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Abstract 

Composition of time and space in a unified data framework results into spatio-temporal databases. Spatio-

temporal Database Management Systems (STDBMS) are able to process, manage and analyze spatio-

temporal data. HERMES provides spatio-temporal functionality to Oracle 10g Object-Relational 

Database Management System (ORDBMS). It introduces time-varying geometries that change their 

position and/or extend in space and time dimension either discretely or continuously, extending PL/SQL, 

the data definition and manipulation language of Oracle 10g, with spatio-temporal semantics. Currently, 

its main use is for representing moving objects (cars, trucks, people etc.) trajectories. 

The problem of geospatial data interoperability has been an issue throughout the Geographic 

Information Systems (GIS) industry for a long time. The Open GIS Consortium (OCG) developed an 

eXtensible Markup Language based standard, Geography Markup Language (GML) with the intension to 

overcome this issue. GML is the standard for transport and storage of geographic information for those 

who need spatial and temporal sharing. GML, being a subset of XML, separates the content from 

presentation. Making maps from GML data involves a transformation of GML data into a display format 

that can be interpreted by viewer software. Keyhole Markup Language (KML) is an XML-based 

formatting standard that can be used to visualize GML data, using projection engines. The transformation 

of GML data into KML can be accomplished using an eXtensible Stylesheet Language Transformation 

(XSLT) stylesheet together with an XSLT processor. The XSLT stylesheet is an XML-based document 

that describes how data in a GML document is transformed into graphic elements in the KML document. 

By using different stylesheets, the same GML dataset can be visualized differently. In the same way, 

different datasets having a homogenous schema can use the same stylesheet. The possibility to use the 

same stylesheet for visualizing different datasets could be very useful in geographic data visualization. 

This thesis is focused on two domains;  

 Ιn designing and implementing a wrapper for transforming raw HERMES‟s data into GML 

entities and process specialized GML queries sent to the database and  

 Transforming these GML results into KML files for visualization purposes, via third-party 

projection engines. 
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Περίληψη 

Η ελνπνίεζε ηνπ Φψξνπ θαη ηνπ Φξφλνπ ζε έλα εληαίν πιαίζην έρεη σο απφξξνηα ηε δεκηνπξγία ρσξν-

ρξνληθψλ βάζεσλ δεδνκέλσλ. Τα Φσξν-Φξνληθά Σπζηήκαηα Γηαρείξηζεο Βάζεσλ Γεδνκέλσλ (Spatio-

Temporal Database Management Systems – STDBMS) είλαη ζε ζέζε λα επεμεξγαζηνχλ, λα 

δηαρεηξηζηνχλ θαη λα αλαιχζνπλ ρσξν-ρξνληθά δεδνκέλα. Τν HERMES παξέρεη ρσξν-ρξνληθέο 

ιεηηνπξγίεο ζην Αληηθεηκελν-Σρεζηαθφ Σχζηεκα Γηαρείξηζεο Βάζεσλ Γεδνκέλσλ (Object-Relational 

Database Management Systems – ORDBMS) ηεο Oracle ζηελ έθδνζε 10g. Δηζάγεη ρξνληθά 

κεηαβαιιφκελεο γεσκεηξίεο, νη νπνίεο είλαη ζε ζέζε λα αιιάδνπλ ηε ζέζε ή/θαη  ην ζρήκα ηνπο ζην 

πεδίνπ ηνπ ρψξνπ ή/θαη ηνπ ρξφλνπ αλά ηαθηά δηαζηήκαηα ή/θαη ζπλερψο. Έηζη επεθηείλεη ην PL/SQL 

(Procedural Language/Structured Query Language), ηελ γιψζζα νξηζκνχ θαη ρεηξηζκνχ δεδνκέλσλ ηεο 

Oracle 10g, κε ρσξν-ρξνληθέο έλλνηεο. Σηελ ηξέρνπζα θαηάζηαζε, ε βαζηθή ηνπ ιεηηνπξγία αθνξά ζηελ 

αλαπαξάζηαζε ηξνρηψλ θηλνχκελσλ αληηθεηκέλσλ (απηνθίλεηα, θνξηεγά, άλζξσπνη θιπ). 

Τν δήηεκα ηεο δηα-ιεηηνπξγηθφηεηαο ησλ γεσγξαθηθψλ δεδνκέλσλ απνηέιεζε πξφβιεκα ζηε 

βηνκεραλία ησλ Γεσγξαθηθψλ Σπζηεκάησλ Πιεξνθνξηψλ (Geographic Information Systems - GIS) γηα 

αξθεηφ θαηξφ. Τν Open GIS Consortium (OGC) αλέπηπμε έλα πξφηππν βαζηζκέλν ζηελ XML 

(eXtensible Markup Language), ην GML (Geography Markup Language) κε ζθνπφ λα ππεξθεξάζεη ην 

πξφβιεκα ηεο δηα-ιεηηνπξγηθφηεηαο. Τν GML απνηειεί πξφηππν γηα ηε κεηαθνξά θαη απνζήθεπζε 

γεσγξαθηθψλ πιεξνθνξηψλ. Όληαο ππνζχλνιν ηεο XML, δηαρσξίδεη ην πεξηερφκελν απφ ηελ 

παξνπζίαζε. Η δεκηνπξγία ραξηψλ απφ GML δεδνκέλα πεξηιακβάλεη ηελ κεηαηξνπή ησλ δεδνκέλσλ 

απηψλ ζε κηα κνξθή παξνπζίαζεο, ηθαλή λα αλαιπζεί απφ ην εθάζηνηε ινγηζκηθφ παξνπζίαζεο. Τν 

Keyhole Markup Language (KML) απνηειεί έλα, βαζηζκέλν επίζεο ζε XML, πξφηππν νπηηθνπνίεζεο 

ησλ GML δεδνκέλσλ, θάλνληαο ρξήζε κεραλψλ παξνπζίαζεο. Η κεηαηξνπή ησλ GML δεδνκέλσλ ζε 

KML επηηπγράλεηαη κε ηελ ρξήζε ελφο XSLT (eXtensible Stylesheet Language Transformations) 

ζπλφινπ θαλφλσλ ζε ζπλεξγαζία κε έλαλ θαηάιιειν XSLT επεμεξγαζηή. Τν ζχλνιν απηφ ησλ θαλφλσλ 

κνξθνπνίεζεο απνηειεί έλα XML αξρείν, ην νπνίν πεξηγξάθεη ηνλ ηξφπν κε ηνλ νπνίν έλα GML 

έγγξαθν κεηαηξέπεηαη ζε γξαθηθέο νληφηεηεο εληφο ελφο KML εγγξάθνπ. Φξεζηκνπνηψληαο 

δηαθνξεηηθνχο θαλφλεο κνξθνπνίεζεο, ην ίδην GML ζχλνιν δεδνκέλσλ δχλαηαη λα νπηηθνπνηεζεί 

δηαθνξεηηθά. Καηά ηνλ ίδην ηξφπν, δηαθνξεηηθά ζχλνια δεδνκέλσλ πνπ κνηξάδνληαη έλα νκνηνγελέο 

πξφηππν, κπνξνχλ λα ρξεζηκνπνηήζνπλ ηνπο ίδηνπο θαλφλεο κνξθνπνίεζεο. Η δπλαηφηεηα ρξήζεο 

θνηλψλ θαλφλσλ κνξθνπνίεζεο γηα ηελ νπηηθνπνίεζε δηαθνξεηηθψλ ζπλφισλ δεδνκέλσλ κπνξεί λα 

απνβεί ηδηαίηεξα ρξήζηκε γηα ηελ παξνπζίαζε γεσγξαθηθψλ πιεξνθνξηψλ. 

Η παξνχζα κειέηε επηθεληξψλεηαη ζε δχν βαζηθνχο άμνλεο: 

 Σηνλ ζρεδηαζκφ θαη ηελ πινπνίεζε ελφο ελδηάκεζνπ κεραληζκνχ (wrapper) γηα ηε 

κεηαηξνπή ησλ πξσηνγελψλ δεδνκέλσλ, πνπ απνζηέιινληαη σο απφθξηζε απφ ην ζχζηεκα 

HERMES, ζε GML φξνπο αιιά θαη ηελ επεμεξγαζία εηδηθψλ GML εξσηεκάησλ πξνο ηε 

βάζε θαη 

 Τε κεηαηξνπή ησλ GML απνηειεζκάησλ ζε KML αξρεία γηα ηνπο ζθνπνχο ηεο 

νπηηθνπνίεζεο, κε ηελ ρξήζε κεραλψλ παξνπζίαζεο ηξίησλ θαηαζθεπαζηψλ. 
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1 Introduction 

1.1 Background and motivation 

Nowadays, mobile users are more than ever before. In addition, advances in modern Database 

Management Systems (DBMS) have made it possible to store all kinds of information relating to various 

sources of Moving Objects (MO). For example, using Global Positioning Systems (GPS) and mobile-

wireless communications it is possible to store information related to the geographical position of a 

moving object depending on time (Figure 1-1).  
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Figure 1-1: Moving objects 

At a second level, is a combination of such information from the perspective of the moving object, 

creating the so-called Moving Object Trajectories (MOT). Of course, the process of producing trajectories 

from a range of points depending on time requires custom software, which operates on top of a database 

management system and is able to model the required data structures supporting spatial and temporal 

concepts (Figure 1-2). 

Trajectory 

Reconstruction 

Module

 
Figure 1-2: Raw locations & reconstructed trajectories 

The next stage is to feed the Moving Object Database (MOD) with all the information necessary to 

facilitate the various functions of Data Mining (DM) and taking into account the geographical context, as 

well as the various geographical levels, enabling export useful conclusions and ultimately knowledge in 

this field of research (Figure 1-3). 

It is understandable that, mining knowledge is only one sector, in a wider field of research related to 

spatial and temporal information of moving objects. Other fields in this area may include patterns 

extraction, visualization of information etc.  

A critical point for the operation of a system, which manages both trajectories of moving objects, and 

acts as a source of such information to third parties, is the transfer of data. More specifically, the need for 

interoperability at the level of migrant data to and from a Spatial Database Management System 

(SDBMS) is imperative. Interoperability in this case refers to the possibility of such a system to send data 

formatted into a self-described notation, which in turn is identifiable by each party. 

Such an approach requires mediation, of custom software, which will aim to convert outbound, from 

the database management system, data in a commonly acceptable format such as eXtensible Markup 

Language – XML (Bray, et al., 2006). In addition, all incoming data are urged to comply on the basis of a 
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predefined schema, so as to obtain the acceptance by the database management system for further 

processing. A competitive advantage arising from the use of XML standard is that because it is all about 

spatial data management, a more specific description can be used, which is directly associated with 

geographic concepts. This standard is Geography Markup Language – GML (OGC, 2004). With even the 

most recent additions to 3.1.1 version of GML, it is possible to model both spatial and temporal 

characteristics, as well as handle moving objects, through their respective extensions. 

 
Figure 1-3: Moving Object Databases architecture (Marketos, et al., 2008) 

The introduction of mechanisms for formatting data (wrapping) certainly is not limited to the use of 

XML and GML standards. It is possible to model data on other known and commonly accepted standards, 

such as that of Keyhole Markup Language – KML (Google, 2008), which bears several similarities with 

that of GML, but also the implementation of custom standards representation, in accordance with their 

respective needs.  

The use of generally accepted standards based on XML, such as those of GML or KML, outside the 

known benefits such as self-description, scalability, easy processing and handling, platform 

independence, etc., has some disadvantages, which lie mainly in nature of the spatial and temporal data 

and the way they are formatted. As with the XML format of data, it should be noted that GML documents 

tend to be large in size, mainly because of the existing extensive hierarchy GML 3 has. This makes data 

more difficult and complex to be processed, particularly when it comes to describe large volumes of data. 

One solution to this issue could provide some method of compression (i.e. Deflate algorithm (Deutsch, 

1996)), having a direct impact as increasing complexity of the system and processing times. 

It is conceivable that the use of XML wrappers and/or parsers, who are involved in the process of 

exchanging data to and from a database management system, is a fairly good solution to the issue in 

interoperability, with the ultimate objective of creating a loosely-coupled system for this purpose. 

1.2 Problem definition 

HERMES (Pelekis, et al., 2006) is a flexible computing framework, capable to support the design and 

development of spatial and temporal databases. In addition, it provides the necessary infrastructure for 

posing queries to a database with moving objects, whose location, shape and size vary over time. 

This framework has been developed as an extension, which provides spatial and temporal capabilities to 

the Oracle‟s object-relational database management system on version 10g (Oracle Corp., 2003). In 

addition, it is designed in such a way that someone can use it either as a purely spatial or purely temporal 

system, but its main contribution is to support management of continuously moving objects. 

In the current version, HERMES serves as a repository for trajectory data, through which a user comes 

to have a trajectory set for a moving object of interest in an object-relational form. In addition, the user 

can execute a series of queries to gauge data (using spatio-temporal operators or not) and retrieve the 

corresponding results. With its role as a repository of moving object trajectories, HERMES is used as a 

main data source in a series of individual applications as well, serving specific purposes, for example data 

loading software, data mining software, data visualization software, etc. (Figure 1-4). According to the 
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current system‟s implementation, it directly rises a need for formatting the data exchanged between the 

repository and its various applications, using a commonly acceptable standard, with the ultimate objective 

of creating a more flexible and expandable system. 

 
Figure 1-4: HERMES-based Trajectory Data Warehouse 

With the main objective of developing a more independent and flexible system, it is necessary to 

achieve a higher level of processing both incoming data and outgoing results, with the use of GML 

standard. Based on the latest version of this standard (3.1.1), we are not limited in representing statically 

geographic concepts, but also moving objects. The proposal builds on the idea of implementing an 

additional mechanism, which will be deployed between HERMES and each application (Figure 1-5) and 

will be able to: 

1. Provide a default GML standard, which will be used by the user for sending spatial and temporal 

queries to the database management system; these queries will then be converted into SQL 

queries, so that they can be further processed and 

2. Receive SQL results before they are sent back to the user and transform them into GML-based 

structures, giving thus to the end user a self-described set of results in relation to the query which 

performed. 

 
Figure 1-5: Wrapper extension on HERMES-based Trajectory Data Warehouse 

Given that the GML standard is able to describe both spatial and non-spatial concepts, it becomes an 

ideal solution for creating trajectories of moving objects (using LineStrings in its most basic form), and 

also to accompany such data with other non-spatial information, which are necessary for describing each 
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item. Furthermore, the fact that the GML standard is based on XML grammar for data formatting makes 

possible the conversion of GML data in any XML-based visualization format, such as Vector Markup 

Language - VML (Mathews, et al., 1998), KML etc. This process may be accomplished in either the 

server‟s domain or the client‟s one. In this way, an immediate visualization of results returned from 

HERMES is achieved, via third-party projection engines, as Microsoft Virtual Earth (Microsoft Virtual 

Earth, 2008), Google Maps (Google Maps, 2008), Google Earth (Google Earth, 2008) etc. 

