 - y1) / (x2 - x1) 

                 If ( ABS (y - (y1 + lamda * (x - x1))) <= line_width 

                      RETURN TRUE 

   Endif             

Else  

               If  ABS (x - x1) < line_width 

                      RETURN TRUE 

  Endif 

              Endif 

Endif 

RETURN FALSE 
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Angle in degrees Orientation 
(CompassDirection) 

Angle in degrees 

337.5 ≤ North < 360 
0   ≤ North < 22.5 
22.5 ≤ North-West < 67.5 
67.5 ≤ West < 112.5 
112.5 ≤ South-West < 157.5 
157.5 ≤ South < 202.5 
202.5 ≤ South-East < 247.5 
247.5 ≤ East < 292.5 
292.5 ≤ North-East < 337.5 
 

The first list we traverse is that of the corridors, which now also has all the 
points associated.  Apart from the points, we also must define the orientation of 
each corridor (or corridor segment). This is done as mentioned before, based on 
the coordinate of Northline, let them be (x1,y1), (x2,y2). Let the line, whose 
orientation we want to compute, have coordinates (x3,y3), (x4,y4). Using the 
transformed type of the inner product shown below: 

 
the angle between the two lines is computed and the declination of the corridor’s 
orientation from the north is also calculated. Finally, to assign orientation to the 
corridors, a mapping between angles and compass directions is made, as shown 
in Table 3. 
For each corridor we traverse the sorted list of points. For each point we also 

create an instance based on its type, after checking that we have not already 
created the same instance. This is important, since a point may belong to more 
than one corridor, and we may have already created it in a previous step. 
Regardless of the type of the point we set the following SOP properties: 

• hasCoordinateX . 
• hasCoordinateY. This and the above property are set by the coordinates 
we have acquired by the SVG coordinate system. 

• inSpace. We provide as a value the id of the floor. 

2 1 4 3 2 1 4 3

2 2 2 2

2 1 2 1 4 3 4 3

( ) ( ) ( ) ( )
arccos

( ) ( ) ( ) ( )
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If a point has a type of Exit then we also set the properties below: 

• hasDoor. We create also an instance of Door. We make the convention 
that the door has the same id as the exit, sufficed with the letter ‘D’. So if 
the exit has id ‘0_R1E1’ then the door will have the id ‘0_R1E1D’. 

• hasPoint. We also follow the inverse procedure to connect the door with 
the exit, through the property hasPoint. 

We also want to create instances for Corridor_Segments/Virtual 
Corridor_Segments. As presented, each Passage has exactly two points at its 
edges. So we can create instance of these classes, by using these points’ ids. So 
if a horizontal passage has points ‘0_R1E1’ and ‘0_R1E2’ we create an instance 
of Corridor_Segment for example named  CS-_0_R1E1-0_R1E2. The order of 
the points here has a special meaning because it will help us decide the 
movement orientation of the user, when he follows a proposed path. To make 
this clearer let us pose an example. If a user is inside the above corridor segment 
which has north orientation, and he moves from 0_R1E2 to 0_R1E1, then his 
movement orientation is inverse, namely he has a south movement orientation. If 
he moved from 0_R1E1  to 0_R1E2 then he would have the same orientation as 
the segment. So for each point we create a virtual line with ending coordinates 
the coordinates of the point, and starting coordinates, those of the previous point 
in the sorted list. In general, apart from the id, for each segment we set the 
following properties. 

• hasPoint. We use the two points, being at the two edges of the segment. 

• hasLength. We calculate the euclidean distance between the two point. 
We take under consideration the scaling factor of the SVG map, to 
calculate the real distance. 

• hasOrientation. We compute the orientation of the segment the same way, 
we did before for the corridors. 

• isPartOfCorridor. We already know the id of the corridor, these segments 
belong to. 

We also have to deal with the special cases of vertical passages. In this case 
we also check for the value of the ‘to’ XML attribute and we have to create an 
instance of the particular type of vertical passage. The procedure we follow is 
similar to the one we followed for corridor segments. The first part of the id, has 
to be the id of the point in question, and the second the one in the ‘to’ field. This 
way, we know that the direction of each vertical passage is always upwards. So 
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suppose that we have a that point belongs to the Elevator layer, has id 
‘0_ELV1_E1’ and ‘1_ELV1_E1’ as a value in the ‘to’ property. Apart from creating 
an instance of Exit for ‘0_ELV1_E1’, we also create an instance of Exit for 
1_ELV1_E1. We also have to create an instance for Elevator named ‘ELV1’. We 
create the Elevator_Segment  named ES-0_ELV1_E1-1_ELV1_E1 and set the 
properties that show the floors this passage connects, and the property that 
depicts which points are on its edges. So to sum up we set the following 
properties: 

• lowerFloor 
• upperFloor 
• hasPoint 
• isPartOfElevator. This property is filled only if we refer to Elevator. 

As a final step we generate the instances of the Room class. The only 
important factor to mention here is the convention we have previously made. We 
search through all the created instances of the Exit class, to find any exits that 
are prefixed with the id of the room, and connect the room with all these exits 
through the hasPoint property. 

3.4.3 Graph Generation 

 

All routing algorithms mentioned in the section above are executed on 
graphs. However, we make use of a spatial navigation model. So a basic 
prerequisite, in order to implement these algorithms, is to have a graph 
representation of the spatial area. SOP is designed to facilitate such a 
conversion and the basic steps of the procedure are presented below. 

• For every instance of Path_Point we create a graph node1. 
• For every instance of Passage we create a graph edge. 

We have to note here that when a user asks for a path, this may be based on two 
different criteria, which are accordingly translated to different edge weights. 

                                            

1
 Because of the fact that the kSP algorithm, presented in the following section, is applied on 
directed graphs, we actually create two edges with opposite directions for each Passage. 
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These criteria are the path length and the time needed to traverse the path. This 
feature is supported by using labeled edges. One label stands for the length of 
the according Passage and the other for the time needed to traverse this length 

when moving in average speed (we consider this speed to be 5 km/h ≅ 1.39 
m/s). 

 

Figure 14. Conversion algorithm for creating graph from SOP instance 

Input: SOP ontology, user u 

Output: Graph(N,A) 

P← The set of Passages 

C← ∅ //Table used to show for which Path_Points  

          //we have already created a node 

Foreach p ∈ P 

o ← false 

 If isObstacleFor(p,u) 

  continue; 

  o ← true; 

 Endif 

 Foreach pp ∈ hasPoint(p,pp) 

  If  isObstacleFor(pp,u) 

   continue; 

  Endif 

  If o==true 

   break; 

Endif 

If C[v]==false 

   Create node v for pp; 

   C[v]=true; 

   N←N ∪ {v}; 

  Endif 

 Endforeach 

 Create edge e between the two nodes generated above; 

 Set labeled weights for time and length; 

 A←A ∪ {e}; 

Endforeach 
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Moreover we have to make a distinction between the weights of Motor_Passages 
and the rest kinds of Passages. The user makes no physical effort when 
traversing such a Passage, so the weight of the according edge must depict this 
fact. A possible solution could be a metric that takes under consideration the 
speed with which they transfer the user or maybe a more advanced metric such 
as in the case of an elevator: 

 
Elevator_intermediate_weight = Τ1 + p T2 

 
T1 is the time needed for the elevator to go from one floor to the next (or 
previous), p is the possibility to stop in another intermediate floor (which may 
depend on the time of day), and T2 the average time spent on a floor, if the 
elevator stop there. So, the total weight may be 
 

Elevator_total_weight= Σ Elevator_intermediate_weight + T3 
 

T3 is the time needed to wait for the elevator to come, when the user calls it (this 
also may depend on the time of day). 
 

3.4.4 Path-finding algorithms 

 

In our implementation the user has several methods of routing, at his 
convenience. In general he/she has access to path generation: 

• where the destination is known. The user chooses a destination from the 
interaction map, and the system generates a path to it. 

• where the only input provided is the available time. In this case, special 
emphasis is put on spatial elements that may be of interest to the 
particular user. Apart from this, the time needed to traverse the generated 
path must be less than or equal to the time provided as input. 