1.3 Research objectives 

The main objective of this thesis is to explore how accompanying representation technologies, such as 

XML, GML and KML can be integrated into a unified wrapper, which will provide HERMES with this 

ability to operate in a more interoperable fashion, while exchanging data. Another goal is to study the use 

of GML-based queries meeting a predefined application schema. 

Based in the objectives above, the following research questions have to be defined: 

 How is GML data structured? 

 How can GML data be visualized? 

 How can XSLT be used to transform GML data into KML? 

 How is GML data converted into KML format? 

 How all the already mentioned technologies can be implemented in the nature of an interfering 

mechanism between a spatio-temporal DBMS as HERMES and an end user? 

 How this mechanism can be deployed in a client-server environment, such as the Internet? 

1.4 Methodology 

This thesis starts with a brief overview about the evolution of spatial databases and the accompanying 

temporal extensions of them. Thereafter, relevant literature on XML and XML-based technologies such 

as GML, KML and XSLT are reviewed. Finally, the design and implementation of a mechanism, in the 

nature of a web application, capable to act as a wrapper between these two worlds is studied. As a proof 

of evidence, a case study with real life spatio-temporal data are their capabilities to be represented in 

different formats is accomplished. 

Chapter 1 of this thesis describes the research background and motivation, problem definition, 

research objective and issues, methodology and the thesis outline. In Chapter 2 we review MOD 

concepts, their evolution and describe HERMES-MDC extension. Chapter 3 is mainly focused on XML 

and related technologies. Geographic data representation in GML is described in Chapter 4. The 5
th
 

chapter provides information on what KML is and how it can be used to visualize GML data. Chapter 6 

examines what XSLT is and how to use it in transforming XML-based data (GML) to another 

visualization XML-based format (KML). Chapter 7‟s goal is to provide information about a prototype‟s 

design and implementation for transforming raw data into GML and then visualize them, using KML 

transformations and projection engines. The material in Chapter 8 builds upon the overall system‟s 

understanding by covering the prototype‟s querying methods and transformation results based upon a real 

life dataset. Finally, in Chapter 9 this thesis conclusions and possible future work are presented. 
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2 Moving Object Databases 

2.1 Introduction 

This chapter examines various moving object databases concepts. Conceptual definitions and evolution 

information on spatial and spatio-temporal databases are provided. Finally, a brief description of 

HERMES-MDC concludes the chapter. 

2.2 Mobility scenarios 

Any physical object‟s existence brings naturally and automatically with it that, at any point in time, it is 

located somewhere. In the dynamic world in which we live, space is a property that varies over time. 

Space and time have become such indispensable elements of human beings‟ daily life, that we almost 

never think about them, and sense them while having difficulty in describing them. 

In a rapidly evolving world, mobility is an important factor of people‟s life. The Internet, wireless 

networks, positioning technology as well as personal devices such as PDAs and cell phones and their 

related services are being advanced and improved day by day. Over the past few years, rapid advances in 

miniaturization and personalization of electronic devices have taken place, which consequently have 

resulted in major price reductions. Performance improvement of general computing technologies on the 

other hand has made it possible to introduce services that previously were even impossible to think of. 

The ultimate goal of all these advances is to satisfy the consumers‟ rising expectations. This can be 

achieved if information can be timely provided in the right place. In the coming years, delivering 

appropriate timely (personalized) services based on the position of mobile consumers will become 

increasingly important. Provision of such information will benefit the consumers in various ways, for 

instance, in better awareness of their surroundings, in identifying potential problems and bottlenecks, 

which in turn helps them to more efficiently and accurately plan to tackle them, in better management of 

available resources and planning for possibly sharing them for efficiency reasons. 

Despite some success in fulfilling consumers‟ requirements, there is still a long way to go and new 

serious challenges are ahead. One of these challenges is the lack of database support at present. This 

stems from the fact that existing databases, which are one of the key elements in making more practical 

and accurate information available, are at their best good in handling static situations, while the concept 

of mobility brings up a new set of requirements, dealing with dynamic situations. 

The central issue in any mobility scenario is the object whose position continuously changes, i.e., the 

moving object. Although the concept of moving object is rather new in the area of spatio-temporal 

databases, the variety of applications that may benefit from it is enormous. Urban traffic, especially 

commuter traffic, and rush hour analysis; fleet management and car theft protection; monitoring animal 

migration; analysis of shopping behavior (in a mall or city center); patient tracking in a hospital; location-

based services, such as tourist information, localized advertising, emergency services; these are just a few 

examples to mention. The potential is simply enormous. 

2.3 Capabilities of spatio-temporal databases 

In a world facing information explosion, positioning technology is rapidly making its way into the 

consumer market, not only through the already ubiquitous cell phone but soon also through small, on-

board devices in many means of transport and in types of portable equipment. It is thus to be expected 

that all these devices will start to generate an unprecedented data stream of time-stamped positions for the 

agents that carry them. This development does not depend on GPS technology alone: in-house tracking 

technology applies various techniques for up-to-date positional awareness, and adaptable antenna arrays 

can do accurate positioning on information obtained from calls by cell phones (Cooper, 2003). 

Thanks to these advances in positioning technology, which makes data about moving objects easily 

available, soon these objects have become one of the focuses of the spatio-temporal database community. 

However, in spite of its simple looks, the moving object concept has become a practical challenge in 

applications dealing with mobility, Internet technology, and Geographical Information Systems (GIS). 
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Databases have not very well accommodated moving object data in the past, as their design paradigm 

was always one of snapshot representation. Their present support for spatial time series is at best 

rudimentary. Consequently, database support for moving object representation and computing has 

become an active research domain; see for instance (Abdelguerfi, et al., 2002), (Zhu, et al., 2002), 

(Guting, et al., 2000), (Saltenis, et al., 2000) and (Agarwal, et al., 2002). 

Database management systems (DBMSs) have a potential foundation for moving object applications; 

however, they are currently not used for this purpose and at the moment the aforementioned moving 

object application domains lack database support. The reason is that moving object databases require a set 

of critical functionalities to be integrated, and built on top of existing DBMSs (Wolfson, et al., 1999). 

What is needed in current real-world spatio-temporal applications is a small, robust, and highly 

expressive set of predicates, suitable for implementation based on off-the-shelf DBMS technology. The 

query processing schemes for the predicates and the accompanying indexing schemes should be 

supported by the implementation (Vazirgiannis, et al., 2001). Over the years, various issues were 

identified as a set of capabilities that should be provided by a DBMS to effectively and efficiently support 

mobility and moving objects. Despite their individual nature, these required capabilities are somehow 

related and any improvement or problem in one will affect the rest. 

Following is an enumeration of important challenges that current DBMSs are facing, concerning 

moving objects: 

1. Data modeling and representation 

Data modeling aims at defining the data types, operations, and relations between them (Guting, 

1994) to support application design. In other words, data modeling is the common name for the 

design effort of structuring a database. 

This process involves the identification of the kinds of data that will be stored in the 

database, as well as the relationship among these data types (ITC Educational Textbook Series, 

2001). The requirements of moving object modeling are not fully covered by current data 

models. We illustrate this below. 

Regarding data modeling, an important question is how to represent a moving object. The 

efficiency of indexing and query processing methods is highly affected by the chosen method to 

represent the continuous nature of the moving object. Since computer systems cannot easily 

represent continuous phenomena, such phenomena must be approximated using finite structures. 

The approximation methods should faithfully represent the object movement and provide a 

basis for further analysis, especially because an inappropriate technique will increase the 

uncertainty. The data model has direct effects on storage space, performance, and access time. 

The data model defined for modeling continuously changing locations should be simple, though 

expressive, and be easy to implement. The more expressive a model is, the closer to the real 

world the application will be, and the more semantics will be captured. However, the more 

expressive a data model, the more complex it may be (Tryfona, et al., 1997). Furthermore, since 

the moving object field of research is young, there is room for new concepts and techniques. 

Therefore, the data model should allow for possible extensions. On the other hand, the possibility 

of designing new data models based on already existing ones should be investigated. 

In addition, the moving object concept brings a new dimension to the definition of operations 

defined in traditional data models. For instance, the traditional definition of distance between 

two objects often concerns the Euclidean distance. However, distance in moving object scenario 

is a time dependent function, rather than a constant value. On the other hand, for network-

constrained moving objects the use of plain Euclidean distance is not advisable, since the 

underlying network poses extra conditions on maneuverability of objects. This means that either 

existing operations should be revised and adapted to accommodate the moving object concept or 

new operations should be defined. In addition to the basic spatial and temporal data types and 

operations, which are supported by traditional data models, extra spatio-temporal data types and 

operations are needed. However, the question is what these extra data types and operations are, 

to fully support moving objects. This is an important issue since more powerful data models are 

the ones with more complete and expressive data types and operators and have the better strategy 

to reach the closure under the defined operations set. Furthermore, there is the issue of 

integrating such data types and operators with the DBMS. Data types can be integrated with the 

DBMS in three different ways, which from tightest to loosest are as follows: integration of data 
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types into the DBMS kernel, using a database extension, and implementing data types as a layer 

on top of DBMS. The choice of integration method is a crucial one. 

2. Query processing 

Most existing query languages are non-temporal and limited to accessing a single database state 

(Deng, et al., 2002). Traditional query languages such as SQL were not designed for querying 

time-varying spatial aspects. Processing moving object data requires new sets of spatial, 

temporal, and spatio-temporal operators to be used in query processing. These new operators 

should be applicable for any kind of object, i.e., those with free movements as well as movement 

constrained objects. Movement of an object is either constrained by other objects or by the 

medium via which it is travelling. The question is how to design a query system on top of an 

existing query system to deal with the dynamic aspects of moving object data. Furthermore, 

moving object applications often have to use different databases to answer queries. This means 

that the query processing technique should account for delay, overhead, and inaccuracy 

(Wolfson, 2002). 

On the other hand, the mobility of objects leads to the invalidity of query answers, simply 

because some or all of the spatial and temporal criteria that were true at the time of posing the 

query will be violated very frequently. Therefore, the posed query should be reprocessed every 

now and then. Therefore, the question of when and how often the query should be re-evaluated 

arises. 

3. Indexing 

Moving object databases often have huge amounts of data. Therefore, examining the location of 

each moving object in the database to answer queries results in high performance overhead. 

Thus, the location attribute should be indexed. However, straightforward use of spatial indexing 

is not feasible due to the fact that continuous change of the locations implies that the spatial 

index has to be continuously updated (Wolfson, et al., 1998). Constant updating of the indices is 

not feasible if not impossible due to huge computing resources required (Jensen, et al., 2001). 

Therefore, spatio-temporal indexing techniques are required. Previous work on indexing 

spatio-temporal data concerns either past or present and future data. However, most of these 

approaches deal with spatial data changing discretely over time (Pfoser, et al., 2003). Therefore, 

an important question is how to index the continuously changing moving object data with 

sufficed performance and acceptable cost. 

4. Uncertainty handling 

The locations of moving objects are inherently imprecise (Pfoser, et al., 1999). This inherent 

uncertainty has various complications for database modeling, querying and indexing. The more 

accurate the record of moving objects, the better query results. However, this in turn may result 

in poor query performance. Therefore, a moving object data model must properly represent 

moving objects with reasonable degree of precision, which does not harm query performance 

(Jensen, 2002). On the other hand, moving object applications may need query-imprecision 

support, due to imprecision associated with other notions, (e.g., traffic jam) used in the query 

definition (Wolfson, 2002). One of the main research questions in this direction is how to build 

up new modeling and spatio-temporal capabilities needed for moving objects to handle the 

inherently imprecise data and their related query analysis, considering the fact that lowering 

uncertainty is costly. 

5. Data mining and prediction 

One important database challenge is to find valuable information hiding in large amounts of data, 

such as moving object data. Moving objects often have repeated patterns of movement, which 

can be used for planning and management purposes. The objects‟ movement can have 

periodically repeated patterns, e.g., animal migration patterns, commuters, shopping patterns, or 

sudden patterns. Identifying both these patterns is the key for successful planning in the objects‟ 

environment. On the other hand, this identification can be used for classification of objects and 

consequently, providing appropriate services to objects, which share some profiles. However, 

due to the multidimensional nature of moving object data and dependency of its data to other 

objects as well as the underlying network conditions, if applicable, current data mining methods 

used in databases are not suitable for moving objects (Jensen, 2002). 

6. Keeping information up-to-date 
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It is often assumed in existing databases that data does not change unless it is explicitly modified 

(Wolfson, et al., 1998). However, in mobility scenarios the moving object‟s location 

continuously changes even if the database is not directly updated. Due to continuously changing 

nature of moving object data, keeping such data up-to-date is a must. Continuous update of the 

database is impractical since the location is updated very frequently. On the other hand, the 

answer of queries may be outdated if data is not properly updated. Furthermore, assuming that 

the moving objects themselves are responsible for transmitting location-oriented data updates via 

wireless networks, frequent updating would also impose a serious bandwidth overhead (Wolfson, 

et al., 1999). In addition, strategies are needed to handle possibility that a moving object 

becomes disconnected and cannot send updates, which results in incomplete and inaccurate data 

set. This will bring the attention to an important issue of how to deal with the trade-off between 

the updating overhead and incomplete and inaccurate data set. One also should pay attention to 

the fact that too few updates leads to information loss and too frequent updates gives rise to 

storage and transmission issues. In short, due to continuously changing nature of moving object 

data, keeping such data up-to-date is a must. 

7. Efficient storage mechanism 

Moving object applications have many objects to monitor, the monitoring process may be 

continuous, and the respective data acquisition rates may be high. Thus, an efficient storage 

mechanism is required. On the other hand, since not all the acquired data may be necessarily 

informative, to avoid wasting storage space, some compression mechanisms should be utilized. 

8. Visualization 

Graphical visualization is a strong power in moving object applications. However, considering 

the continuous change of the object data, there is a great concern on how query answer can be 

visualized. Another question is what dimension to use for the visualization purpose. Considering 

a 3D environment increases the moving object challenges in all aspects. Working in a 3D 

environment is not only 3D visualization. Obviously it needs spatio-temporal analysis of the 3D 

data types, which are not supported in the existing DBMSs. On the other hand, mobile 

consumers want to see their graphic display updated all the time, with local information. 

2.4 Evolution of spatio-temporal models 

For quite some time, members of the database community considered spatial databases and temporal 

databases to be new trends. Many database scientists identified and solved related problems. Spatial 

database research focused on modeling, querying, and integrating geometric and topological information 

in databases. Temporal database research concentrated on modeling, querying, and recording the 

evolution of facts under different notions of time and, thus, on extending the knowledge stored in 

databases about the current and past states of the real world (Erwig, et al., 1997). Despite the many great 

results achieved, the satisfaction of database community did not last long. It soon realized that in reality, 

space and time are rarely, if at all, independent. Soon, new efforts were directed towards integrating both 

concepts in one database. Both the spatial database community and the temporal database community 

individually tried to extend their databases to support the missing concept. Integration of space and time 

means dealing with time-varying geometries, which soon became the main focus of a new branch of 

database, i.e., the spatio-temporal database. Looking at history of spatio-temporal data models reveals 

how this branch of databases has evolved (Pelekis, et al., 2004). 

By December 1997, the first attempt to integrate space and time into a relational database was 

reported by Tryfona & Hadzilacos. The modeling requirements of spatio-temporal applications at the 

logical level of design were discussed and the essential elements of a spatio-temporal application and the 

interconnections among them were represented. After identifying key features required for handling 

spatio-temporal phenomena that are currently lacking in relational data models, they proposed an 

extension of the relational data model, called the Spatio-Temporal Relational Model (STRM), providing a 

small set of representation constructs (Tryfona, et al., 1997). 

In 1999, Wolfson and his colleagues identified a set of functions that are needed to handle moving 

objects and consequently they proposed a data model to support such capabilities. In their proposed 

prototype, called DOMINO, they aimed at integrating these required functionalities in a layer on top of 

existing DBMSs. They introduced a system architecture that consists of three levels. The first level is an 

object-relational DBMS, which stores moving object data in a form of a sequence of time-stamped 
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positions. The second level is a GIS that is responsible for storing, querying, and manipulating spatial 

objects. The third layer, DOMINO, contains temporal predicates and offers support for inherent 

uncertainty of moving object data (Wolfson, et al., 1999). A comprehensive approach to integrate these 

supports in a commercial DBMS was also proposed (Wolfson, et al., 1998). Later, the data model was 

modified to also support uncertainty of moving object data and deviation between a moving object‟s 

actual location and its location as stored in the database. In the new data model, which assumed 

constrained movements on predefined networks, point objects were either mobile or stationary. If the 

object is stationary, its location attribute is an (x, y) coordinate pair. However, if the object is mobile, its 

location attribute has six sub-attributes, namely, the pointer to a line object representing the network 

segment on which an object is moving, location and time at which the object started its movement, the 

direction in which the object travelled, the (presumed constant) speed at which the object travelled, and, 

finally, an uncertainty measure, which could have been either constant or a function of time, representing 

the threshold of the location deviation. Another contribution of this work was a probabilistic model and 

an algorithm for query processing. In this model the location of a moving object is a random variable. The 

density function of this variable is determined using object location at any point in time and uncertainty 

derived from the database (Wolfson, et al., 1999). 

Pelekis et. al. in 2002 presented an integrated and comprehensive design of spatio-temporal data types 

in the form of an Oracle Data Cartridge (Oracle Corp., 2003). HERMES Moving Data Cartridge 

(HERMES-MDC) (Pelekis, et al., 2006) and (Oracle Corp., 2003), integrates  two  other  data  cartridges,  

namely  the  TAU  temporal data  cartridge and Oracle‟s  spatial data  cartridge.  It  introduces  time-

varying geometries  that change  their  position  and/or  extent  in  space  and  time  dimension,  either  

discretely  or  continuously. HERMES-MDC extends  PL/SQL,  the  data  definition  and  manipulation  

language  of  Oracle10g,  with spatio-temporal  semantics. The current thesis is based on HERMES-MDC 

and makes extensible use of it. 

2.5 Spatial change in Moving Object Databases 

We have seen that many developments in spatio-temporal data models are aimed at supporting the 

representation of spatial change over time. Two types of spatial change may be distinguished, namely 

discrete change and continuous change. Cadastral applications are well-known examples of the former, in 

which discrete changes are relatively easy to keep track of in a database. This can be achieved by 

frequently updating the database and recording history (Guting, et al., 2000). However, with continuous 

change, it is not feasible to constantly update the database for each such change. 

The essence of spatio-temporal data models is to accommodate continuous change over time. 

Although this phrase almost immediately brings the terms moving object and movement to mind, it was 

only last years that researchers came up with formal definitions of both terms in context of spatial data 

handling. 

A moving object is an object whose position and/or extent changes over time (Erwig, et al., 1999). 

The focus of this work is on moving point objects. Therefore, from now on whenever it is referred to a 

moving object, a moving point object is considered, unless it is mentioned otherwise. Any change in 

location will be viewed as movement. Simply speaking, movement is a mapping of time into space, 

indicating location at different points in time. The sequence of time-stamped locations visited by a 

moving object, form that object‟s trajectory. A trajectory is an ordered historic trace of locations of a 

moving object that can be depicted (simplified) as a line, however, the temporal characteristics are 

important semantic parameter in definition of trajectory. In fact, a trajectory represents the path taken by 

an object together with the time instants at which the object was at every position along the path 

(Vazirgiannis, et al., 2001). 

In contrast to static objects, moving objects are difficult to represent in a database. Currently, 

applications dealing with moving objects are being developed in an ad hoc fashion. Despite of all the 

work on databases, situations in which the whereabouts of objects are constantly monitored and stored for 

future analysis are an important class of problems that present-day database users will find hard to tackle 

satisfactorily with their systems. The reason is that special functions needed by such applications are 

currently lacking. Therefore, there is an essential set of functions that has to be integrated, and built on 

top of existing DBMSs to support moving objects (Wolfson, et al., 1999). Such functions constitute a 

wide domain ranging from data models, data structure and operations, indexing methods, query 

processing techniques, and visualization methods that can handle continuous change in moving objects 
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and their large amounts of data. Applications dealing with time-varying data can be classified in one of 

the following categories (Tryfona, et al., 1997), based on the type of change they accommodate: 

 Applications that are concerned with changes of non-spatial characteristics of objects, e.g., land 

parcels in a cadastral information system, 

 Applications in which the position of objects continuously changes, e.g., cars moving in a road 

network and 

 Applications with objects that integrate changes in the above case as well as changes in their 

extent. This case mostly happens in environmental applications, e.g., monitoring water pollution 

caused by oil spills. 

While the first category deals with rather discrete phenomena, the other categories handle continuous 

change. Since our focus is on continuous change of object positions, here a fundamental issue arises, 

namely the medium via which the objects are thought to travel. That medium may or may not impose 

restrictions on movement. This results in at least three scenarios of object movement: 

 Free movement in 2D or 3D space, e.g., animal migration,  

 Restricted movement in 2D or 3D space, e.g., ships along coastlines and 

 Restricted movement on 2D or 3D networks, e.g., car movements. 

Obviously, there are scenarios, in which movements occur in combination, for instance, movements in 

shopping malls. Although these can be seen on the one hand as free movements, since people can freely 

move in space in any desired direction and any manner, on the other hand their movements are still 

restricted to the corridors and spaces between shelves. Another important observation is that situations in 

which objects are stationary are special cases of movement and should not be ignored. Stationary 

situations may occur due to physical obstacles (accidents, traffic), permanent constraints on the 

movement (stops at traffic lights), or personal decisions (waiting for someone in a parked car). 

2.6 Trajectory Representation 

All points, which are traversed by a moving object, make up the trajectory of that object. 

From users‟ viewpoint, the concept of trajectory is rooted in the evolving position of some object 

moving in some space during a given time interval. Thus, trajectory is by definition a spatio-temporal 

concept. But while moving may be seen as a characteristic of some objects that differentiates them from 

non-moving objects (i.e. buildings, roads etc.), the concept of moving object implies that its movement is 

intended to fulfill a meaningful goal that requires moving from one place to another. Moving for 

achieving a goal takes a finite amount of time (and covers some distance in space); therefore trajectories 

are inherently defined by a time interval. This time interval is delimited by the instant when the object 

starts a movement (called begin) and the instant when the movement terminates (end). Identifying begin 

and end within the whole time-frame where the object is moving is an application decision, i.e. a user-

driven specification. So, we can express the following definition, which formally defines a moving point 

trajectory in a database perspective. 

A trajectory is the user defined record of the evolution of the position (perceived as a point) of an object 

that is moving in space during a given time interval in order to achieve a given goal. (Damiani, et al., 

2007). 

trajectory : [begin, end] → space 

The definition above settles trajectories as semantic objects. The time space function is defined by the 

user and is not necessarily the one provided by the data acquisition mechanism. The latter is the raw data, 

whose form usually is as a sequence of (sample point/time) pairs (Figure 2-1). Raw data often needs to 

undergo a cleaning process to correct errors and approximations in data acquisition. In addition, the 

application may be interested in only a subset of the cleaned sample points, e.g. skipping points acquired 

during the night to only retain daylight movement or replacing a sequence of irrelevant (from the 

application perspective) points with a single representative point (e.g. for representing stops as a single 

point). 

The original sense of the term trajectory denotes the changing position of an object in geographical 

space, be it a 3D space (e.g. the trajectory of a plane) or a 2D space (e.g. the trajectory of a rolling ball in 

a bowling game). We say a trajectory is spatio-temporal if spatial coordinates are used to express the 

position of the traveling object. Most frequently, the moving object is geometrically represented as a point 
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(e.g., a person, an animal, a car, a truck, a plane, a ship, a train). Yet the moving object may have a 

surface or volume geometry (e.g. clouds, floods, air pollutions, oil spills, avalanches), in which case both 

change in position and change in shape may concur to define the trajectory. In the current thesis we only 

consider modeling spatio-temporal trajectories generated by objects represented as points. 

t

x

y

 
Figure 2-1: Spatio-temporal path for ongoing moving objects as a set of points 

A trajectory has two facets: 

 The geometric facet: This is the spatio-temporal recording of the position of the moving point. It 

is a delimited segment (i.e., a single continuous subset) of the spatio-temporal path covered by 

the object‟s position during the whole lifespan of the object. From the conceptual modeling 

perspective, we can basically rely on the definition given above and represent the geometric facet 

as a continuous function from a given time interval into a geographical space (the range of the 

function): trajectory: [begin, end] → space. 

However, the modeling structure should also include the sample points (and the interpolation 

functions) that are used to discretely capture the trajectory function. The geometric facet could 

be modeled using the moving point data type. 

 The semantic facet: This is the information that conveys the application-oriented meaning of the 

trajectory and its related characteristics. 

2.7 Spatial Database Management Systems 

In  various  fields,  there  is  a  need  to  manage   data  related  to  space.  The  space  of  interest  can  be,  

for  example,  the  2-D  abstraction  of  (parts  of)  the  earth's  surface  (i.e.,  geographic  space,  the  most  

prominent  example).  Other  examples  are  a  man-made  space  (e.g.,  the  layout  of  a Very Large Scale 

Integration - VLSI  design),  a  volume  containing  a  model  of  the  human  brain,  or  another  3-D 

space  representing  the  arrangement  of  chains  of protein  molecules.  At  least  since the  advent of 

relational  database  systems,  there  have been  attempts  to manage  such data  in  database  systems.  

Characteristic  for  the  technology  emerging  to  address these  needs  is  the  capability to  deal with  

large  collections of  relatively  simple geometric objects,  for example, a  set of 100,000 polygons.  This 

is somewhat different from CAD databases (e.g., solid modeling) where geometric entities are composed 

hierarchically into complex structures, although the issues are certainly related (Hilton, 2007). A 

simplified architecture of current spatial databases is presented in Figure 2-2. 

Oracle Spatial is one of the most powerful spatial DBMSs on the market. Oracle series began to 

support spatial data in its option Oracle Spatial since Oracle 8i. Partially compliant with Simple Features 

Specification for SQL (Oracle Corp., 2003), Oracle Spatial supports several spatial types specified in 

SFS. Oracle Spatial is considered partially compliant with OGC specifications but not completely 

compliant because in Oracle Spatial there are no separate data types for point, linestring, polygon, etc., 

but there is uniform data type: SDO_GEOMETRY to represent all spatial data types. Beside spatial data 

types, a large number of spatial functions are available in Oracle Spatial as well. 

Unlike other spatial DBMSs in which different spatial types represent different geometries, there‟s 

only one spatial type: SDO_GEOMETRY. Before explaining the geometry types that can be represented 

with SDO_GEOMETRY, the Entity Relationship diagram in Figure 2-3 would be helpful to understand 

how SDO_GEOMETRY works. 
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Figure 2-2: Simplified architecture of spatial databases 

Oracle enables users to define new data types (user-defined data types) which are made up of several 

attributes. These attributes can be of basic data types such as numbers, varchar2, date, or other existing 

user-defined data types. SDO_GEOMETRY is created as a user-defined data type. Several kinds of 

geometries can be represented by setting attributes of SDO_GEOMETRY. 

Oracle Spatial support a large number of operators and functions for spatial data types. Spatial 

operators in Oracle Spatial provide optimum performance because they use the spatial index, which is an 

R-tree (Guttman, 1984) organizing MBRs (Minimum Bounding Rectangles) of geometry shapes, on 

spatial columns. Spatial operators must be used in the WHERE clause of a query. Spatial functions in 

Oracle Spatial differ from spatial operators in that they do not require that a spatial index be defined, and 

they do not use a spatial index if it is defined. These spatial functions can be used in the WHERE clause 

or in a sub-query. Both spatial operators and spatial functions are included in the Spatial PL/SQL 

Application Programming Interface (API). 

There are several spatial DBMSs on the market, such as Ingres, Informix, PostGIS, and Oracle 

Spatial. All of them have spatial data types and spatial functions, but the differences in their spatial 

functionalities are significant, which can be revealed from the following comparison. Oracle Spatial is 

also included in this comparison as a reference spatial DBMS: 

 Informix (IBM, 2008), PostGIS (PostGIS, 2008) and Oracle Spatial (Oracle Corp., 2008) support 

OGC specifications (OGC, 2008), whereas Ingres (Ingres, 2008) does not,  

 The spatial types can only be 2D in Ingres, but they can be 3D or 4D (with measure values) in 

other ones,  

 Supported spatial types are different. Oracle Spatial supports most of the data types specified in 

Simple Features Schema – SFS (OGC, 2008), and unknown geometry types can be stored; 

PostGIS supports the same spatial data types as Oracle Spatial, but unknown geometries cannot 

be stored; Informix does not have Multi-Geometry type, which is a collection of different basic 

geometry types; Ingres does not support anyMulti- types, likeMultiPoint, MultiPolygon, etc. and 

 Numbers of spatial functions are different. Oracle Spatial and PostGIS give more useful spatial 

functions than Informix and Ingres. 

2.8 Spatio-temporal Extensions 

The concept for spatial data managing is in many cases solved by current DBMSs via the corresponding 

off-the-shelf extensions. The same is not true as far as temporal, and more precisely spatio-temporal, data 

are concerned. 
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Figure 2-3: Entity-Relationship diagram for Oracle Spatial SDO_GEOMETRY (Kothuri, et al., 

2007) 

The approach can be integrated into an Oracle ORDBMS using database extender technology, which 

provides a mapping between the API of the index and query structure, and the underlying database tables 

and index structures. The need to provide RDBMS support for spatio-temporal data is a natural extension 

of the stance taken for purely spatial or purely temporal database support. 

2.8.1 HERMES-MDC 

In this direction, Pelekis et. al presented HERMES (Pelekis, et al., 2006). HERMES is developed as a 

system extension that provides spatio-temporal functionality to Oracle10g‟s ORDBMS. The system is 

designed in a way that it can be used either as a pure temporal or a pure spatial system, but its main 

functionality is to support the modeling and querying of continuously moving objects. Such a collection 

of data types and their corresponding operations are defined, developed and provided as an Oracle data 

cartridge. HERMES Moving Data Cartridge (HERMES-MDC) is the core component of the HERMES 

system architecture. HERMES-MDC provides the functionality to construct a set of moving, expanding 

and/or shrinking geometries, as well as time-varying base types. Each one of these moving objects is 

supplied with a set of methods that facilitate the cartridge user to query and analyze spatio-temporal data. 