In general there are two basic approaches to the design of an algorithmic 
selection process: either through integration of the process in the application 
logic or through a more “loose” association that enables external customization. 
The two approaches are presented in Figure 17, where we have an example of a 



56 
 

program, which after removing some nodes from a topological graph, then 
performs a final path finding algorithm in the remaining graph. Figure 17a. 
depicts a program that has the removing conditions embedded in the selection 
code. Figure 17b, on the other hand, depicts a program that has a general 
condition checking routine, fed by external conditions (for example derived from a 
file). 
The first approach is suggested by most algorithms presented in the 

bibliography. However the second approach is far more extendable, as we can 
describe new selection conditions without the need to change the system core, 
which contains the primary selection algorithms. We should note here that by 
primary selection algorithms, we refer to the algorithms that generate paths 
based on criteria, same for all the users. Provided that CNGINE must support the 
implementation of a varied range of arbitrary algorithms, the benefits of following 
the first approach are obvious. This particular method of separation between the 
user-based selection conditions and the primary selection algorithm is 
implemented in this work, through rule technologies developed specifically for the 
Semantic Web. In this work we use Semantic Web Rule Language (SWRL) to 
define the production rules, and Semantic Query-Enhanced Web Rule Language  
(SQWRL)  to define queries on our knowledge base.  
Below we present the primary algorithms for the cases presented at the top of 

this section. 

3.4.4.1 Primary algorithm for generating paths with predefined 

destination 

In the presented work, we deal with semantic-driven navigation, so 
obviously an algorithm that provides the shortest available path, would not be 
sufficient, since the returned path does not take into any account, the user’s 
profile. An obvious solution could be the application of profile rules on all the 
available paths leading to the desired destination. A ranking algorithm based on 
predefined criteria, could then provide us with the path, which contains the most 
befitting elements.  The first step could be accomplished by applying a graph 
traversal algorithm such as an exhaustive depth-first search algorithm[28]. This is 
a recursive algorithm, which is based on backtracking and located all possible 
paths between a start and a destination node. However, this is a quite greedy 
algorithm, and certainly would not be applicable for any scenario where user 
deviation and consecutively the need for new path proposal is often. 
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As regards the selection criteria a possible approach could be to import 
the selection criteria into the routing algorithm, and thus have a shortest path 
problem with multiple objects (multi-objective shortest path problem - MSPP) 
[29]. This approach was rejected on the grounds of scalability and flexibility. 
Moreover, the MSPP problem belongs to the wider category of combinatorial 
optimization with multiple objects (multi-objective combinatorial optimization - 
MOCO) which is NP-hard [30]. 

Another solution, which is the one we followed, is using a K-shortest 
paths(KSP) algorithm. The idea of the KSP algorithm is to compute a reasonable 
number of ranked shortest paths with the ultimate ‘most optimal’ path being 
selected by consideration of extra preferences. More accurately the K Shortest 

Path Problem consists on the determination of a set ���, … , �!" of paths between 
a given pair of nodes when the objective function of the shortest path problem is 
considered and in such a way that: 

 

�#�!$ % �#�$, & � '� ( ) (#� ) 1$", 
��
�
 (#�$ � ���, … , �!" ��+ (#0$ �� ��
 
-��. �
� 

 
That is, not only the shortest path is to be determined, but also the second 

shortest, the third shortest, and so up to the K-th shortest path.There are several 
different “flavours” of this problem with some additional restrictions, for example 
the demand that the paths are nodes-disjoint or edges-disjoint. 

The problem of determining the k shortest simple (loop free) paths has 
proved to be more challenging. The problem was originally examined by Hoffman 
and Pavley [31], but nearly all early attempts to solve it led to exponential time 
algorithms [32]. The best result known to date is an algorithm by Yen [33] 
[34],(generalized by Lawler [35], which using modern data structures can be 

implemented in /0�� #- 1 � ����$2 worst-case time. This algorithm essentially 
performs O(n)  single-source shortest path computations for each output path. In 
the case of undirected graphs, Katoh, Ibaraki, and Mine [36] improve Yen’s 

algorithm to /0�#- 1 � ����$2  time. While Yen’s asymptotic worst-case bound 
for enumerating k simple shortest paths in a directed graph remains unbeaten, 
several heuristic improvements to his algorithm have been proposed and 
implemented, as have other algorithms with the same worst-case bound 
[37],[38], [39], [40]. 



58 
 

The algorithm that we chose to base our implementation on is the algorithm 
proposed by Yen .The code used is  part of the Mascotte Optimization (Mascopt) 
[41]. Mascopt has developed an open source library, written in JAVA, for network 
optimization problems. 

 
Yen’s kSP  algorithm 

 
Definition 
Given a directed graph G(N,A) and nodes s, t , a path between them is defined 
as : 

<s=u1,a1,u2,…,ar-1,ur=t>, 

where am∈A, un∈N, m∈{1,…,r-1}, n∈{1,…r}, 
A is the set of directed edges and N the set of nodes 

 
If cij the cost of edge (i,j)∈A, then c(p) is the sum of all costs for the path p: 

∑ ij

p

c(p)= c .The problem of calculating k shortest paths between the node s and  

node t, resides in finding a set Pk = (p1,…, pk) of paths such that: 

c(pi)≤c(pi+1) & i ∈ {1,…, k-1} 
c(pi)≤c(p) & p ∈ P\Pk, where P is the set of all paths from s to t 
pi path has been computed exactly before pi+1 & i ∈ {1,…, k-1} 

 

k shortest paths tree 

To implement the algorithm of Yen a structure where data maintain 
adequate information about the k- shortest paths in the graph G (N, A), should be 
designed. The structure is determined by the construction of a tree (in fact a 
pseudo-tree as a node can also occur as a child and father) as described by the 
following algorithm. 
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Generalized algorithm  for finding k-shortest paths (Figure 15) 
 

A key point in finding the k-shortest paths is the calculation of the shortest 
paths from each node of paragraph G to the node t forming a reverse tree T*t (a 
common structure in such algorithms). The tree can be calculated by using 
labeling algorithms.  The algorithm goes back to the typical problem of finding the 
shortest path, after reversing the direction of each edge and considering t as the 
start node. 
 
& i ∈ {1,…, k} 

node ui  which is considered a node of pseudo tree Ti , is called deviation 
node of  path pi 
the edge of pi whose starting point is the node ui is called deviation edge 
puit is the sub-path of pi from ui to t and is called deviation path of pi 

The algorithm is concerned with finding k-shortest paths when there are 
no other restrictions besides the cost c() and when digraph G  does not contain 
edges with negative cost. 

Suppose that Ti is the pseudo- tree that contains the i shortest paths. We 
define A(u) as the set of all edges ,which have u as the start node. Suppose 
ATi(u) is the set of Ti edges, which have u as the start node and each node from 
the path piuit deviation node of pi. In the following algorithm variable X defines the 
set of all the  candidate shortest paths. 

In the ith step of the algorithm the i-shortest path is subtracted from X and 

i+1 new candidate paths are produces. Since pi is indistinguishable from pl, 1 % l 
<i, from the original start node s to the deviation node ui  of pi path, all nodes to ui  
are considered candidates for the production of the new candidate nodes of i+1 
path. So, starting from any node that belongs to piuit , we calculate the shortest 
path p*uit from u to t whose first edge is not an edge of ATi(u). Then p

i
su◊p*ut is the 

new candidate path pi+1 (◊ symbolizes the concatenation of paths). The 

calculation of p*ut can easily be done by using T*t. For this reason edge (u,x) ∈ 
A(u)\ ATi(u) is considered as a candidate since it presents the minimum sum in 
metric c((u, x)) + C(p*xt), where p* xt is the shortest path from node x to  t. It is 
worth noting that the deviation node  of a path pi may be the original start node  
of the path, which means that all nodes in the path are considered candidates for 
the calculation of path pi +1. 
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Input: Digraph G(N,A), start node s, destination node t, k shortest paths   

Output: X Set of candidate shortest paths  

Calculation of T*t 

p1← the shortest path from s to t 

i ←1 

X ←{ pi} 

Τi ←{ pi} 

While i<k και X≠0 

Χ ←Χ\{pi} 

ui ←deviation node of pi 

Foreach node u ∈ p
i
uit 

If A(u)\ATi(u) ≠ ∅  

Calculation of edge (u,x): 

c((u,x)) + c(p*xt) has the lowest value in the set A(u)\ATi(u) 

// p*xt is the path in pseudo-tree Τ*t 

q← p
i
su◊<u,(u,x),x>◊p*xt 

X←X∪{q} 

qut← <u,(u,x),x>◊p*xt 

Τi ← Τi ∪{qut} 

//path p
i
su◊qut is a path in Τi 

  EndIf 

 EndForeach 

i ←i+1 

pi ← shortest path in Χ. 