Embedding this functionality offered by HERMES-MDC in Oracle‟s DML (Oracle Corp., 2008), one 

obtains an expressive and easy to use query language for moving objects.  

In order to implement such a framework in the form of a data cartridge they exploit a set of standard 

data types together with the static spatial data types offered by the Spatial option of Oracle10g (Oracle 

Corp., 2008) and the temporal literal types introduced in a temporal data cartridge, called TAU Temporal 

Literal Library Data Cartridge (TAU-TLL) (Pelekis, et al., 2006). Based on these temporal and spatial 

object data types HERMES-MDC defines a series of moving object data types. The overall HERMES 

architecture can be seen in Figure 2-4. 

A straightforward utilization scenario for a HERMES-MDC user is to design and construct a 

spatiotemporal object-relational database schema and build an application by transacting with this 

database. In this case, where the underlying ORDBMS is Oracle10g, in order to specify the database 

schema, the database designer writes scripts in the syntax of the Data Definition Language (DDL), which 

is the PL/SQL, extended with the spatiotemporal operations previously mentioned. 

To build an application on top of such a database for creating objects, querying data and manipulating 

information, the application developer writes a source program in Java/C# wherein she can embed 
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PL/SQL scripts that invoke object constructors and methods from HERMES-MDC. The JDBC pre-

processor integrates the power of the programming language with the database functionality offered by 

the extended PL/SQL and together with the ORDBMS Runtime Library generate the application‟s 

executable. By writing independent stored procedures that take advantage of HERMES functionality and 

by compiling them with the PL/SQL Compiler, is another way to build a spatio-temporal application 

(Pelekis, et al., 2006). 
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Figure 2-4: HERMES system architecture (Pelekis, et al., 2006) 

2.9 Conclusion 

Geographical data glut modern DBMSs every day. It seems, moreover, the importance they have placed 

in this field of supporting large vendors in their systems. Nevertheless, spatial, in conjunction with 

temporal data is not yet supported directly by current DBMSs. Thus, custom extensions are being 

developed, such as the HERMES-MDC. 
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3 The eXtensible Markup Language (XML) 

3.1 Introduction 

This chapter presents Extensible Markup Language (XML), its advantages and the basics behind it. It also 

describes the XML structure, and the relation with Document Type Definition, Schema and Document 

Object Model which are common in any XML application. 

3.2 Evolution of XML 

Structured content in general needs to be represented if it is to be used for machine-based processing. 

This means that there must be a formal and machine-readable way of representing document structures. 

Basically, a markup language is a text-based way of mixing structural information (the markup) and 

content, and the rules for how this is done are defined by every language, or by a framework which 

enables users to define their own structures. 

The most prominent languages for defining own structures are presented, which are the Standard 

Generalized Markup Language (SGML) and the Extensible Markup Language (XML). Even though these 

languages are the most popular ones, there are also some non-markup approaches to representing 

structured documents. 

The idea of structural markup (marking up content structures rather than layout information) was first 

presented by William W. Tunnicliffe at a conference in 1967. GML extended Tunnicliffe‟s general ideas 

with a well-defined nesting scheme of document structures, and the idea of document types, which define 

the allowed structures for a class of documents. 

Interestingly, what later became known and successful as GML was called Text Description Language 

first (as an internal name), and this still captures the essence of what markup languages are about: 

describing a text‟s contents on the structural level, making it possible to have different applications using 

these descriptions for application-specific purposes. 

Continuing the work on GML and joining forces with Tunnicliffe and Reid, the GML team moved on 

to develop the Standard Generalized Markup Language – SGML (International Organization for 

Standarization, 1986), which became the most important markup language and an important foundation 

for many document processing environments, because it was a standard rather than a product. This meant 

that using SGML, customers would not be bound to a specific software or vendor, and (at least 

theoretically) it would be possible for everybody to implement an SGML system by simply implementing 

the ISO standard.  

However, even though SGML has had some problems with complexity and interoperability, it was the 

single most successful format for structured documents, and big organizations started recognizing the 

importance to store their documents in a well-defined and reusable way. For example, the U.S. Army 

required contractors to submit their documentation in SGML, which made it reusable and independent 

from any specific software or vendor. 

When marking up document content, the question is what structural concepts do exist, and how can 

they be combined. For example, if there are sections which consist of headings and paragraphs or lists, 

would it also be allowed to use paragraphs within a list? These questions are addressed with SGML‟s 

concept of a Document Type Definition (DTD), a definition of a class of documents which adhere to a 

well-defined set of rules. Using this concept, first a DTD is designed, and then instances (i.e., actual 

documents) of this DTD can be created, which must adhere to the rules defined in the DTD. Seen this 

way, SGML is not a markup language in itself, but a mechanism to define vocabularies for marked up 

documents. This is shown in Figure 3-1, which also shows some of the more recent relatives of SGML. 

In the beginning of the 90s, markup languages became the driving force of the globalization of the 

Internet with the Hypertext Markup Language – HTML (Raggett, et al., 1999), the content language of 

the World Wide Web (WWW). In its first versions, HTML was more inspired by SGML than being based 

on it formally, but this was changed later and HTML became a document type of SGML, which in SGML 

terminology is called an SGML application. 
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HTML may not be perfect from the markup design point of view, but its simplicity makes it easy to 

create. HTML‟s balance of simplicity and expressive power obviously was a one of the major reasons of 

the Web‟s success, and even though many HTML creators today do not know anything about markup 

languages and their concepts, they use an SGML-based markup language, as shown in Figure 3-1. 

 
Figure 3-1: Markup language concepts 

Even though HTML is well-suited for marking up documents for Web publishing, it is much less 

suited for marking up documents for general-purpose document processing. HTML basically is a rather 

simple page description language for Web pages, and as such has many limitations, such as missing 

support for paginated media, better layout control in general, or more detailed text structures apart from 

the simple model of paragraphs and simple lists. In the 90s, the Web grew at an astonishing rate, and 

there was a clear demand from content providers to have a better way of representing their content than 

just HTML. In particular, the trend towards mobile computing made it clear that contents should be kept 

in a device-independent way, and HTML would only be one way of publishing content (other possible 

channels being formats for mobile devices, or formats for print-quality publication). 

XML supports the main concept of SGML, the Document Type Definition – DTD (Raggett, et al., 

1999) which enables users to define their own classes of documents. However, XML leaves out many of 

the features that were thought of as being of only limited use. In fact, even though XML is radically 

simplistic in comparison to SGML, from today‟s point of view probably some more features would 

probably be left out, and a cleaner processing model would be defined. 

However, even though XML may not have been the perfect markup language (in fact, it also is a 

generic markup language because it is a mechanism for defining vocabularies and not a markup language 

in itself), it has had a lot of success. Some of the reasons for this are political (it did not come from one of 

the major vendors and as such is free of any operating system or programming language legacy), and 

others are technical (the Internet needed a format for exchanging structured information). XML‟s success 

has been astonishing, and availability of a universally accepted format for exchanging structured 

information often vastly outweighs any minor concerns users might have with some details of the 

language. 

It is interesting to note that even though XML was designed and thought of as a document structuring 

language (in the same way as SGML was intended for documents), the majority of XML users today are 

using XML for exchanging data rather than documents. Data in this case is more general than documents, 

in the sense that documents are a certain type of data characterized by properties such as instance 

variability and semi-structured models, while data can be anything, but in practice often are just well-

defined structures such as tabular material for typical business-to-business applications exchanging 

business data such as orders and invoices. 

The last building block shown in Figure 3-1 is the Extensible Hypertext Markup Language (XHTML) 

(Pemberton, 2002), which has been first defined in 2000 and revised in 2002. Because HTML is based on 

SGML, and XML is supposed to be the foundation for all machine-readable data in the future, the W3C 
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decided to create a new version of HTML. This new version is XHTML, and it is important to understand 

that XHTML does not add new features to HTML; it simply defines XHTML as being based on XML, so 

that XHTML documents can be processed using normal XML tools. This way, XHTML fits nicely into 

the overall picture of structured documents being XML documents, rather than using the older SGML 

syntax of HTML, which is much harder to process. 

 Paragraphs without Emphasis: 

<phtml> 

    <p>This is the first paragraph.</p> 

    <p>This is the second paragraph.</p> 

</phtml> 

 Paragraphs with illegal Emphasis (not proper Markup): 

<phtml> 

    <p>This is the <em>first paragraph.</p> 

    <p>This is</em> the second paragraph.</p> 

</phtml> 

 Paragraphs with Tree-like Emphasis: 

<phtml> 

    <p>This is the <em>first paragraph.</em></p> 

    <p><em>This is</em> the second paragraph.</p> 

</phtml> 

3.3 The eXtensible Markup Language (XML) 

The XML 1.0 specification describes XML as a simple dialect (or subset) of SGML with the goal to 

enable generic SGML to be served, received, and processed on the Web in the way that is now possible 

with HTML. For this reason, XML has been designed for ease of implementation, and for interoperability 

with both SGML and HTML. 

XML is a markup language, designed to structure, store and send information over the Web. It 

provides no predefined tags, as in the case of HTML, but provides standards so that the user can define 

his own tags and document structure. Hence XML is free and extendible. Furthermore, as XML is in plain 

text format, it provides a software and hardware independent way of sharing data. It enables data to be 

accessed by all kind of reading machines or processors. 

Since XML documents are in plain text and structured (encoded) with user defined tags, it does not do 

anything without some kind of software. Therefore it has to follow some standards in encoding data to 

enable decoding by some other programs. For this XML adheres to the standards specified by the XML 

specification. At present, XML Specification 1.0 (Forth Edition) is the W3C‟s implementation 

recommendation. XML documents must follow standard rules including the syntax for marking up and 

the meaning behind the markup. What a valid markup is defined by a Document Type Definition (DTD) 

or alternatively by an XML Schema. 

3.3.1 XML document structure 

There are certain rules that have to be adopted while authoring XML documents and these can be 

summarized as follows: 

 XML documents need a declaration at the top to signal what they are; 

 Every XML document must have a root element (tag) that encloses the content; 

 Every start tag must have a closing tag; 

 Tags must nest cleanly; 

 Empty tags have a different form to make it clear that these are tags with no closing tags; 

 All attribute values must be in quotation marks; 

 Tags are case sensitive and must match. 
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The XML documents must be precise; those not complying with these rules cannot be processed by 

the XML parsers embedded in browsers or standalone processors. An XML document that conforms to 

these rules specified in XML specification, as determined by an XML parser is classified as well-formed. 

An XML Parser is a software program that creates the Document Object Model in the computer memory 

(Houldling, 2001). 

An XML document mainly consists of two parts; prolog and body. The prolog contains the 

declaration, and the body contains the actual marked up document. The content of both parts (whole 

document) is composed of declarations, elements, comments, character references, and processing 

instruction, all of which are indicated in the document by explicit markup (W3Schools, 2008). 

An example XML document is given below: 

<?xml version="1.0" encoding="utf-8" standalone="no" ?> 

<!DOCTYPE MScThesis SYSTEM "Document.dtd"> 

<!-- An XML Example --> 

<document> 

    <title>VisualHERMES:Extending HERMES Interoperability</title> 

    <pub_date>2008-05-20</pub_date> 

    <production id="80" media="paper"/> 

    <chapter> 

        Introduction to XML 

        <para>Introduction</para> 

        <para>Evolution of XML</para> 

        <para>The eXtensible Markup Language (XML)</para> 

    </chapter> 

    <chapter> 

        XML syntax 

        <para>Elements must have a closing tag</para> 

        <para>Elements must be properly nest</para> 

    </chapter> 

</document> 

3.3.2 Declarations 

The first line of an XML document is a declaration which notifies that the document has been marked up 

as an XML document. The XML declaration itself is a processing instruction and therefore it begins with 

<? and ends with ?>. The version attribute indicates the version of XML specification that the 

document complies with and the standalone attribute specifies whether the document has any markup 

declarations that are defined in a separate document. Thus, value yes implies no markup declarations in 

external documents and no leaves the issue open. The document may or may not access external 

documents. The encoding attribute denotes the character encoding system used in the document. The 

DOCTYPE declaration (second line in the example) declares the name, type and location of the related 

Document Type Definition (DTD). 

3.3.3 Elements 

Elements are the basic unit of XML content. An element consists of a start tag and end tag, and 

everything in between. Anything between a < sign and a > sign is a tag except that is inside a comment or 

a CDATA section. Relationships in XML elements are expressed in terms of parents and children. In the 

given example document is the root element. Title, pub_date, production, and chapter are 

child elements of document element and thus it is the parent element. Title, pub_date, 

production, and chapter are siblings (or sister elements) because they have the same parent. 
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Elements can have different content types such as elements that contains other elements like 

document element, mixed that contains both text and other elements as chapter element, simple that 

contains only text like para element in the example, or empty that contains no information like 

production element. In case of empty elements no closing tag appears. 

The name of an element cannot contain space and must not start with a number or punctuation 

character or with the word xml. XML elements can have attributes in name/value pairs which provide 

additional information about elements and the attribute values must always be enclosed in either single or 

double quotes. 

3.3.4 Comments 

The comments are the character data in an XML document that XML processor ignores. The comments 

follow the syntax of <!-- content -->. The content of the comment should not have - or -- 

characters that might confuse XML parser and also a comment should not be placed within a tag and 

cannot be nested. 

3.3.5 Character references 

Character data includes any legal character except < which is reserved for the start of a tag. XML 

provides a set of entity references that helps to avoid the ambiguity in specifying character data against 

markup. In XML, >, <, &, ” and ‟ characters can be substituted by &gt, &lt, &amp, &quot, and 

&apos respectively. CDATA blocks in XML provides a convenience measure to include large blocks of 

special character data. For example, a internal Cascading Style Sheet can be defined in CDATA block. 

]]> is not allowed within a CDATA block as it signals the end of a CDATA block. 

3.3.6 Processing instructions 

A processing instruction is a bit of information meant for the application using the XML document. That 

is, they are not really of interest to the XML parser. Instead, the instructions are passed intact, straight to 

the application using the parser. The application can then pass this on to another application or interpret 

itself. All processing instructions follow the generic format of <?name_of_application 

instruction_is_for Instructions?> and all processing instructions must be in lowercase. 

For example, xml declaration is a processing instruction, which name is xml. 