EndWhile 

 

Figure 15. Yen's KSP algorithm 
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3.4.4.2 Primary algorithm for generating time-constrained tours 

 

In most cases the only constant parameter to be taken under consideration, 
no matter the user profile, is the (Euclidean) distance. However, when a user 
provides the time he/she has available and asks for a tour, we obviously have to 
consider the time and not the distance as the constant parameter. One could say 
that since time and distance are dual concepts, we could still use our k-shortest 
path algorithm for the first step, take the total distance for each path and then 
calculate the total time needed to traverse each path. Below are presented the 
main requirements for the wanted paths and some of the reasons why the 
previous assumption cannot be applied: 

• We do not know the exact destination. The destination can either be a 
path point which is of interest to the user or the point where he started 
from. A naive approach could be to find the k-shortest paths to each point 
of interest of the user, exclude those above the time limit, and then apply 
the second step. However we want to create a path that includes as many 
points of interest as possible, and the approach of selecting a shortest 
path to just one, excludes this possibility. 

• It is possible for the suggested path to contain cycles, which excludes the 
possibility of using the k-shortest path algorithm, as it is. The suggested 
path may share the same origin and destination. Moreover, the objective 
here is to retrieve paths that do not pass through the same passage 
again, but it is possible to pass through the same path point. 

• Apart from the passages that are accompanied by weights that represent 
the time needed to traverse them, in this case additional weights are also 
defined that represent the time needed to observe path points or special 
points of interest. This actually means that the actual path traversing 
algorithm should be altered so that the total time, apart from the weights 
on graph edges, is also affected by the weights on graph nodes. 

• Let us assume that tmax, is the maximum accepted traversal time and tpath 
is the total time for a path. We should note that tpath apart from the time 
needed to traverse the path, also includes the time needed to 
observe/study any contained points of interest. Of course if a path goes 
through a specific point of interest more than once, we do not add the 
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observation time to the total path time again. The generated paths  should 
include only paths which have one of the following properties: 

o The path returns to its source point and tpath ≤ tmax. This is the 
obvious case where the path returns where it started from. 

o The path does not return to its source point and tpath ≤ tmax /2. This 
is the case where we consider that a user follows the path up to its 
end, and then returns back to where he/she started, by following 
the same way in reverse direction. 

In this case if we try to apply our two-step strategy, we’ll find out that during 
the first step we must have access to all the points that may be of interest to the 
user. Unless we do so, we cannot accurately calculate the tpath. The algorithm is 
presented in Figure 16, where we perform a sort of Breadth-First Search (BFS) 
traversal of the graph. We should note that we consider a path to have crossed a 
passage, even if it has passed through it in inverse direction. This means that A-
>B and B->A are equal as edges. 

After generating all the available paths, based on the above conditions, we 
return the k paths with the highest total rank. Then we apply the secondary 
algorithm presented in the following section. 
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Input Graph G, List points_of_interests,Vertex src, double max_weight 

Output paths 

Start 

  paths = ∅; 
 Q = ∅; 
 null_path.setNode#src$; 
 null_path.setWeight#src.observationTime$ 
 Q.enqueue#null_path$; 
 While !Q.isEmpty  

  path=Q.dequeue(); 

  node=path.getTail(); 

  Foreach e in node.getOutgoingEdges() 

   connected=e.getHead(); 

   new_weight=path.weight + e.weight; 

   If !connected.isInPath(path) && 

   connected.isInPointsOfInterests 

    new_weight += connected.weight 

    path.totalObservationTime+= connected.weight 

   Endif 

   If !e.toUndirectedEdge.isInPath(path)  && 

   new_weight % max_weight 

    path_clone=path; 

    path_clone.addEdge(e); 

    path_clone.setTraversalTime(new_weight); 

    Q.enqueue(path_clone); 

    If connected.equals(src ) || 

(connected.isInPointsOfInterests && 

    new_weight  %  max_weight/2$ 
 IfIfIfIf    connected.isInPointsOfInterests && 

     new_weight  %  max_weight/2 
      path_clone. setTraversalTime( 

path_clone.getTraversalTime*2-

path_clone. totalObservationTime); 

                    EndifEndifEndifEndif    
     paths.add#path_clone$;  

    Endif 

   Endif 

  Endforeach 

Endwhile 

End 
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Figure 16. Primary Algorithm for generating tours 
 

3.4.4.3  Secondary algorithm (rewarding/penalizing elements) 

 

To support the desired functionality we define two different categories of 
rules: 

• Excluding rules: These rules are actually applied before the execution of 
the primary path-selection algorithm, and result in a reduced search 
space.  This category of rules defines which path elements are not 
accessible from users, and is mainly connected to any form of physical 
disability they may have. Our system applies these rules, based on the 
user’s profile and excludes any paths that prevent the particular user from 
traversing them. We should remind that a path is accessible by a 
particular user, if it includes only passages that are accessible by him/her 
and does not contain any kind of obstacle.  

• Rewarding/penalizing rules: This category of rules is applied on the 
returned paths after executing the primary path-selection algorithm. The 
main concept behind these rules is that we do not exclude any paths. 
Rather we give a bonus or penalty to each path, so that each one 
generated from the previous step, finally gets a total score, which 
represents the level of eligibility. An example of rules that are applicable in 
this category is those connected to particular user preferences.  A user 
e.g. may prefer paths that include elevators rather than stairways, or paths 
that are followed by auditory guidelines.  Rules that are connected to the 
perceptual capabilities2 of the individual user are another example of rules 
of this category.  These rules are responsible for selecting which path 
elements include guidelines that are appropriate for the perceptual and 
intellectual level of the user. These perceptual capabilities may include 
those that are connected to the user’s age, his/her educational attainment, 
the used language or may even be associated to the sense organs 
involved in the process of understanding the path navigational instructions 

                                            

2
 By using the term perceptual capability, we refer to the capability of the user to understand 
navigational guidelines. 
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(e.g. hearing, eyesight). An important exception here: the rules regarding  
the user’s fields of interest are actually connected to the primary algorithm 
in case of time-constrained tours.  

Examples of rules of each category are presented in section 4.1. 

 

 

(a)                 (b) 

Figure 17. Two different approaches in multiple criteria selection algorithms 

 

Conflict resolution between rules 

Nearly every rule-based system is faced with the following problem: what 
happens when different rules are applicable simultaneously, especially when 
they lead to conflicting results. This problem, also known as conflict resolution, is 
subject to a large extent to the level of overlapping of the rules’ semantics. In our 

Process A 

Start 

G = createGraph(); 

U =specificUserProfile(); 

N = nodes(G); 

Foreach n in N 

If(n !appealsTo U) 

G.penalize(n); 

  Elseif 

   G.reward(); 

  Endif 

SP = G.getPath(s,d); 

 Endforeach 

End 

Process B(Graph G,Profile U) 

Start 

S=external_source; 

R = getRules(S,U); 

Foreach r in R  

G.apply(r); 

End 

 

Process A  

Start 

G = createGraph(); 

U =specificUserProfile(); 

ProcessB(G,U); 

SP = G.getPath(s,d); 

End 
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case, the existence of different rule categories somewhat diminishes the 
problem, as this classification partly reflects the difference in the semantics and 
the actual application in different phases of the workflow. Moreover, this problem 
depends on the nature of the rules. For example if all the rules are strictly 
exclusion / choice rules, then we may confront the case where all paths are 
excluded, or more than one are selected. On the other hand if we have 
rewarding/penalizing rules, which simply give a bonus to some path elements, 
then in the end we only have to select the path with the highest overall reward. 
Of course, as we shall see below, the latter type of rules does not eliminate the 
problem but actually transforms it into an optimization problem. 