3.4 Document Type Definition (DTD) 

In XML the definition of a valid markup is handled by a Document Type Definition – DTD. It is a file (or 

several files to be used together) with dtd extension, written in XML‟s Declaration Syntax, which 

contains a formal description of a particular type of document. DTD sets out what names can be used for 

element types, where they may occur, and how they all fit together. For example the DTD of the above 

XML document is as follows: 

<!ELEMENT Document (Chapter+ | ANY)> 

<!ELEMENT Title (#PCDATA)> 

<!ELEMENT Pub_date (#PCDATA)> 

<!ELEMENT Production (EMPTY)> 

    <!ATTLIST Production 

        id NMTOKEN #REQUIRED 

        media CDATA #IMPLIED> 

<!ELEMENT Chapter (Para+ | #PCDATA)> 

<!ELEMENT Para (#PCDATA)> 

In DTDs all keywords must be in uppercase, such as ELEMENT, ATTLIST, #REQUIRED etc. 

However user defined elements and attributes can be in any case the user chooses, as long as they are 

consistent. A DTD can be either included as part of a well-formed XML document 
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(standalone=”yes”), or it can be referenced from an external source, (standalone=”no”). When 

external DTD is referenced, the SYSTEM attribute whose value indicates the location of DTD has to be 

added to the DOCTYPE declaration. Thus, in order to reference an external DTD, both xml and 

DOCTYPE declarations have to be changed. An XML document that conforms to the rules of a DTD is 

called a valid document. A valid document is necessarily well-formed. When XML document is parsed 

by a processor, the DTD is being firstly parsed and then read the document to identify where every 

element type comes and how each relates to each other. Using a DTD when editing documents preserve 

them consistent and valid (W3Schools, 2008). 

3.5 XML schema 

XML Schemas is a W3C Recommendation for defining the structure, content and semantics of XML 

documents. It is an alternative to DTD written in Schema Definition Language, which is an XML 

language for describing and constraining the content of XML documents. In general terms, an XML 

Schema describes how data is marked up and these files are given with xsd extension. XML Schema 

offers many advantages over DTD. One of the greatest advantages is the support for data types. Since 

DTDs are designed for use with text, they have no mechanism for defining the content of elements in 

terms of data types. Therefore a DTD cannot be used to specify numeric ranges or to define limitations or 

checks on the data content. The XML Schema provides a means of specifying element content in terms of 

data type, so that document type authors can provide criteria for validating the content of elements as well 

as the markup itself. Some other strengths of a Schema are; they are written in XML thus avoids the need 

for another processing software; supporting namespaces and extensibility to future additions (W3Schools, 

2008). 

XML Schema of the above example can be defined as below: 

<?xml version="1.0" encoding="utf-8" ?> 

 <xsd:schema 

  xmlns:xsd="http://www.w3.org/2001/XMLSchema" 

  targetNamespace="http://www.unipi.gr" 

  xmlns="http://www.unipi.gr" 

  elementFormDefault="qualified"> 

  <!-- An XML Schema Example --> 

  <xsd:element name="document" type="docType" /> 

  <xsd:complexType name="docType" mixed="true"> 

   <xsd:sequence> 

    <xsd:element name="title" type="xsd:string" /> 

    <xsd:element name="pub_date" type="xsd:date" /> 

    <xsd:emement name="production" type="productionType" /> 

    <xsd:complexType name="productionType"> 

     <xsd:complexContent> 

      <xsd:restriction base="xsd:integer"> 

       <xsd:attribute name="id" type="xsd:positiveInteger" /> 

       <xsd:minInclusive value="0" /> 

       <xsd:maxInclusive value="1000" /> 

      </xsd:restriction> 

     </xsd:complexContent> 

     <xsd:attribute name="media" type="xsd:string" /> 

    </xsd:complexType> 

    <xsd:element name="chapter" type="chapterType" /> 

    <xsd:complexType name="chapterType" /> 

     <xsd:sequence> 
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      <xsd:element name="para" type="xsd:string" /> 

     </xsd:sequence> 

    </xsd:complexType> 

   </xsd:sequence> 

  </xsd:complexType> 

 </xsd:schema> 

The schema element is the root element of every XML Schema where xsd is the namespace prefix. 

The fragment xmlns:xsd="http://www.w3.org/2001/XML Schema" indicates that the 

elements and data types used in the Schema come from the 

"http://www.w3.org/2001/XMLSchema" namespace. The targetNamespace attribute 

indicates that the elements defined by this schema are from "http://www.unipi.gr" namespace 

and xmlns attribute gives the default namespace. The elementFromDefault= "qualified" 

fragment indicates that any element used by the XML instance document which will declare in this 

schema must be namespace qualified. All namespaces used in the schema must be declared in prolog and 

all elements and data types must be defined in the body. An XML Schema document consists of four 

basic constructs: declaration of elements, definition of types (simpleTypes and complexTypes), the 

possibility to define sub-types by extending or restricting super-types, and use of aliases 

(substitutionGroup mechanism). 

3.5.1 Simple type 

An XML element that contains only text (data in any type) is a simple type element. It cannot contain any 

other elements or attributes. But it can have a default value or fixed value set. Simple element is defined 

by <xsd:element name="name_of_element" type="data_type" 

default="default_value" (or fixed="fixed_value") />. 

 Common data types in XML Schema are string, decimal, integer, boolean, date and time. 

The type of a simple element is defined by <xsd:simpleType>. 

3.5.2 Attributes 

In Schema an attribute is always declared as a simple type and an element with attributes always has a 

complex type definition. An attribute is defined by, <xsd:attribute name="attribute_name" 

type="data_type"/>. Attributes also can have a default or a fixed value specified. Even 

though all attributes are optional by default, with use attribute it can be explicitly specify whether it is 

optional or required. 

3.5.3 Restrictions and extensions 

Defining a type for XML element or attribute imposes a restriction for the element or attribute content. 

With XML Schemas, it is able to add own user restrictions to user XML elements and attributes. In the 

example restriction has imposed on id attribute. The id can have only integer values between 0 and 

1000 (including that numbers). Likewise to limit the content of an XML element to a set of accepted 

values, the enumeration constraint can be used. All restrictions that can be applied to data types are 

given in XML Schema Specification. Moreover types can be defined by extending existing types. 

3.5.4 Complex type 

An XML element that contains elements, mixed content, empty content or attributes is considered to be a 

complex type element. For example, document element is a complex one. Its type has been defined as 

docType separately. The child elements of document element are surrounded by the 

<xsd:sequence> indicator. Defining complex types separately offers more flexibility, because these 

types can be used by other elements too. 
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3.6 XML namespaces 

Since XML uses no fixed element names, the same element name could be used in different documents to 

describe different types of elements. If such XML documents are added together, there would be an 

element name conflict. XML namespaces is a method to avoid these element name conflicts. It solves the 

name conflicts using a prefix and the namespace attribute (xmlns) alone with element name. The 

namespace attribute is placed in the start tag of an element and all child elements with the same prefix are 

associated with the same namespace. The W3C Namespace specification states that the namespace itself 

should be a Uniform Resource Identifier (URI) which is a string of character that identifies an Internet 

Resource. The most common URI is the Uniform Resource Locator (URL) which defines an Internet 

domain address. 

3.7 Document Object Model (DOM) 

XML standards include specifications of how an XML document should be parsed and represented within 

any computer irrespective of type or operating system. This internal representation (tree representation) of 

an XML document, which is generated within a computer by an XML parser, is called the Document 

Object Model – DOM (Le Hegaret, et al., 2004). DOM allows a single document to be accessed in the 

same way by different applications running on different computer platforms through XML tag references. 

In a software context, the DOM is a programming API (Application programming Interface) for an XML 

document, which defines the logical structure of documents, and the way a document is accessed and 

manipulated. It details the characteristic properties of each element of a document, thereby detailing how 

these components can be manipulated and, in turn, manipulating the whole document. Therefore with the 

DOM, programmers can create and build documents, navigate their structure, and add, modify, or delete 

elements and content. As a W3C specification, one important objective for the DOM is to provide a 

standard programming interface that can be used in a wide variety of environments and applications. The 

DOM can be used with any programming language and provides precise, language-independent 

interfaces. 

3.8 Unicode system 

In HTML, a document is in one particular language, whether English, Japanese or Arabic. Applications 

that cannot read the characters of that language cannot do anything with the document. But XML uses the 

Unicode standard, which is a character encoding system that supports intermingling of text in the world‟s 

major languages. Because of that, applications that read XML can properly deal with any combination of 

these character sets. Thus XML will enable exchange of information in different languages. The character 

set used in the XML document encoding is specified in xml declaration with encoding attribute. Since 

XML is fully internationalized for both European and Asian languages, with all conforming processors 

required to support the Unicode character sets in UTF-8, UTF-16 and ISO-8859-1. 

3.9 Viewing XML documents 

Since XML documents are text based, they can be viewed in any text editor. But they will not view any 

hierarchical structure of the document elements. The browsers like Internet Explorer 5.0 (and higher), 

Netscape 6 or any other XML editors like XMLSpy can be used to view XML documents. Any error in 

an XML document will be reported by those browsers or editors. As mentioned above, since XML 

elements are user defined the browser has no idea how to display the content other than just viewing 

whole document as it is. Therefore XML documents are associated with stylesheets which provides GUI 

(Graphic User Interface) instruction for a processing application like a web browser. There are different 

ways to visualize the content of an XML document using these stylesheets and they are presented in 

Figure 3-2. In addition, JavaScript (or VBScript) can be used to import data from an XML document and 

display them inside an HTML page. The use of eXtensible Stylesheet Language family – XSL (Adler, et 

al., 2001) in XML data visualization will be discussed in the next chapters. 
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Figure 3-2: Options for displaying XML documents 

3.10 Stylesheets 

The stylesheets are the documents that provide information on data presentation. The international 

standard for stylesheet for SGML document is DSSL, the Document Style and Semantic Specification 

Language. This provides Schema-like languages for stylesheets and document conversion, and is 

implemented in the Jade formatter. Cascading Stylesheet provides a simple syntax for assigning styles to 

elements, and has been partly implemented in some HTML browsers. Extensible Stylesheet Language has 

been created for use specifically with XML. It uses XML syntax but combines formatting features from 

both DSSL and CSS. The stylesheet of an XML document should be declared in the prolog section of the 

XML document in the format of <?xml:stylesheet href="location_of_stylesheet" 

type="text/xsl"?> in case of CSS the type=”text/css”. 

The separation of style from the content allows for the same data to be presented in different ways and 

it enables: 

 Reuse of fragments of data: the same content should look different in different contexts. 

 Multiple output formats: different media (paper, online), different sizes (manuals, reports), 

different classes of output devices (workstations, hand held devices) 

 Styles tailored to the reader‟s preferences (e.g. accessibility): print size, color, simplified layout 

for audio readers. 

 Standardized styles: corporate stylesheets can be applied to the content at any time. 

 Freedom from style issues for content authors: technical writers need not be concerned with 

layout issues because the correct style can be applied later. 

A stylesheet specifies the presentation of XML content using two basic categories of techniques. One 

is an optional transformation of the input document into another structure and the other is a description of 

how to present the transformed information. 

3.11 XML based markup languages 

Due to the flexibility and robustness of XML technology, a number of markup languages have been 

developed according to the XML standards and some of them are: Chemical Markup Language – CML 

(Murray-Rust, et al., 1995), a markup language to managing molecular information; Wireless Markup 

Language – WML (Engelschall, et al., 2001), used to markup Internet applications for handheld devices 

like mobile phones; MathML (Carlisle, et al., 2003), an XML application for describing mathematical 

notation and capturing both its structure and content; XSL, a language for expressing stylesheets; GML, 

for transport and storage of geographic information; and KML to project this geographic information 

using Google‟s Maps/Earth API. 

3.12 Conclusion 

XML is a simplification of SGML. It enables easy implementation, and interoperability with both SGML 

and HTML. Any valid XML document must have a DTD or Schema that describes the structure. XML 

separates data content from presentation information. Stylesheets provide presentation information for 

XML documents and XML elements can be manipulated through the DOM. There are number of markup 

languages developed in different domains based on XML standards. 
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4 The Geography Markup Language (GML) 

4.1 Introduction 

This chapter is focused on Geographic Markup Language, and discusses the use of GML and how it can 

be used to model geographic data. It also describes the possibilities of visualizing GML data. Through 

that it explains the structure of GML data and how to visualize them. 

4.2 Background and evolution of GML 

Geographic Information Systems have proved to be an efficient tool for decision making for various 

organizations dealing with geographic data. However, implementation of such a system is difficult and 

relatively costly. High production cost and importance of geographic data in mapping has increased the 

need of data sharing. Furthermore, geographic information is not confined to a specific system or an 

application domain. It resides in heterogeneous environments in various application domains and systems. 

When geographic data is shared between organizations dealing with different applications, there might be 

a heterogeneity problem if the organizations use different GIS platforms, hence, producing different 

digital formats of the data. Even if they have identical GIS platforms, and hence use the same database 

paradigm, e.g., relational, they might have different conceptual database schema, different data collection 

schemes, or different quality parameters (Bishr, 1997). In this scenario, information cannot be shared or 

transferred readily. We need to have file conversions and in the latter case, there should be a perfect 

mapping between the corresponding database schemas. 

In the geographic domain, besides information sharing, there is a need of information integration. 

Geographic data describes the geographic features and phenomena on the Earth, and events on the Earth 

do not take place in isolation. For example, if an earthquake takes place, many objects like trees, roads, 

buildings, agricultural fields, and water bodies might become affected. To perform earthquake analysis, 

we need to have an integrated data set, which describes all the features affected. 

Today, the Internet is the main platform for data sharing. The development of Internet has demanded 

that our technologies be extensible and comprehensible (Lake, 2001). Thus, to share and integrate 

geographic data in the Internet environment requires a standard data format, which is interoperable, 

extensible and suitable for Internet Technology. OGC, whose mission is to address the lack of 

interoperability between systems that process geo-spatial data, has established the XML-based standard, 

known as GML: The Geographic Markup Language (GML) is an XML encoding for the transport and 

storage of geographic information, including both the spatial and non-spatial properties of geographic 

features (Cox, et al., 2004). 

GML provides an XML-based encoding of geo-spatial data. It can be viewed as a basic application 

framework for handling geographic information in an open and non-proprietary way. Like any XML 

encoding, GML represents (geographic) information in the form of text, thus it can be readily intermixed 

with a wide variety of data types including text, graphics, audio and more (Lake, 2001). GML documents, 

like XML, are both human-readable and machine parsable. So, they are easier to understand and maintain 

than proprietary binary formats. 

Like XML, GML also separates content of geographic data from its presentation. GML mainly 

describes the structure of geographic data without regard to how the data can be presented to a human 

reader. Since GML is based on the XML standard, it can readily be styled into variety of presentation 

formats including vector and raster graphics, text, and sound (Cox, et al., 2004). Graphical output such as 

a map is one of the most common presentations of GML. 

OGC initially developed GML 1.0 (May 2000), which was based on a combination of XML DTDs 

and the Resource Description Framework (RDF). GML 2.0, which replaces GML 1.0, was developed and 

adopted in March 2001 by OGC. It is entirely based on XML Schema (Thompson, et al., 2004). Adoption 

of XML Schema in GML incorporates support for type inheritance, distributed schema integration, and 

namespaces (Lake, 2001). Moreover, it provides a rich set of primitive data types such as string, boolean, 

float, as well as construction of user-defined complex data types, data ranges and masks. GML 2.0 is 

based on linear geometry, it does support coordinates to be specified in three dimensions, but it does not 

provide direct support for three-dimensional geometric constructs. 
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GML 3.1.1 (OGC, 2004) has been extended to represent geo-spatial phenomena in addition to simple 

2D linear features, including features with complex, non-linear, 3D geometry, features with 2D topology, 

features with temporal properties, dynamic features, coverage and observations. It also provides more 

explicit support for properties of features and other objects, of which the value is complex. Moreover, it 

represents spatial and temporal reference systems, units of measure and standards information. 