The only fact that we have in our case, is that exclusion rules are mandatory 
and cannot be overruled by other categories. Moreover, these rules are always 
applied before searching for possible paths, which means that they are applied 
on the whole spatial domain, and not on path elements of particular paths. The 
fact that these rules are mandatory means that they are applied with no 
precedence preference. This does not suggest any problem in our case, even if 
the path elements that are excluded finally result to generation of no paths. If this 
is the case, there is actually no path leading to the desired destination, and this 
would occur due to the individual user’s physical profile, no matter the order the 
exclusion rules where applied.    

So it remains to be considered what happens with conflicts between rules of 
the other category and the sole criterion not described as a rule: the geometric 
distance (or traversal time).  When all the rules applied to each path element are 
based on a reward / punishment logic, then the only problem we face is what 
kind of rewards are of greater importance, since the final path is the one with the 
highest total reward. We could always consider penalized paths to be of lesser 
importance than those with no penalty at all, even if they have a higher total 
score. A more complete approach (and the one followed in this work) is to use a 
weighted sum, such as the following: 

  
Total path score =  a1*total reward/penalty score + a2*common weight score, 

where a1+a2=1 
 
Total reward/penalty score represents the normalized sum of reward/penalty 
scores of all path elements of the path, and the common weight score represents 
either the total length of the path or the total traversal time(actually a weighted 
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sum based on traversal time, and number of fields of interest), based on what 
criterion the primary search is performed on. 

3.4.5 Generation of textual instructions 

 

This section constitutes an actual proof of concept as to the ability of our 
model and system in total, to generate basic written instructions that assist the 
user, in conjunction with the visual highlighting of the proposed path. There have 
been many studies in cognitive psychology [42],[43],[44],[45],[46] that have 
looked into what characteristics good route directions have. The results are 
consistent with expectations: good directions should be presented in the correct 
temporal-spatial order, places where turns are required should be clearly 
identified, and the instructions should include some indication that a person is 
travelling in the right direction.  

However, most of the aforementioned studies took place in outdoor or 
underground environments. Another more relevant research conducted [47], tried 
to understand the vocabulary people use when giving written directions in an 
indoor environment. The authors collected a corpus by asking people at Stata 
Center to provide different sets of directions. The examination of the directions 
revealed a useful list of characteristics and some of them are presented below: 

• Directions do not use metric distances or cardinal directions. The 
lack of mention of specific distances is replaced by descriptions of where 
the next turn should be made, for example “go to the end of the hall” or 
“go to this landmark”. The lack of cardinal directions is understandable 
since it is easier to refer to and orient yourself with respect to places 
within the local environment, rather than the cardinal directions. 

• Directions are more complex than a sequence of “go-to” and “turn” 
directives. “Go-to”-type directions are not always needed. For parts of 
routes in which turns are required in quick succession, it does not make 
sense to insert a “go-to” instruction because a person may walk past the 
place they need to turn. 

• Describe the physical spaces a route passes by, or passes through. 
Most descriptions included some description of a space as a landmark 
(“You are now in a small open area with some large printers on the right”, 
“[go] straight across the common area”). 
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• Describe corridor intersections. The description of at least one hallway 
was included in at least half of the route directions collected. The 
descriptions included phrases such as “head down the narrow hallway” 
and “follow the hallway until it comes to a T.” 

Based on the characteristics mentioned above, the algorithm presented in 
Figure 18 generates some pretty fundamental instructions for navigation. 

 

Input: Path path; 

Output: String instructions; 

Start 

 instructions = ∅; 
 ForeachForeachForeachForeach    e in path.edges#$ 
  start_point� e.getTail#$; 
  end_point�e.getHead#$; 
  passage�e; 
  prev_orientation� ∅; 
        If If If If start_point.isOfType#‘Junction’$ 
   ForeachForeachForeachForeach    p in start_point.getPropertyValues#‘belongs’$ &&&&&&&&    
            p.isOfType#“Corridor_Segment”$ 
    corridor �p. getPropertyValue#‘isPartOfCorridor’$; 
    IfIfIfIf    not already on the same corridor 
     instructions1�”Proceed until you meet a crossroad”; 
    EndifEndifEndifEndif    
   EndforeachEndforeachEndforeachEndforeach    
  EndifEndifEndifEndif    
        If If If If passage.isOfType#‘Door’$ 
   room� passage.getPropertyValue#‘isDoorOf’$; 
   move_keyword�’enter’; 
   IfIfIfIf    start_point.isOfType#‘Entry_Point’$ 
    move_keyword �’exit’; 
            EndifEndifEndifEndif    
            instructions1�” When you are in front of the door of ”1room1 

move_keyword; 
  



69 
 

    

Figure 18. Instructions generation from path 

We produce instructions for the user and inform him when there is a junction 
or turn. What is also particularly important here is that we inform the user in case 
of changing direction, not in terms of magnetic orientation, (north, south etc), but 
in terms of left or right change of route. This is actually more helpful for the 
intermediate user, which has relatively small awareness of the compass 
orientation. This feature is feasible, because of the way the corridors are 

described with an orientation, as presented in section 3.4.2.1. The same applies, 
to our knowledge on whether a user enters or exits a room, which is based on 
the concept of ‘Entry_Point’. 

 

  

ElseifElseifElseifElseif    passage.isOfType#‘Elevator_Segment’$ ||||||||    
        passage.isOfType#‘Stairway’$ 
   type�’stairway ‘ || ‘elevator’; 
   end_floor� end_point.getFloor#$; 
   instructions1�” When you reach the” 1type1”, take it  

and go to floor ”1end_floor 
  ElseifElseifElseifElseif    passage.isOfType#‘Corridor_Segment’$    
            corridor�passage. getPropertyValue#‘isPartOfCorridor’$; 
   IfIfIfIf    not previously on the same corridor 
    orientation�getOrientation# 

prev_orientation,start_point,end_point$; 
    prev_orientation�orientation; 
    instructions1�Go " 1 orientation 1 " through the corridor. 
   ElseifElseifElseifElseif    previously passed through junction 
    instructions1�    ““““Pass by the crossroad and continue on the 
same direction” 
   EndifEndifEndifEndif    
        EndifEndifEndifEndif    
    EndforeachEndforeachEndforeachEndforeach 

End 
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Chapter 4 

4 Implementation 
 
 
 

4.1 System rules 
 
As regards the rules having been used during the system implementation, 

some of them are presented below, expressed in SWRL. By no means are these 
rules restrictive. Based on the application scenario and the SOP taxonomy, these 
rules can be altered or even new categories can be added (especially when 
regards rewarding / penalizing rules). We should note here that the prefixes 
“sop:” and “upo:” represent the ontology each property or class belongs to (SOP 
and UPO accordingly). 

4.1.1 Examples of excluding rules 
 

• upo:MotorImpairedUser(?u) ∧ sop:Stairway(?s) → isObstacleFor(?s,?u) 
Description: If a user is disabled and makes use of a motor powered 
vehicle, exclude all stairways 

• upo:MotorImpairedUser(?u) ∧ sop:Escalator(?s) → isObstacleFor(?s,?u) 
Description: If a user is disabled and makes use of a motor powered 
vehicle, exclude all escalators 
 

4.1.2 Examples of including/penalizing rules 
 
During our system implementation we used several different sub-categories of 
non-excluding rules.  

• Perceptual rules. 
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o upo:HearingImpairedUser(?u) ∧ sop:hasDescription(?pass,?descr) 
∧ sop:Audio_Description(?descr) → sop: hasPenaltyFor(?pass,?u) 
Description: If a user is hearing impaired then penalize all path 
elements that have audio description. 

o upo:VisuallyImpairedUser(?u) ∧ sop:hasDescription(?pass,?descr) 
∧ sop:Audio_Description(?descr) →  sop:hasBonusFor(?pass,?u) 
Description: If a user is visually impaired then reward all path 
elements that have audio description. 

• Routing preferences rules 
o upo:LazyUser(?u)  ∧  sop:Motor_Passage(?pass) → 

sop:hasPenaltyFor(?u, ?pass) 

upo:LazyUser(?u)  ∧  sop:Stairway(?s)  →  
sop:hasBonusFor(?u, ?pass) 
Description: If a user has been classified as lazy, then reward any 
passages powered by motor, and penalize any stairways. 

o upo:VisuallyImpairedUser(?u)  ∧  sop:Turn_Point(?p) → 
sop:hasPenaltyFor(?u, ?p) 
Description: If a user is visually impaired then penalize all turns. 

• Rules connected to user’s fields of interest 
o sop:Room(?r) ∧ sop:hasPoint(?r, ?e) ∧ sop:isOfInterest(?r, ?i) ∧ 

upo:User(?u) ∧ upo:hasInterest(?u, ?i) →sop:hasBonusFor(?u, ?e) 
Description: If a user has defined his/her fields of interest and a 
room matches some of these interests, then reward path points that 
are connected to this room. 

o Let ?date,?time be constant values for date, time we retrieve from 
the system just before querying, e.g ‘2008-08-25’,  ‘10:35:42’ 
accordingly. Also let ?current_day and ?current_month be also 
constants with according values, eg ‘25’ and ‘08’ 

upo:User(?u) ∧ upo:hasInterest(?u,?i) ∧ sop:Space(?s) ∧ 
sop:hasPoint(?s,?p) ∧ upo:Event(?e) ∧ upo:hasStartDate(?e,?sd) ∧ 
upo:hasEndDate(?e,?ed) ∧ upo:hasStartTime(?e,?st) ∧ 
upo:hasEndTime(?e,?et) ∧  upo:involves(?e,?i)  ∧ 
upo:hasLocation(?e,?s) ∧ swrlb:lessThanOrEqual(?sd,?date) ∧  
swrlb:substring(?year, ?sd, 0, 4) ∧  
swrlb:substring(?month, ?sd, 5, 7) ∧ 
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swrlb:substring(?day, ?sd, 8, 10) ∧ 
swrlb:greaterThanOrEqual(?ed,?date) ∧ 
swrlb:lessThanOrEqual(?st,?time) ∧ 
swrlb:greaterThanOrEqual(?et,?time) → sop:hasBonusFor(?p,u) 
Description: If a user has defined his/her fields of interest and at the 
present moment an event takes place that matches any of these 
fields, reward path points connected to the location the event takes 
place in 
Note: To decide whether an event takes places during a specific 
moment we also have to check the periodicity of the event. For 
example if the event recurs on a weekly base, we have to add to 
the body of the query above, the following part: 

∧ upo:hasPeriod(?e,upo:Weekly)  ∧ 
temporal:duration(?duration,?sd,?date,temporal:Days)  ∧ 
swrlb:mod(0, ?duration, 7) ∧ 
 
or if the event recurs on a monthly base: 

∧ upo:hasPeriod(?e,upo:Monthly)  ∧  
swrlb:equal(?day, ?current_day) ∧ 
 
or if the event recurs on an annual base: 

∧ upo:hasPeriod(?e,upo:Annually)  ∧  
swrlb:equal(?day, ?current_day) ∧ 
swrlb:equal(?month, ?current_month) ∧ 
 

4.2 Total system functionality 
 

The total system functionality is presented as a series of workflows in the 
following figures. Figure 19 depicts the system initialization. During this step we 
load the models and instances of SOP and UPO ontologies and initialize the rule 
engine. Moreover we generate the traversal graph from the SOP model. 
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Figure 19. System Initialization 

 

Figure 20 presents the workflow for the user’s logging in to the system and 
the request for a path where the destination is known, or for a timed tour. As 
regards the user’s logging in, there are two distinct cases. If the user has used 
the system before and has already created a profile, we retrieve his/her profile 
from our knowledge base. Otherwise he/she fills in some forms (the generation of 
which is work of the first block of CNGINE and the presentation of which is out of 
the scope of this thesis), generates a new profile and saves the new profile in the 
knowledge base. By referring to profile we actually mean the classification of the 
user in terms of UPO classes, the execution of the rules and the retrieval of the 
elements which are excluded or rewarded/penalized for the particular user.  Then 
we retrieve the graph generated during system initialization and extract all the 
path elements produced by the excluding rules of the previous step. So after the 
user has logged in, a graph and a collection of points with a rewarding/penalizing 
mark for this particular user are saved in memory. Whenever our system 
receives a request by this user the primary algorithm is executed first. If the user 
has asked just for the shortest route to a particular SOP class (e.g. projector), 
then there is not a secondary algorithm to be applied. We just find all the 
instances of the classes in question and return the shortest path to each one of 
them. However if the user has asked for a path to a provided destination or for a 
timed tour, then the secondary algorithm is executed on the results of the primary 
one. Finally the path with the highest total rank is returned to the user. 
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Figure 20. Basic request and login workflow 

 

In Figure 21 some parts of the basic user interface are presented. The 
user is provided with the SVG Interaction Map. When the mouse hovers over 
some SVG elements the color of the background changes, providing the user 
with notification on what elements are selectable. On selecting any of the above 
elements the according selected field (destination or source) is filled in. The user 
also can select the floor map he/she wants to view, and on doing that, the 
according SVG map is rendered. If the user wants to get a path to closest 
destination class, he/she may choose it from the given option list. Moreover if 
he/she wants to provide the maximum time for the asked tour, he fills in the 
according field (in minutes). On pushing the “Show Path” button the generated 
path is highlighted on the SVG map. Some examples of highlighted paths are 
presented in the Evaluation section. Whenever he/she wants to get textual 
instructions on the generated path, he presses the button “Get Intructions”. 
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Figure 21. User Interface 
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4.3 Implementation tools 
 

This chapter is an effort to mention, describe and highlight all the design 
and implementation tools which the thesis used to achieve the desired goal and 
finally integrate the demonstration application. 

4.3.1 Ontology Web Language (OWL) 

 
The Web Ontology Language (OWL) is a family of knowledge representation 

languages for authoring ontologies, and is endorsed by the World Wide Web 
Consortium. OWL is intended to be used when the information contained in 
documents needs to be processed by applications, as opposed to situations 
where the content only needs to be presented to humans [48]. OWL can be used 
to explicitly represent the meaning of terms in vocabularies and the relationships 
between those terms. OWL has more facilities for expressing meaning and 
semantics than XML, RDF, and RDF-S, and thus OWL goes beyond these 
languages in its ability to represent machine interpretable content on the Web. 
OWL is a revision of the DAML+OIL web ontology language incorporating 
lessons learned from the design and application of DAML+OIL. OWL provides 
three increasingly expressive sublanguages designed for use by specific 
communities of implementers and user [49]. 

• OWL Lite supports those users primarily needing a classification hierarchy 
and simple constraints. For example, while it supports cardinality constraints, 
it only permits cardinality values of 0 or 1. It should be simpler to provide tool 
support for OWL Lite than its more expressive relatives, and OWL Lite 
provides a quick migration path for thesauri and other taxonomies. Owl Lite 
also has a lower formal complexity than OWL DL. 

• OWL DL supports those users who want the maximum expressiveness while 
retaining computational completeness (all conclusions are guaranteed to be 
computable) and decidability (all computations will finish in finite time). OWL 
DL includes all OWL language constructs, but they can be used only under 
certain restrictions (for example, while a class may be a subclass of many 
classes, a class cannot be an instance of another class). OWL DL is so 
named due to its correspondence with description logics, a field of research 
that has studied the logics that form the formal foundation of OWL. 
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• OWL Full is meant for users who want maximum expressiveness and the 
syntactic freedom of RDF with no computational guarantees. For example, in 
OWL Full a class can be treated simultaneously as a collection of individuals 
and as an individual in its own right. OWL Full allows an ontology to augment 
the meaning of the pre-defined (RDF or OWL) vocabulary. It is unlikely that 
any reasoning software will be able to support complete reasoning for every 
feature of OWL Full. 

Each of these sublanguages is an extension of its simpler predecessor, both in 
what can be legally expressed and in what can be validly concluded. The 
following set of relations hold. Their inverses do not. 

• Every legal OWL Lite ontology is a legal OWL DL ontology. 
• Every legal OWL DL ontology is a legal OWL Full ontology. 
• Every valid OWL Lite conclusion is a valid OWL DL conclusion. 
• Every valid OWL DL conclusion is a valid OWL Full conclusion. 