4.3 GML features 

GML is based on the geographic model developed by the OGC, which describes the world in terms of 

geographic entities called features. This geographic model is based on the OGC Abstract Specification, 4 

which defines a geographic feature as an abstraction of a real world phenomenon, it is a geographic 

feature if it is associated with a location relative to the Earth (Cox, et al., 2004). 

Thus, real world phenomena are represented digitally as a set of features. The state of a feature is 

defined by a set of properties, where each property has a name, value and type descriptions. Geographic 

features are those features whose properties may be geometry-valued. Properties of a feature may be 

simple properties or geometric properties. Properties with simple types (e.g., integer, string, float, 

boolean) are collectively known as simple properties and the properties that are geometry-valued, are 

known as geometric properties. 

A feature can have multiple simple properties as well as multiple geometric properties. A feature can 

be composed of other features. Such a feature is termed as a feature collection. A feature collection has a 

feature type and thus may have its own distinct properties, in addition to the features it contains. A single 

feature like a city can be composed of other features like rivers, roads and colleges. So, a city can be 

represented as a feature collection in GML where the individual features in the collection represent roads, 

rivers and colleges. 

4.3.1 Simple features 

The GML 3.1.1 specification is concerned with the OGC „simple feature‟ model. It is the simplified 

version of a more general model described by the OGC Abstract Specification. There are two major 

simplifications, which lead to the definition of simple features as: 

 Features having either simple properties (integer, real string, boolean) or geometric properties 

and 

 Features whose geometries are assumed to be defined in a two-dimensional SRS, using linear 

interpolation between coordinates. 

The Abstract Feature Model for simple features is presented in Figure 4-1. 

4.3.2 Geometry elements 

In accordance with the OGC simple feature model, GML provides geometric elements corresponding to 

the following geometry classes: 

 Point,  

 LineString,  

 LinearRing,  

 Polygon,  

 MultiPoint,  

 MultiLineString,  

 MultiPolygon,  

 MultiGeometry 

In addition there are <coordinates>, <coord>, <pos> and <posList> elements for encoding 

coordinates and <Box> element for defining extent. 

Each geometry element is used to encode instances of the corresponding geometry class. Thus, a Point 

element is used to encode an instance of the Point geometry class, and a Polygon element is used to 

encode an instance of the Polygon geometry class and so on. 
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Figure 4-1: GML Abstract Feature Model (OGC, 2004) 

The coordinates of any Geometry class instance (Point, Polygon) are encoded as a sequence of 

<coord> elements, or as a single string contained within a <coordinates> element. Examples of the 

use of <coord> and <coordinates> elements to encode coordinate information are shown below. 

<Point srsName="http://www.openings.net/gml/srs/epsg.xml#4326"> 

    <coord><X>37.3</X><Y>23.8</Y></coord> 

</Point> 

<Point srsName=http://www.openings.net/gml/srs/epsg.xml#4326"> 

    <coordinates>37.3,23.8</coordinates> 

</Point> 

The Box element requires two coordinate tuples to define an extent. So, either a sequence of two 

<coord> elements or a <coordinates> element with exactly two coordinate tuples can be used. 

Since a Box cannot be contained by other geometry classes, the srsNameattribute must be 

provided, which identifies the coordinate system. An example is shown below. 

<Box srsName="http://www.openings.net/gml/srs/epsg.xml#4326"> 

    <coord> 

        <X>0.0</X> 

        <Y>0.0</Y> 

    </coord> 

    <coord> 

        <X>52.5</X> 

        <Y>55.0</Y> 

    </coord> 

</Box> 

Each Point element consists of either a single <coord> element or a <coordinates> element 

containing exactly one coordinate tuple. The srsName is optional because a Point element may be 

contained within other elements that specify a reference system. 

A LineString is a piece-wise linear path defined by a list of coordinates that are assumed to be 

connected by straight line segments. At least two coordinate pairs are required to encode an instance of 

the LineString class. 
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Furthermore, there is the alternative of using a <posList> pair of tags, so as to define the 

coordinates. The main difference between these two declaration types is that, with the later, there is no 

need for the comma (,) separation. 

<LineString srsName="http://www.openings.net/gml/srs/epsg.xml#4326"> 

    <coordinates>0.0,0.0 10.0,15.0 65.0,75.0</coordinates> 

</LineString> 

<LineString srsName="http://www.openings.net/gml/srs/epsg.xml#4326"> 

    <posList>0.0 0.0 10.0 15.0 65.0 75.0</poList> 

</LineString> 

A LinearRing is a closed, piece-wise linear path defined by a list of coordinates that are assumed to be 

connected by straight line segments. In order to encode an instance of the LinearRing class, at least four 

coordinate pairs are required and the last coordinate pair must coincide with the first coordinate pair so 

that it forms a ring. LinearRing is used in construction of Polygons, so the srsName attribute is not 

required here. 

A Polygon is a connected surface of which the boundary is a set of LinearRings. The boundaries are 

characterized as interior and exterior boundaries. A Polygon must have at most one exterior boundary and 

zero or more internal boundaries. An example of a Polygon instance is given below. 

<Polygon srsName="http://www.openings.net/gml/srs/epsg.xml#4326"> 

 <outerBoundaryIs> 

  <LinearRing> 

   <coordinates>0.0,0.0 60.0,0.0 60.0,60.0 0.0,0.0</coordinates> 

  </LinearRing> 

 </outerBoundaryIs> 

 <innerBoundaryIs> 

  <LinearRing> 

   <coordinates>10.0,10.0 10.0,30.0 30.0,30.0 10.0,10.0</coordinates> 

  </LinearRing> 

 </innerBoundaryIs> 

</Polygon> 

A MultiPoint is a collection of Points; a MultiLineString is a collection LineStrings; a 

MultiPolygon is a collection of Polygons; and a MultiGeometry is a collection of any arbitrary 

geometry elements such as Points, LineStrings, Polygons and so on. Each of these collections uses an 

appropriate membership property to contain other elements. An example of a MultiLineString 

instance is shown below. 

<MultiLineString srsName="http://www.openings.net/gml/srs/epsg.xml#4326"> 

    <LineStringMember> 

        <LineString> 

            <coordinates>25.5,0.5 55.5,60.0</coordinates> 

        </LineString> 

    </LineStringMember> 

    <LineStringMember> 

        <LineString> 

            <coordinates>54.0,10.5 72.6,40.5</coordinates> 

        </LineString> 

    </LineStringMember> 

</MultiLineString> 
Thus, GML provides eight geometry elements corresponding to their geometry classes. Among these 

eight geometry elements, Point, Box, LineString, LinearRing and Polygon are primitive geometry 

elements, and MultiPoint, MultiLineString, MultiPolygon and MultiGeometry are geometry collections. 

If a feature has properties that are geometry-valued, then these properties are termed as geometric 

properties. Geometry-valued properties describe position and shape of the feature. Since the OGC abstract 

specification defines a small set of basic geometries, GML defines a set of geometric property elements to 

associate these geometries with features. 

There are three levels of naming geometry properties in GML: formal names that denote geometry 

properties based on the type of geometry allowed as a property value, descriptive names provide aliases 

or synonyms for the formal names, and application specific names chosen by user and defined in 
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application schemas based on GML. The formal and descriptive names for the basic geometric properties 

are listed in Table 4-1. 

Formal Name Descriptive Name Geometry Type 

boundedBy - Box 

pointProperty location, position, centerOf Point 

lineStringProperty centerLineOf, edgeOf LineString 

polygonProperty extentOf, coverage Polygon 

geometryProperty - any 

multiPointProperty multiLocation, multiPosition, multiCenterOf MultiPoint 

multiLineStringProperty multiCenterLineOf, multiEdgeOf MultiLineString 

multiPolygonProperty multiExtentOf, multiCoverage MultiPolygon 

multiGeometryProperty - MultiGeometry 

Table 4-1: Basic geometric properties 

4.3.3 Time elements 

Recent advances in GML added the ability for describing a wide variety of features that are time 

dependent from the motion of a person or vehicle, to the development of a hurricane and the impact zone 

of an earthquake (Lu, et al., 2007). The description of time is handled by the temporal.xsd schema. 

One way for representing temporal features in a GML document is by using the <TimePeriod> 

complex type. This type consists of two distinct simple types <begin> and <end>. Date and time 

information can be added inside these tags, following several prototyping methods (ISO 8601, CalDate, 

URI Reference, Decimal value). For the purposes of the current thesis, the ISO 8601 format, has been 

chosen, which can be seen in the following example. 

<gml:TimePeriod> 

        <gml:begin>2001/02/09T16:32.53</gml:begin> 

        <gml:end>2001/02/09T16:33.23</gml:end> 

</gml:TimePeriod> 
According to ISO 8601 notation, every timestamp has to conform to the following format (Wolf, et 

al., 1997): 

{Year/Month/DayTHour:Minute.Second} 

4.4 Core GML schemas 

GML 3.1.1 defines three base schemas for encoding spatial information. These schemas provide the 

building blocks for constructing GML application schemas. In other words, the base GML schemas 

provide a meta-schema or set of foundation classes, from which an application schema can be 

constructed. 

The Feature schema defines the general feature-property model which describes both abstract and 

concrete elements and types. It supports feature collection (as feature type) and includes common feature 

properties such as fid (a feature identifier), name and description. The <include> element in the 

Feature schema brings in the definitions and declarations contained in the Geometry schema for use in 

defining feature types. The UML model of Abstract Feature schema is shown in Figure 4-1. 

The GML Geometry schema includes the detailed geometry components that are type definitions for 

abstract geometry elements, concrete (multi) point, line and polygon geometry elements, as well as 

complex type definitions for the underlying geometry types. The Geometry schema targets the gml 

namespace. The <import> element in the Geometry schema brings in the definitions and declarations 

contained in XLink schema. The UML model of Geometry schema is shown in Figure 4-2. 

As W3C states, the XLink allow elements to be inserted into XML documents in order to create and 

describe links between resources. It uses XML syntax to create structures that can describe links similar 

to the simple unidirectional hyperlinks of HTML, as well as more sophisticated links. The XLink schema 

in GML provides the XLink attributes to support linking functionality. 
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Figure 4-2: GML Geometry Model (OGC, 2004) 

4.5 Encoding geographic information with GML 

Using the three base XML schemas described above, it is possible to encode a wide variety of geospatial 

information such as; features with or without geometry, geometry, collection of features, and associations 

between features. GML 3.1.1 specification explains how these encodings are performed. 

A geographic feature in GML is a list of simple and geometric properties. The features are captured as 

element names in GML and the feature class definition prescribes the named properties that a particular 

feature type should have. GML follows some conventions in encoding these. Type definitions take the 

corresponding class name and append the Type suffix. Type names are in mixed case with leading 

capital (e.g. A Road feature is coded as <element name="Road" type="RoadType"/>, the 

names of geometric properties and attributes are in mixed case with leading lower case character (e.g. 

pointProperty, familyName). The abstract elements‟ name is in mixed case with leading 

underscore (e.g. Feature, FeatureCollection). 

4.6 GML application schemas 

The three core XML Schemas (Feature Schema, Geometry Schema and XLink Schema) alone do not 

provide a schema suitable for constraining data instances; rather, they provide base types and structures 

which may be used by an application schema. 

A GML application schema is an XML Schema document constructed with the components provided 

by the base GML schemas. It declares the actual feature types and property types of interest for particular 

domain, using components from GML in standard ways. Defining an application schema from 

components in base GML schemas, benefits from standardized constructs and guaranteed to conform to 

the OGC Feature Model. 

Any GML application schema must adhere to the schema development rules described in GML 2.0 

specification and must not change the name, definition, or data type of mandatory GML elements. But in 

application schemas, the abstract type definitions can be freely extended or restricted. Furthermore an 

application schema must target a namespace and that must not be gml namespace. And such an 

application schema must be made available to anyone receiving data structured according to that schema. 
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4.7 Structure of an application schema 

As any other XML document, a GML application schema also consists of header (prolog) and body. 

The header starts with a xml declaration which consists version and encoding attributes. The value of 

encoding attribute indicates the Unicode character set used in encoding GML. 

<?xml version="1.0" encoding="utf-8"?> 

The <schema> open tag must contain the namespaces that are used for the schema definition. The 

targetNamespace attribute defines the user namespace, and its value is a unique identifier for the 

GML namespace. For an example: 

<schema 

    targetNamespace="http://www.unipi.gr/gml" 

    xmlns:gml="http://www.unipi.gr/gml" 

    xmlns:gml="http://www.opengis.net/gml" 

    xmlns:xlink="http://www.w3.org/1999/xlink" 

    xmlns="http://www.w3.org/2000/10/XMLSchema" 

    elementFormDefault="qualified" 

    version="1.0"> 

    <annotation> 

        <appinfo>Village.xsd v1.0 </appinfo> 

        <documentation xsl:lang="en"> 

            GML application schema for Topographic data 

        </documentation> 

    </annotation> 

    <!-- import constructs from the GML Feature & Geometry schemas--> 

    <import 

        namespace="http://www.opengis.net/gml" 

        schemaLocation="feature.xsd" /> 

</schema> 

The <annotation> element provides the information about the application schema and the 

<import> element imports other schema definitions that are used in this schema. In this case the GML 

feature schema definition (feature.xsd) is imported and it includes geometry and xlinks schemas. 

The schemaLocation attribute describes the location path of the importing schema. 

The first <element> in the application schema defines the root element and becomes the open tag of 

the GML file. In schema definition, the root element is a substitutionGroup for the glm: 

FeatureCollection and an extension based on gml:AbstractFeatureCollectionType. 

For example, if the topographic information of a village is modeled in GML, it may consist of road, river, 

terrain, building, utility and boundary feature classes. The collection of these feature classes is the root 

element and if it is named as VillageModel, it can be defined in the schema as follows. 

<element  

    name="VillageModel"  

    type="gml:VillageModelType" 

    substitutionGroup="gml:_FeatureCollection" /> 

 

<complexType name="VillageModelType"> 

    <complexContent> 

        <extension base="gml:AbstractFeatureCollectionType"> 

            <sequence> 

                <element name="dateCreated" type="date" /> 

            </sequence> 

        </extension> 

    </complexContent> 

</complexType> 

There are some properties that are shared by many objects in a schema definition. Such shared 

definitions are modeled with group definitions in XML Schema. For example, temporal and metadata 

information will be related to every feature in the model. To inherit these properties in all features, a 
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complexType can be defined that refers to group definitions and all feature types have to be defined as 

extensions of that type. 

<group name="TemporalData"> 

    <sequence> 

        <element name="begindate" type="string" /> 

        <element name="enddate" type="string" /> 

    </sequence> 

</group> 

<group name="MetaData"> 

    <sequence> 

        <element name="source_type" type="string" /> 

        <element name="source_description" type="string" /> 

        <element name="accuracy" type="string" /> 

        <element name="actuality" type="string" /> 

        <element name="code_num" type="integer" /> 

    </sequence> 

</group> 

<complexType name="TopoDataType" abstract="true"> 

    <complexContent> 

        <extension base="gml:AbstractFeatureType"> 

            <sequence> 

                <element name="code_id" type="integer" /> 

                <group ref="gml:TemporalData" /> 

                <group ref="gml:MetaData" /> 

            </sequence> 

        </extension> 

    </complexContent> 

</complexType> 
Features are the objects that are visible on the map. In the example below, building is a one feature 

type and the collection of building features are represented by BuildingLayer type. All such feature 

layers can be defined as a TopoDataLayerType which is an extension of 

gml:AbstractFeatureCollectionType. 

<complexType name="TopoDataLayerType"> 

    <complexContent> 

        <extension base="gml:AbstractFeatureCollectionType" /> 

    </complexContent> 

</complexType> 

<element  

    name="BuildingLayer"  

    type="TopoDataLayerType" 

    substitutionGroup="gml:_FeatureCollection" /> 

<element  

    name="Building"  

    type="gml:BuildingType" 

    substitutionGroup="gml:_Feature" /> 

<complexType name="BuildingType"> 

<complexContent> 

    <extention base="gml:TopoDataType"> 

        <sequence> 

          <element name="type" type="string" /> 

          <element name="function" type="string" /> 

          <element name="height_category" type="string" /> 

          <element name="height" type="string" /> 

          <element name="status" type="string" /> 

          <element ref="gml:geometryProperty" /> 

          <element name="heightlevel" type="integer" minOccurs="0" /> 

          <element name="name" type="string" minOccurs="0" /> 

        </sequence> 
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    </extension> 

    </complexContent> 

</complexType> 
All other feature layers can also be defined in the same way. 

A property of feature can have a predefined number of allowed values. When such a property is 

string type, it is possible to make an enumeration type for those properties that lists allowed entries. 

The function property of above building feature can be altered as follows: 

<element name="function" type="functionType" /> 

<simpleType name="functionType"> 

    <restriction base="string"> 

        <enumeration value="Municipality" /> 

        <enumeration value="Police office" /> 

        <enumeration value="Post office" /> 

        <enumeration value="Church" /> 

        <enumeration value="Hospital" /> 

        <enumeration value="Station" /> 

        <enumeration value="Storage tank" /> 

        <enumeration value="Other" /> 

    </restriction> 

</simpleType> 

4.8 Structure of GML documents 

Any GML document starts with the standard XML header in which the character encoding and xml 

version are mentioned. Then the root element of the GML document is appeared with all namespace 

definitions used in the GML document and schema location. The <gml:boundedBy> element contains 

the bounding box of all the features in the GML document. The srsName attribute in the <Box> 

element indicates the spatial reference system where coordinates of features are based on. After the 

bounding box of all feature collections, each data layer (feature collection) is described alone with related 

bounding box elements. A GML document fragment based on the above application schema fragment is 

given below. 

<?xml version="1.0" encoding="utf-8" standalone="no"?> 

<!--File: Model.gml--> 

<gml:VillageModel 

    xmlns:gml="http://www.opengis.net/gml" 

    xmlns:xlink="http://www.w3.org/1999/xlink" 

    xmlns:xsi="http://www.w3.org/2000/10/XMLSchema-instance" 

    xsi:schemaLocation="http://www.unipi.gr/GMLModel.xsd"> 

    <gml:dateCreated>May 2008</gml:dateCreated> 

    <gml:featureMember> 

        <gml:boundedBy> 

            <gml:Box> 

                <gml:coordinates> 

                    190000,446000 193000,449000 

                </gml:coordinates> 

            </gml:Box> 

        </gml:boundedBy> 

    </gml:featureMember> 

</gml:VillageModel> 

4.9 Validation of GML documents 

The correctness of a GML document has to be checked through validation. First the document must be 

well formed (that is the document should comply with XML syntax). If it is well formed the next step is 

to check if the GML document is valid according to its Schema definition. It can be performed with 

packages like XMLSpy or custom applications using Java/.NET, implemented for this specific reason. 
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4.10 Viewing GML data 

According to the principles of XML technology and GML development goals, GML should not contain 

presentation data. As a consequence, GML data files do not contain styling information. But there are 

ways to add styles to the GML features. One method is, when GML data is imported into GIS or other 

CAD application, styles can be added through that software. Another method is developing a viewer that 

can read GML data and generate cartographic view. The viewer software needs to have an interactive 

module to change the graphical properties of the features. It is also possible to provide a separate 

document that contains styling information along with GML data that viewer software can read both and 

generates a graphical display. But still this kind of viewers is not commonly available. There is another 

possibility, which is transforming GML into another XML graphic format, KML and using an already 

implemented API, the visualization concept is achieved. That is the main focus of this thesis. 

4.11 Conclusion 

GML is an XML based standard for describing geographic data. GML 3.1.1 is the latest specification in 

implementation level. GML models Geographic data as feature, and feature collections which are defined 

in application schemas using the basic constructs provided core GML schemas. 

A GML document that is based on such a schema is a valid XML document that can be processed by 

any XML parser. GML provides no information about presentation and therefore data content has to be 

converted into another graphical format. 
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5 The Keyhole Markup Language (KML) 

5.1 Introduction 

Keyhole Markup Language is an XML geospatial data file format for presenting two- and three-

dimensional graphics. It has many advantages over other graphics formats. This chapter describes its 

advantages, capabilities and suitability for viewing geographic data. It also examines the various flavors 

of users‟ applications, which are responsible for visualizing such information. 

5.2 Visualization of geographic data 

Geographic data provides information of man-made and natural features on earth‟s surface such as roads, 

hydrology, buildings, land cover, terrain relief, and boundaries etc. In the visualization, process these 

features have to be graphically represented. The basic graphic elements points, lines and areas can be 

used to create the visual designs irrespective of the medium on which it is displayed. Point elements 

convey a sense of position and are the most fundamental of these three types. Lines are linear array of 

points and exhibits direction as well as position. Area elements exhibit extent, direction, and position and 

are two-dimensional array of points (Robinson, et al., 1995). 

According to the Bertin‟s introduction the shape, size, orientation, color (hue), value (tone) and 

texture are the graphic variables that can be used to make one symbol different from another (de By, et 

al., 2001). 

In order to make the visualization more meaningful, one should identify and analyze the data to be 

presented before to symbolize. Text is used in visualization to transfer the information that is not possible 

to symbolize. 

In this research the target presentation media is a Web browser and therefore the graphical format 

used for the visualization must suit the Web as well as the data content (geographic data). 

5.3 Evolution of KML 

Most of the graphics on the Web consist of images represented as a sequence of colored pixels. GIF 

(Graphics Interchange Format), JPEG (Joint Photographic Experts Group) and PNG (Portable Network 

Graphics) are examples of bit-mapped graphic formats which are based on this principle. An alternative 

approach for sending pixel values down the Web is sending instructions for drawing features like lines or 

curves (vectors) and filling these shapes, which offers great advantages over pixel based formats. 

By now, a number of vector formats are being used on the Web; e.g. Flash, Precision Graphics 

Markup Language (PGML), Web Compute Graphic Metafile (WebCGM) and Portable Document Format 

(PDF). 

Their implementation through plug-ins and difficulty in integration with the rest of the Web, 

prevented them of being used in all the places that natively supported raster graphics could be. Moreover, 

no single format was widely and well supported by the tools for creating Web pages, and in general there 

was a lack of cross-platform support and of accessibility and well internationalized solutions (Lilley, 

2002). 

Keyhole Inc., which was acquired by Google Inc. in 2004, developed a new standard format for vector 

graphics, KML that matches the needs of content providers and browsers like. 

5.4 Keyhole Markup Language (KML) 

KML is an XML grammar and file format for modeling and storing geographic features such as points, 

lines, images, and polygons for display in Google Earth, Google Maps, and Google Maps for mobile. 

Google‟s backing of KML makes it an important format for the exchange of geographic information. 
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KML 2.0 specification was issued by Google Inc. in 2006 and as it describes, it allows for three main 

types of graphic objects; vector graphic shapes (e.g. paths consisting of straight lines and curves), images 

and text. 

In KML, graphical objects can be grouped, styled, transformed and composites into previously 

rendered objects. Furthermore, the feature set may include nested transformations, clipping paths, alpha 

masks, filter effects, template objects and both procedural and declarative animation. KML drawings can 

also be dynamic and interactive. 

KML is a bridge between design and programming, because unlike traditional methods of creating 

graphics, graphics in KML are created through an XML based programming language and consequently 

integrates well with other W3C standards such as the DOM. KML is much like a vector based graphics 

program, with the exception of an associated graphical program interface. Instead, vector images are 

created through text based commands that are formatted to comply with XML specifications. 

KML offers many important advantages over other formats. 

 Zoomable: Images can be magnified without sacrificing sharpness, detail of clarity. 

 Text stays text: Text in KML images remains editable and searchable. There are no font 

limitations and users will always see the image the same way it was created. 

 Small file size: On average, KML files are smaller than other Web-graphic formats and are quick 

to download. 

 Display independence: Images are always crisp on screen and print out at the resolution of the 

printer. 

 Color control: KML offers a palette of 16 million colors, support for ICC color profiles, sRGB, 

gradients and masking. 

 Interactivity and intelligence: Since KML is XML based it offers high dynamic interactive 

graphics far more sophisticated than bitmapped or even Flash images. Moreover KML images 

can respond to user actions with highlighting, tool tips, special effects, audio, and animation. 

 OGC standard: The KML 2.2 specification has been submitted to the Open Geospatial 

Consortium to assure its status as an open standard for all geo-browsers. As of November 2007, 

the OGC has a new KML 2.2 Standards Working Group. Comments were sought on the 

proposed standard until January 4, 2008 and it became an industry standard on April 14, 2008. 

 True XML based: Since KML is an XML grammar; it offers all the advantages of XML. 

Interoperability, Internationalization (Unicode support), Wide tool support, Easy manipulations 

through standard APIs such as DOM API. 

 Easy transformation through XML Stylesheet Language Transformation (XSLT). 

5.4.1 Creating KML files 

KML documents can be hand-coded using any simple text editor or sophisticated XML editors like 

TextPad, Vim, or XML-Spy. XML-Spy offers syntax highlighting, elements and attributes completion, 

validation of KML content against the KML Schema. This method is feasible only for simple and small 

documents. 

Another alternative is to use a custom application which will be fed by geographic data and in turn, it will 

produce the corresponding files. There are quite a lot applications accomplishing such tasks; to name a 

few, Google Earth (Google Earth, 2008), Google My Maps (Google Maps, 2008), Map Builder 

(Bidochko, et al., 2005) etc. 

A more flexible, robust and advanced method of generating KML is through XSLT stylesheets. As 

discussed in the previous chapter, XSLT is designed for XML document transformation. Since KML is 

XML based, application of XSLT to generate KML from XML data is straightforward. This research 

emphasizes on this approach for visualizing GML data. 

5.5 KML features 

An application, which wants to exploit the use of cartographic services of Google, must utilize the API 

available from the vendor. 

The Google Maps API is an interface, which was developed by the Google Company and allows us to 

integrate Google maps on our Web pages using JavaScript. Can anyone with the facilities provided to 
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design indicators over maps, or develop even more sophisticated applications. At present, however, 

services provided by Google are only available for web pages and cannot be used by another application. 

Not based on an open standard such as SOAP/XML, but uses JavaScript as mentioned above. For this 

reason, the only way of integrating them are websites. 

The advantage of using these services is that they are provided free of charge (at least for web sites 

with a maximum number 50000 visits/day). The only thing that is needed to use these services is included 

in the Google system to grant a password to the API of Google (API key). But if the services are rendered 

free from Google should anyone who uses them not to make them available on the site of payment but 

also free to visitors of his website. Below is a brief presentation of  the characteristics of the services 

provided by Google Maps API: 

 GMap class: This is the basic class. An object of class GMap corresponds to a map on the page. 

A user can create as many instances of this class as she wants (one for each map on page). When 

creating a new snapshot map, we set an item on page which contains the map. The map then uses 

size as the size of the item which includes unless we define it differently. The GMap class 

provides methods for handling the center of the map and the level of zoom, and methods for 

adding or removing various overlays (such as instances of class GMarker and GPolyline). In 

addition, it provides methods that give us the possibility to open a “window information” which 

contains various information on the map. 

 Events: Usage of the event listeners can introduce dynamic elements to our application. An 

object of this class provides a number of events (events) and our application‟s implementation 

can “listen” using static methods such as GEvent.addListener or GEvent.bind. So the 

program can, for example displays a message depending on a user‟s click on the map. 

 The Info Window: Every map has a single “window information”, which displays HTML 

content in a window above the map. The information window resembles a “bubble” in a book 

comic. It consists of a region with the content of the information which becomes thinner aside 

and become as an indicator showing at a designated point on the map. If anyone has used the 

Google Maps or Google Local, then chances are to have seen a ”window information” when 

clicked on an icon (marker). Another feature of these windows is that nobody can display more 

than one simultaneously in a given map but can move the window and change its contents if this 

is desirable. 

The basic formula for a window of information is openInfoWindow, which takes an entry 

point and an HTML DOM element. The window information appears in the text given point of 

the map and displays the DOM element in the region comprising. OpenInfoWindowHtml 

method is similar, but takes an HTML string as the second argument instead of a DOM element. 

Similarly, openInfoWindowXslt gets one point, an XML DOM element and the URL of an 

XSLT file. It then applies the XSLT transformation in XML to produce the contents of the 

window. This method carries XSLT asynchronously if not already transferred from the browser 

user. 

Apart from the above, we can also display a window of information from an overlay for 

example, an icon (marker). To do that we set a pixel offset between the fixed point and the text 

of the window, as a third argument. The GMarker class includes openInfoWindow methods, 

which handle the pixel offsets automatically based on the size and shape of the icon, and 

therefore there is no need for the developer to worry about calculating offsets to its application. 

 Overlays: The overlays are objects on the map which is “associated” to geographical 

coordinates, and so moved when the user moves the map or zoom to do this or when visibility is 

changing the way (Google offers several ways to display a map for example satellite visibility, 

road map etc). The Google Maps API includes two types of overlays, the markers are icons on 

the map and polylines lines that are comprised of a number of points. 

o Markers and Icons: The GMarker constructor takes as entering an icon and a point and 

produces a small set of events such as the “click” event, which can then be manipulated 

in our code. The most difficult part in creating a marker is the definition of the icon. 