For the needs of the current thesis, the sublanguage selected was OWL DL. The 
main reasons of this choice (in contrast with OWL Lite), is the necessity for 
cardinality values more than 0 or 1 and the power that OWL DL gives in the area 
of reasoners for Description Logic (in contrast with OWL Full) [50]. 

 

4.3.2 Protégé 3.4_beta 

 
Protégé 3.4_beta is the platform used to design all the ontologies in the 

Knowledge Base. Protégé is a free, open-source platform that provides a 
growing user community with a suite of tools to construct domain models and 
knowledge-based applications with ontologies. At its core, Protégé implements a 
rich set of knowledge-modeling structures and actions that support the creation, 
visualization, and manipulation of ontologies in various representation formats. 
Protégé can be customized to provide domain-friendly support for creating 
knowledge models and entering data. Furthermore, Protégé can be extended by 
way of a plug-in architecture and a Java-based Application Programming 
Interface (API) for building knowledge-based tools and applications [51]. 
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The Protégé platform supports two main ways of modelling ontologies - 
frame-based and OWL, each with its own user interface. The Protégé-OWL 
editor is an extension of Protégé that supports the Web Ontology Language 
(OWL), which is selected to develop our ontology. An important difference 
between Protégé and OWL is that OWL does not use the Unique Name 
Assumption (UNA). This means that two different names could actually refer to 
the same individual. 

Protégé is a flexible, configurable platform for the development of arbitrary 
model-driven applications and components. Protégé has an open architecture 
that allows programmers to integrate plug-ins, which can appear as separate 
tabs, specific user interface components (widgets), or perform any other task on 
the current model. The Protégé-OWL editor provides many editing and browsing 
facilities for OWL models, and therefore can serve as an attractive starting point 
for rapid application development. Developers can initially wrap their components 
into a Protégé tab widget and later extract them to distribute them as part of a 
stand-alone application. 

In addition to providing an API that facilitates programmatic exploration 
and editing of OWL ontologies, Protégé-OWL features a reasoning API, which 
can be used to access an external DIG compliant reasoner, thereby enabling 
inferences to be made about classes and individuals in an ontology. 

A DIG (DL Implementation Group) compliant reasoner is a Description 
Logic reasoner that provides a standard access interface (a.k.a. the DIG 
interface), which enables the reasoner to be accessed over HTTP, using the DIG 
langauge. The DIG language is an XML based representation of ontological 
entities such as classes, properties, and individuals, and also axioms such as 
subclass axioms, disjoint axioms, and equivalent class axioms. The DIG 
langauge contains constructs that allow clients to "tell" a reasoner about an 
ontology and also "ask" a reasoner about what it has inferred, such as subclass 
releationships. 

It is generally admitted that Protégé is not bug-free, but there is a lively 
mailing list which can help resolve issues and to which anyone can also submit 
bug reports or improvement suggestions. 

4.3.3 Protégé-OWL API 
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The Protégé-OWL API is an open-source Java library for the Web Ontology 
Language (OWL) and RDF(S). The API provides classes and methods to load 
and save OWL files, to query and manipulate OWL data models, and to perform 
reasoning based on Description Logic engines [52]. Furthermore, the API is 
optimized for the implementation of graphical user interfaces. The API is 
designed to be used in two contexts: 

• For the development of components that are executed inside of the 
Protégé-OWL editor's user interface. 

• For the development of stand-alone applications (e.g., Swing applications, 
Servlets, or Eclipse plug-ins). 

The Protégé-OWL API is centered around a collection of Java interfaces from 
the model package. These interfaces provide access to the OWL model and its 
elements like classes, properties, and individuals. Application developers should 
not access the implementation of these interfaces (such as 
DefaultRDFIndividual) directly, but only operate on the interfaces. Using these 
interfaces programmer doesn’t have to worry about the internal details of how 
Protégé stores ontologies. Everything is abstracted into interfaces and the code 
should not make any assumptions about the specific implementation. The most 
important model interface is OWLModel, which provides access to the top-level 
container of the resources in the ontology. OWLModel can be used to create, 
query, delete resources of various types and return objects for specific 
operations. 
OWL and RDF resources are globally identified by their URIs, such as 

http://www.owl-ontologies.com/travel.owl#Destination. However, since URIs 
are long and often inconvenient to handle, the primary access and identification 
mechanism for ontological resources in the Protégé-OWL API is their name. A 
name is a short form consisting of local name and an optional prefix. Prefixes are 
typically defined in the ontology to abbreviate names of imported resources. The 
Protégé-OWL API makes a clear distinction between named classes and 
anonymous classes. Named classes are used to create individuals, while 
anonymous classes are used to specify logical characteristics (restrictions) of 
named classes. 
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4.3.4 RacerPro Reasoner 

 
OWL-DL has its foundations in Description Logics, which are decidable 

fragments of First Order Logic. For a particular task, logic is decidable if it is 
possible to design an algorithm that will terminate in a finite number of steps. For 
example, in Description Logic it is possible to write an algorithm that calculates 
whether or not one concept is a subclass of another concept, which is 
guaranteed to terminate after a finite number of steps. Because an OWL-DL 
ontology can be translated into a Description Logic representation, it is possible 
to perform automated reasoning over the ontology using a Description Logic 
reasoner. A Description Logic reasoner performs various inferencing services, 
such as computing the inferred superclasses of a class, determining whether or 
not a class is consistent (a class is inconsistent if it cannot possibly have any 
instances), deciding whether or not one class is subsumed by another, etc. Some 
of the popular Descrioption Logic reasoners that are available: Racer, Fact, 
Fact++, Pellet. The reasoner used for the purpose of this thesis is Racer. 
RACER stands for Renamed ABox and Concept Expression Reasoner. 

RacerPro is the commercial name of the software [53]. The origins of RacerPro 
are within the area of description logics. Since description logics provide the 
foundation of international approaches to standardize ontology languages in the 
context of the so-called semantic web, RacerPro can also be used as a system 
for managing semantic web ontologies based on OWL. However, RacerPro can 
also be seen as a semantic web information repository with optimized retrieval 
engine because it can handle large sets of data descriptions. Finally, the system 
can also be used for modal logics such as Km. 
The semantic web is aimed at providing "machine-understandable" web 

resources or by augmenting existing resources with "machine-understandable" 
meta data. An important aspect of future systems exploiting these resources is 
the ability to process OWL documents (OWL KBs), which is the official semantic 
web ontology language. Ontologies may be taken off the shelf or may be 
extended for domain-specific purposes (domain-specific ontologies extend core 
ontologies). For doing this, a reasoning system is required as part of the ontology 
editing system. RacerPro can process OWL Lite as well as OWL DL documents 
(knowledge bases). Some restrictions apply, however. OWL DL documents are 
processed with approximations for nominals in class expressions and user-
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defined XML datatypes are not yet supported. The following services are 
provided for OWL ontologies and RDF data descriptions: 

• Check the consistency of an OWL ontology and a set of data descriptions. 
• Find implicit subclass relationships induced by the declaration in the 
ontology. 

• Find synonyms for resources (either classes or instance names). 
• Since extensional information from OWL documents (OWL instances and 
their interrelationships) needs to be queried for client applications, an 
OWL-QL query processing system is available as an open-source project 
for RacerPro. 

HTTP client for retrieving imported resources from the web. Multiple 
resources can be imported into one ontology.Incremental query answering for 
information retrieval tasks (retrieve the next n results of a query). 
 

4.3.5 Semantic Web Rule Language (SWRL) 

 
Semantic Web Rule Language (SWRL) [54] is based on a combination of 

the OWL DL and OWL Lite sublanguages of the OWL Web Ontology Language 
with the Unary/Binary Datalog RuleML sublanguages of the Rule Markup 
Language. SWRL is unique in being an extension of OWL DL, so that users of 
OWL DL can add rules to their ontologies and maintain clear semantics. SWRL 
includes a high-level abstract syntax for Horn-like rules in both the OWL DL and 
OWL Lite sublanguages of OWL. A model-theoretic semantics is given to provide 
the formal meaning for OWL ontologies including rules written in this abstract 
syntax. 

In common with many other rule languages, SWRL rules are written as 
antecedent-consequent pairs. In SWRL terminology, the antecedent is referred to 
as the rule body and the consequent is referred to as the head. The head and 
body consist of a conjunction of one or more atoms. Atoms in these rules can be 
of the form C(x), P(x,y), sameAs(x,y) or differentFrom(x,y), where C is an OWL 
description, P is an OWL property, and x,y are either variables, OWL individuals 
or OWL data values. The rules described in SWRL have the form below: 

antecedent ⇒ consequent 
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where both antecedent and consequent are conjunctions of atoms written a1 ∧ ... 
∧ an. The intended meaning can be read as: whenever the conditions specified in 
the antecedent hold, then the conditions specified in the consequent must also 
hold. 

Both the antecedent (body) and consequent (head) consist of zero or 
more atoms. An empty antecedent is treated as trivially true, so the consequent 
must also be satisfied by every interpretation; an empty consequent is treated as 
trivially false, so the antecedent must also not be satisfied by any interpretation. 
Multiple atoms are treated as a conjunction. Note that rules with conjunctive 
consequents could easily be transformed into multiple rules each with an atomic 
consequent. Variables are indicated using the standard convention of prefixing 
them with a question mark (e.g., ?x). Using this syntax, a rule asserting that the 
composition of parent and brother properties implies the uncle property would be 
written: 

parent(?x,?y) ⇒ brother(?y,?z) ⇒ uncle(?x,?z) 
All the production rules in this work were written in SWRL language. 

4.3.6 SVG & Inkscape Illustrator 

 
nkscape Illustrator offers many helpful features that bring new ease to 

creating and managing Scalable Vector Graphics (SVG) for mobile devices and 
the web. The demonstration application of the thesis was developed on Inkscape 
Illustrator  and the ground plans used were in SVG file format. 

Scalable Vector Graphics (SVG) is a graphics file format and Web 
development language based on XML. SVG enables Web developers and 
designers to create dynamically generated, high-quality graphics from real-time 
data with precise structural and visual control. With this powerful new technology, 
SVG developers can create a new generation of Web applications based on 
data-driven, interactive, and personalized graphics. SVG aims to be to graphics 
what HTML is to page layout. SVG allows artists and developers to specify 
graphic images using an HTML-like markup language, allowing for graphics that 
not only take up much smaller amounts of bandwidth, but also allows scripting of 
the graphical elements for animation and interactivity. 

SVG is a language for describing two-dimensional graphics and graphical 
applications in XML. It enables Web developers, designers, and users to move 
beyond the limitations of HTML and create robust visual content and interactivity 
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through a simple declarative programming model.    SVG is suitable for Web 
applications based on data-driven, interactive, personalized graphics from real-
time data sources such as e-commerce systems and corporate databases [55]. 
Developers can customize SVG for many audiences, cultures, and 
demographics, no matter how the user interacts with the data. 

SVG makes it possible to specify, using text, graphical images that appear 
on the page. For example, where a traditional graphic would need to specify 
every pixel of a rectangle, an SVG simply states that the rectangle exists, and 
specifies its size, position, and other properties. The advantages are many, 
including the ability to easily generate graphics (such as graphs and charts) from 
database information, and the ability to add animation and interactivity to 
graphics. Industry applications of SVG include mobile authoring, print based on 
XML page description including variable data printing, Web applications, and 
Geographic Information System (GIS) mapping. 
SVG was introduced as an open standard by the World Wide Web Consortium 
(W3C) in 1999 for publishing animation and for interactive applications using 
vector graphics on the Web [56]. In 2004, a vast majority of the mobile phone 
industry chose SVG as the basis for its graphics platform. The features of SVG: 

• Small file size: On average, SVG files are smaller than other Web graphic 
formats, such as JPEG and GIF, and are quick to download. 

• Display independence: SVG images are always crisp onscreen and print 
at the resolution of your printer, whether it's 300 dots per inch (dpi), 600 
dpi, or higher. You never get jagged edges due to pixel enlargement or 
anti-aliasing. 

• Superior color control: SVG offers a palette of 16 million colors and 
supports ICC color profiles, sRGB, gradients, and masking. 

• Interactivity and intelligence: Since SVG is XML-based, it offers 
unparalleled dynamic interactivity. SVG images can respond to user 
actions with highlighting, tool tips, special effects, audio, and animation. 

• Zooming: Users can magnify an image up to 1,600% without sacrificing 
sharpness, detail, or clarity. Text stays text in SVG, images remains 
editable (within the source code) and, more importantly, SVG is 
searchable (unlike in raster and binary counterparts). There are no font or 
layout limitations, and users always see the image the same way you do. 
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• Text-based files: An SVG file is text-based, not binary. It is a "human 
readable" format much like HTML. Even a beginner can look at SVG 
source code and immediately make sense of the descriptive content 
relative to the graphic representation. 
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Chapter 5 

5 Conclusion & Future Work 
 
 
 

This final chapter will summarize the basic design and implementation 
characteristics of the thesis research, will describe a small efficiency evaluation 
and finally will present the ideas for future research and the motivation for an 
integrated Contextual Guide. 

5.1 General Concluding Ideas 
 

Current thesis was dedicated to present and describe a framework for 

semantically enriched navigation in indoor environments and specifically, the 

path-finding component. The first chapter introduced the subject of the master’s 

thesis and presented briefly the main points of research and integration. 

Furthermore, a separated section was dedicated to inform the reader about 

specific terminology, in order to get familiar with useful definitions and 

background knowledge, essential for the comprehension of current thesis. 

Chapter 2 presented and summarized the main characteristics of some important 

integrated navigation systems and mentioned not only their positive points but 

their weaknesses as well. Then, a small review of the literature related to 

location-based modeling systems was delivered and finally a small section about 

the innovative ideas, that this particular thesis introduces, were outlined. Chapter 

3 presented the full system design and architecture, while chapter 4 described all 

the implementation techniques as well as the system information flow. Moreover 

all the design and implementation tools, which have been used in the application, 

were mentioned. 
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. The general architecture of the component designed for this work is 
presented below: 

• User Interface. It describes the way the counter-interaction between the 
system and the user is carried out. In this work we presented an API for 
creating a graphic map based on SVG (Scalable Vector Graphics), 
which will serve as the user interface. We also proposed an algorithm 
for populating the SOP ontology, based on the SVG file of each floor. 

• Spatial Model. Our system is based on a hybrid spatial modeling, that is 
modeling based both on geographic/geometric representation and 
semantic/symbolic description.  

• Navigation and path-finding algorithms. The user may choose 
amongst a selection of ways of navigation. Apart from navigating from 
his current location to a desired destination, he/she also has the option 
of requesting for a time-constrained tour on random points of interest. All 
these algorithms generate paths specific to the user’s profile. 

• Instructions generation algorithm. In the current thesis a specific 
algorithm was presented for creating textual instructions for the 
suggested path. This particular algorithm is quite simple but is generic 
enough so that any further addition based on specific user profile 
parameters is feasible. 

 

5.2 Efficiency Evaluation 
 

In this section we are going to describe some of the scenarios based on 
which, we evaluated our theme block, the results of some experimental tests and 
the conclusion points we have made. The present evaluation targets both at 
measuring the system’s performance and the verification of its proper function. 

5.2.1 Evaluation Scenarios 
 

For this evaluation we used a scenario, in which only one user has access to our 
system. The data for this scenario are presented below: 
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• The navigation space is a two-floor building. The ground plan for the 
basement and the first-floor are actually the same and are presented in 
Figure 22. This building contains many of the elements described by SOP. 
The instances of SOP were generated, using the algorithm presented in 
section 3.4.2.2. The actual values on the edges of the generated graph 
are not expressed in realistic length/time units. The large red dots depict 
points of interest for the particular user, while the large black dot shows 
the position of an elevator and the large orange dot the position of a 
stairway. All the small green dots depict  junctions. 
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Figure 22. Floor ground plan 

• We consider the user to be already classified as lazy one and the path 
selection rules used are presented in Table 4. We present a case where 
we don’t use any exclusive rules, as the map sample is a simple one and 
we do not want to exclude any of the little range of different SOP 
elements. However, this does not affect our evaluation results, as this 
would only affect the stage of creating the initial graph. 
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• We return the 3 most appropriate (k=3) paths on the execution of our 
primary algorithm. 

 

Table 4. Selection rules for path elements 

upo:LazyUser(?u)  ∧  sop:Stairway(?s) → sop:hasPenaltyFor(?u, ?s) 

upo:LazyUser(?u)  ∧  sop:Ramp(?r) → sop:hasPenaltyFor(?u, ?r) 

upo:LazyUser(?u)  ∧  sop:Junction(?p) → sop:hasPenaltyFor(?u, ?p) 

upo:LazyUser(?u)  ∧ sop:Motor_Passage(?pass) →sop:hasBonusFor(?u, ?pass) 

upo:User(?u) ∧ upo:hasInterest(?u)  ∧ sop:Path_Point(?p) ∧ 
hasObservationTime(?p) ∧  isOfInterest(?p,?i) → sop:hasBonusFor(?u, ?pass) 

 

The evaluation is separated in two separate parts: the performance evaluation 
and the qualitative evaluation. The first part handles the measurement of the 
execution latency. The first metric used for this part of evaluation is the response 
time (RT), defined as the duration between receiving a navigation request and 
sending the response (the most appropriate path) back to the user. Basically the 
response time depends on the execution time (ET) of the different processes of 
the system. In order to acquire a more complete image of this dependence, we 
will measure the execution time of each of these processes/components 
separately. 

• ΕΤΚ  : The execution time of the primary algorithm 
• ETR : The execution time of the rule engine and the appliance of the rules 
on each of the returned paths of the primary algorithm. 

So, 

RT = ΕΤG  + ΕΤΚ + ETR, 
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As regards the qualitative evaluation, ideally it should be performed using 
real users and probably based on special metrics which will record their level of 
satisfaction, their navigational time, the times they got lost, etc. As part of this 
work that was not feasible and we will only present the generated paths. Finally 
we should mention that the computer system used for the evaluation had the 
following characteristics: 

• CPU: Intel Core 2 Duo 1.82 GHz 
• RAM: 2 GB 
• OS: Ubuntu Linux 8.04 
•  

5.2.2 Evaluation Results 
 

Performance Evaluation 

We should mention here that the process of generating the SOP instances from 
the SVG files depicting the floors presented in Figure 22, took about 13.5 
seconds. Also the generation of the graph from the SOP instances was on 
average about 700 ms. However the first is a one-time process, while the latter 
takes place only during the user’s logging, which means that the total cost in 
terms of times is not actually a concern for our system. In Table 5 we present the 
average response time for both the case when the user knows the destination of 
the route, and the case where he asks for a timed tour based on his fields of 
interest. In the first case we chose a destination as far as possible from the 
source point. In the second case we used 60 minutes as the maximum time for 
the generated tour, so that the user can actually go to every possible point of 
interest in that period of time. To calculate the average response time we used 
10 same requests of the user. A more qualitative view of the execution times is 
presented in Figure 25 and Figure 26. We can see that the total response time is 
quite close both for the case of timed tours and paths with known destination. 
Obviously the largest amount of time is spent on the primary path generation 
algorithm. The percentage of time spent is almost the same for the graph 
generation and the secondary path generation algorithm, which also includes the 
execution of the rules. The average response time for both cases mentioned at 
the top is around 2.5 seconds, which seems to be quite satisfactory. However we 
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must mention here that in all measures mentioned so far, we suppose that the 
system is initialized, otherwise we must add an additional cost, which may be 
over 10 seconds, to the first request of the user. 
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Figure 23. Generated paths when the destination is known 
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Table 5. Average response times (in milliseconds) 

Known Destination Tour 

ΕΤΚ 1798.4 
ETR   481.6 
RT  2280.2 

ΕΤΚ 1987.2 
ETR   490.5 
RT  2477.7 

 

 

Qualitative evaluation 

In Figure 23 the generated paths are presented when the starting point is the one 
on the first floor marked with green, and the destination is the point on the 
second floor marked with red. The same applies for Figure 24 in terms of 
destination and source points colors. However in this case the destination is not 
predefined. On the other hand, because of the fact that the input time (60 
minutes) is enough to visit every point of interest, the destination in this example 
is always the same. In terms of percentages in this example we placed 90% 
weight on the amount of points of interest and the remaining 10% percent on the 
traversal time of the path. We wanted the path to contain as much points of 
interest as possible and also to be as short as possible. For the secondary 
algorithm we placed for both cases 70% percentage on rewarding/penalizing 
path elements and 30% on the path’s length (in case of timed tours this weight 
depicts the weight generated by the primary algorithm) 
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Figure 24. Generated paths for timed tour 
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5.3 Open issues 
 

Design SVG map using any SVG applicable elements 

As presented, we have developed an API for creating an SVG file that will 
serve as our interaction map. However in our current API, the designer must use 
specific SVG elements to create elements mapping to particular SOP classes. 
For example if the designer wants to create a Corridor he must specifically create 
an svg:line element. However some editors (Inkscape is between them) use 
svg:path element to represent a line. In our current work we used more than one 
editor to create any wanted element in the simplest form possible. So a future 
task could be to optimize the algorithm responsible for converting the SVG map 
to instances of the spatial model, so that it properly recognizes any possible SVG 
element. 

Integration of a complete application 

The original motivation, as described in previous chapters, is to create a 
semantics-based contextual guide for indoor environments. The contextual guide 
will be designed for pedestrian navigation regarding several aspects of user 
modeling. The design plan to fulfil the original expectations led the research team 
to divide the total study into three different research areas. The first area is 
occupied with the design and implementation of dynamic semantic profiles and 
the development of services that use these profiles. The second, which is the 
current thesis subject, is focused on semantic spatial representation and the 
development of path finding and navigation techniques. Finally, the third area, is 
occupied with the user navigation tracking.  
 After the implementation of each of the three research parts, the most 
important and challenging task is to unify them and create the integrated 
Contextual Guide. The complete application will exploit all the provided 
functionality of the three related components by establishing a proper 
communication and information flow between them.  Moreover the actual position 
of the user will be provided by utilizing a location sensing technology with the 
appropriate efficiency 
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Qualitative evaluation with real users 
 

Since the proposed system is purely user-oriented, an extensive and 
analytical evaluation with real users is essential. The fact that the system rules 
are actually defined a priori, provides us with a certainty about the system’s 
proper functionality. However further research must be conducted on the ease of 
construction of a complete and sound set of rules. Moreover the 
reward/penalizing mechanism is another topic of future evaluation, so that it can 
provide with a high level of certainty the desired results under different scenarios. 

Another issue of great importance for future investigation is the system 
expansion in multi-user environments. Specifically, the original intension is an 
integrated application which will support simultaneous tracking of all users who 
navigate with the aid CNGINE. The system architecture, as presented in previous 
chapters, is designed in order to handle such an extension, since the ontology-
based architecture provides the ability for many user instances.  

For crucial changes which influence all the users (e.g. user feedback) the 
ontology updates must be handled in such a way, that the results are also visible 
to every other user. So, the knowledge base must be stored in a central point, 
eg. a database. Moreover with such a design confrontation, the system will 
secure valuable navigation information related to the multi-user interoperability 
from possible system crashes during execution.    
 
Primary Path Generation Algorithm 
 

In terms of performance optimization we could probably try different 
traversal algorithm approaches. The k-shortest path algorithm is possibly not the 
best one. More specifically we could base our approach on the special geometric 
properties of the graph (it actually depicts an Euclidian network) or the fact that 
the topological graphs of structured spaces are sparse. Another possible solution 
could be to use hierarchical clustering (based on different floors) or even 
measure the performance of other known traversal algorithms (e.g. A*). 
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XML eXtensible Markup Language 

RDF Resource Description Framework 

OWL Ontology Web Language 

OWL DL OWL Description Logic 

API Application Program Interface 

UNA Unique Name Assumption 

DIG DL Implementation Group 

RACER Renamed Abox and Concept 
Expression Reasoner 

SWRL Semantic Web Rule Language 

LHS Left Hand Side 

RHS Right Hand Side 

SVG Scalable Vector Graphics 

WWW World Wide Web 

POI Point of Interest 
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