This is difficult because a large number of different images which compose a simple 

icon in the Maps API. Nevertheless, if one wants a global icon can create a GMarker 

without defining an icon. 
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Icons are usually kind pins, with a tip that appears in the location specified by 

GMarker constructor. Each icon has (at least) one picture on the scene and an image as 

a shadow. There are more details about how it should be established icons and can be 

found in the documentation of the Google Maps API (Google Maps API, 2004). 

o Polylines: GPolyline constructor takes as a table entry points and creates a series of 

segments that unite these points in turn given. They can also determine the color, 

thickness and brightness of the line. The color should be in hexadecimal form as in 

HTML. More details about the polylines can be found in the documentation of the 

Google Maps API (Google Maps API, 2004). 

 Controls: To use control over the map, such as removal or zoom or any other check, there is a 

method addControl. The Maps API has incorporated the following checks we can use the 

map: 

o GLargeMapControl: A wide range of motion/zoom control used in Google Maps. 

o GSmallMapControl: One less motion control/zoom used in Google Local. 

o GSmallZoomControl: A small zoom control used in Google Maps to display 

instructions guidance. 

o GMapTypeControl: Check for enabling the user to change the various types of maps 

(for example Map and Satellite). 

 XML and RPC: The Google Maps API offers a “factory method” XmlHttpRequest to create 

objects that “work” in recent versions of Internet Explorer, Firefox, and Safari. It is also the 

chance to take in parsing an XML document with a static method GXml.parse, which takes as 

input a XML string. Please note only that the Google Maps API does not require the use of XML 

or XmlHttpRequest to work together based solely on a “net” JavaScript/DHTML API. 

5.6 KML document structure 

Google Earth/Maps use KML as its external spatial and temporal data format. KML is XML-based and 

has a schema. Using KML, organizations can import geospatial data into Google Earth/Maps and, for 

instance, overlay it on top of the spatial data provided by Google. A sample KML code is presented. This 

code places a tethered placemark in a predetermined location. As seen here, KML has a tag-based 

structure, and Google Earth/Maps acts as a browser of KML files.  

Besides an ability to situate placemarks, KML has capabilities to manipulate the following 2-

dimensional geometric shapes: 

 Points: can be visually represented on the Earth's surface by either icons or labels, or both and 

positioned at different altitudes. 

 Lines: can be positioned at various altitudes similar to points. The support for polylines is 

included. 

 Polygons: can be created in Google Earth/Maps, in 2- or 3-D and can be of solid form or with 

inner boundaries. As a result, complex 3-D shapes can be rendered at various altitudes. 

The appearance of these geometric shapes can be manipulated using the following techniques: 

defining coordinates, extruding to make 3-D shapes, and grouping into collections. Defining coordinates 

technique is used by entering coordinates and an elevation above the seal level. Extruding works by 

positioning an element at the specified position and then using the <extrude> tag. Grouping into 

collection is done using <MultiGeometry> tag and is used for organization purposes. 

In order to enhance the software package's displaying capabilities, image overlays are also supported. 

Using this technique, it is possible, for example, to overlay a 3-D blueprint of a construction site over the 

location site where the construction is planned to occur. Image overlays can be divided into two parts: 

ground overlays and screen overlays. Ground overlays are images that are static with respect to the 

Earth's surface whereas screen overlays are fixed to the computer screen and are independent of the 

underlying geography. 

Moreover, KML allows one to define one's own schema if the default schema does not satisfy all 

needs. The schema requires the following elements: 

 Parent element: a base KML schema for inheritance. Uses <parent> tag. 
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 Schema name: uses <name> tag. 

 Field declarations: define individual elements. 

The following example illustrates the concept of defining a new schema. 

<Schema> 

    <name>States</name> 

    <parent>Placemark</parent> 

    <SimpleField> 

        <name>FIPS</name> 

        <type>wstring</type> 

    </SimpleField> 

    <SimpleField> 

        <name>STATE</name> 

        <type>wstring</type> 

    </SimpleField> 

</Schema> 

In this example two fields are declared: FIPS and STATE, both of type wstring (a UNICODE 16-

bit string). The schema itself inherits from Placemark element and is, therefore, capable of working 

correctly with all the Placemark attributes. 

<?xml version="1.0" encoding="utf-8"?> 

<kml xmlns="http://earth.google.com/kml/2.2"> 

    <Placemark> 

        <description> 

            Tethered to the ground by a customizable tail 

        </description> 

        <name>Tethethed placemark</name> 

        <LookAt> 

            <longitude>-122.0856375356631</longitude> 

            <latitude>37.42240551227282</latitude> 

            <range>305.8880792294568</range> 

            <tilt>46.72425699662645</tilt> 

            <heading>49.06133439171233</heading> 

        </LookAt> 

        <visibility>0</visibility> 

        <Style> 

            <IconStyle> 

                <Icon> 

                    <href>root://icons/palette-3.png</href> 

                </Icon> 

            </IconStyle> 

        </Style> 

        <Point> 

            <extrude>1</extrude> 

            <altitudeMode>relativeToGround</altitudeMode> 

            <coordinates> 

                -122.08562,37.42244,50 

            </coordinates> 

        </Point> 

    </Placemark> 

</kml> 

From the sample code above, we can sort out the core elements of which a KML document is 

comprised. 

The root element of a KML file is kml. This element is required. It follows the xml declaration at the 

beginning of the file. The <kml> element may also include the namespace for any external XML 

schemas that are referenced within the file. 



Ioannis S. Gkoutsidis MSc Thesis 

Trajectory Data Visualization: The VisualHERMES Tool 39 

A Placemark is a Feature with associated Geometry. In Google Earth, a Placemark appears as a list 

item in the Places panel. A Placemark with a Point has an icon associated with it that marks a point on the 

Earth in the viewer. 

The description element is user-supplied text that appears in the description balloon. It supports plain 

text as well as a subset of HTML formatting elements, including tables. 

In a similar manner, the name element is user-defined, text displayed in the viewer as the label for the 

object. 

The LookAt element defines a virtual camera that is associated with any element derived from Feature. 

Its purpose is to position the camera in relation to the object that is being viewed. This element is 

comprised of several other sub-elements; some of them are: 

 longitude: Longitude of the point the camera is looking at. Angular distance in degrees, relative 

to the Prime Meridian. Values west of the Meridian range from −180 to 0 degrees. Values east of 

the Meridian range from 0 to 180 degrees. 

 latitude: Latitude of the point the camera is looking at. Degrees north or south of the Equator (0 

degrees). Values range from −90 degrees to 90 degrees. 

 range: Distance in meters from the point specified by <longitude>, <latitude>, and 

<altitude> to the <LookAt> position. 

 tilt: Angle between the direction of the <LookAt> position and the normal to the surface of the 

earth. Values range from 0 to 90 degrees. Values for <tilt> cannot be negative. A <tilt> 

value of 0 degrees indicates viewing from directly above. A <tilt> value of 90 degrees 

indicates viewing along the horizon. 

 heading: Direction (azimuth) of the camera, in degrees. Default=0 (true North). Values range 

from 0 to 360 degrees. 

The visibility element is a boolean value, which specifies whether the feature is drawn in the viewer 

when it is initially loaded. In order for a feature to be visible, the <visibility> tag of all its ancestors 

must also be set to 1. 

Style element defines an addressable style group that can be referenced by StyleMaps and Features. 

Styles affect how Geometry is presented in the viewer and how Features appear in the Places panel of the 

List view. Its sub-elements are: 

 IconStyle: Specifies how icons for point Placemarks are drawn, both in the Places panel and in 

the viewer of Google Earth/Maps. 

 Icon: Specifies the icon image 

 href: An HTTP address or a local file specification used to load an icon. 

Point elements represent geographic locations defined by longitude, latitude, and (optional) altitude. 

When a Point is contained by a Placemark, the point itself determines the position of the Placemark's 

name and icon. When a Point is extruded, it is connected to the ground with a line. 

 extrude: Specifies whether to connect the point to the ground with a line. 

 altitudeMode: Specifies how altitude components in the <coordinates> element are 

interpreted. Possible values are (clampToGround, relativeToGround or absolute). 

 coordinates: A single tuple consisting of floating point values for <longitude>, 

<latitude>, and <altitude> (in that order). Longitude and latitude values are in degrees, 

where  

o −180 ≤  longitude ≤ 180 

o −90 ≤ latitude ≤ 90 

o altitude values are in meters above the sea level 

As a final note, it has to be mentioned that some of the elements above, have no effect as far as the 

visualized data are concerned, in the case of Google Maps viewer. That happens because of the nature of 

the two viewers. Google Earth is a desktop application, which at least has more exotic features. Google 

Maps on the other hand, is a web application, so it has to be a more light-weight program running over a 

stateless web protocol (HTTP), in a simple web browser without any plug-ins that is without some 

features experienced in similar desktop applications. 
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5.7 Viewing KML data 

Viewing a KML file requires some kind of a custom application. Google, as the main vendor of KML, 

offers two different types of applications, which a user can use in order to get her data visualized. Google 

Earth is a desktop application which comes with many features. On the other hand, Google Maps is a 

Web service, offered by Google, with which a user can use only hers‟ JavaScript-enabled web browser to 

get the results. As a web application, Maps has less features in regard to its Earth brother. 

5.7.1 Google Earth 

Formerly known as Earth Viewer, Google Earth was developed by Keyhole, Inc., a company acquired by 

Google in 2004. The product was renamed Google Earth in 2005 and is currently available for use on 

personal computers running Microsoft Windows 2000, XP, or Vista; Mac OS X 10.3.9 and above; Linux 

and FreeBSD. In addition to releasing an updated Keyhole based client, Google also added the imagery 

from the Earth database to their web based mapping software (Figure 5-1). 

 
Figure 5-1: Google Earth UI 

The viewer will show houses, the color of cars, and even the shadows of people and street signs. The 

degree of resolution available is based somewhat on the points of interest, but most land (except for some 

islands) is covered in at least 15 meters of resolution. Las Vegas, Nevada and Cambridge, Massachusetts 

include examples of the highest resolution, at 15 cm (6 inches). Google Earth allows users to search for 

addresses (for some countries only), enter coordinates, or simply use the mouse to browse to a location. 

Google Earth also has digital elevation model (DEM) data collected by NASA‟s Shuttle Radar 

Topography Mission. This means one can view the Grand Canyon or Mount Everest in three dimensions, 

instead of 2D like other map programs/sites. Since 2006, the 3D views of many mountains, including 

Mount Everest, have been improved by the use of supplementary DEM data to fill the gaps in SRTM 

coverage. In addition, Google has provided a layer allowing one to see 3D buildings for many major cities 

in the US and Japan. 

Many people using the applications are adding their own data and making them available through 

various sources, such as BBS or blogs. Google Earth is able to show all kinds of images overlaid on the 

surface of the earth and is also Web Map Service client. Google Earth supports managing three-
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dimensional geospatial data through KML. It is available in a free version, and in licensed versions for 

commercial use. 

Google Earth has the capability to show 3D buildings and structures (such as bridges), which consist 

of users‟ submissions using SketchUp, a 3D modeling program. In prior versions of Google Earth (before 

Version 4), 3D buildings were limited to a few cities, and had poorer rendering with no textures. 

Many buildings and structures from around the world now have detailed 3D structures; including (but 

not limited to): U.S., Canada, India, Japan, United Kingdom, Germany, Pakistan, Amsterdam and 

Alexandria. Three-dimensional renderings are available for certain buildings and structures around the 

world via Google‟s 3D Warehouse and other websites. 

Furthermore, Google Earth offers a time-slice bar, which is a very handy tool when a user has to 

visualize moving objects information. With this tool in hand and a corresponding KML file as source, it is 

possible to examine an object‟s movement in a time range. 

5.7.2 Google Maps 

Google Maps is a map service that a user views in your web browser. Depending on user‟s location, she 

can view basic or custom maps and local business information, including business locations, contact 

information, and driving directions. She can also view satellite image with or without map data of a 

desired location that can be zoomed and panned (Figure 5-2). 

 
Figure 5-2: Google Maps UI 

Google Maps is a first class solution for displaying the contents of a KML file. The easiest way to do 

so is to go to the Google Maps page and enter the URL of the KML file as though it were an address or 

other search term. Such a query results in the following URL: 

http://maps.google.com?q={kml-url} 

For example, feeding the KML for the bookstore map back into Google Maps, we get the following: 

http://maps.google.com/maps?q=http:%2F%2Fmaps.google.com%2Fmaps%2➥

Fms%3Ff%3Dq%26om%3D1%26ie%3DUTF8%26msa%3D0%26output%3Dnl%26msid%3➥
D116029721704976049577.0000011345e68993fc0e7 
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Google Maps is an incredibly useful KML renderer. First, someone can test KML files without having 

access to Google Earth. Second, a user can let others look at the content of KML files without requiring 

them to have Google Earth installed. We should be aware, however, of two caveats in using Google Maps 

to render KML: 

 Google Maps does not implement KML in total; so don‟t expect to replace Google Earth with 

Google Maps for working with KML and 

 Google Maps caches KML files that a user renders with it. That is, if we are using Google Maps 

to test the KML that we are changing, be aware that Google Maps might not be reading the latest 

version of our KML file. 

5.7.3 Other viewing applications 

The acceptance of KML specification for geographic information is so great, which led many other 

companies, providing congener services, to adopt it as a secondary option. That is, Microsoft Virtual 

Earth and Yahoo! Maps, offers the ability to their users, to view KML files using their services. 

Furthermore, a developer can always create a custom web application, so to visualize hers KML 

information, using the Google Maps API as a core component. 

5.8 KML critique 

KML is a powerful XML-type language used to extend the applicability and usefulness of Google 

Earth/Maps package. However, its disadvantage stems from the fact that it is based on the rigid schema 

that KML documents must conform to in order to work correctly in Google Earth/Maps. In addition, tag 

names are ambiguous because of the inherent vagueness of a human language. Therefore, KML is ill-

suited to provide spatial data interoperability on the semantic level. M-Language, on the other hand, 

solves the ambiguity problem and is well positioned to offer spatial data interoperability solutions for 

disparate data sources. 

5.9 Conclusion 

KML is a really powerful technology for visualizing both spatial and temporal data in the Web. It is a 

perfect tool for publishing geographic data in the form of maps. Its XML nature in conjunction with a 

well developed API makes this kind of files really portable and easily to be processed. Finally, usage of 

free web or desktop applications for viewing this information completes the overall image. 
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6 The eXtensible Stylesheet Language 

Transformations (XSLT) 

6.1 Introduction 

The main focus of this chapter is examining the ways of visualizing XML data and how Extensible 

Stylesheet Transformations (XSLT) contributes in that process. At the same time it explains how XSLT is 

used to transform GML data into Keyhole Markup Language (KML). 

6.2 EXtensible Stylesheet Language (XSL) 

Since XML does not use predefined tags or include formatting information, a generic XML processor that 

reads an XML document has no idea what is meant by the document and the form which is desired to 

present it. Therefore, there must be an additional document that provides information on how to present 

or otherwise process the XML, and that is XSL. 

XSL is a specification being developed within W3C for applying formatting to XML documents in a 

standard way. The specification defines that XSL is a language for expressing stylesheets. Stylesheets are 

used to describe how the content of a given structured document should be presented; that is how the 

source content should be styled, laid out, and paginated onto some presentation medium such as a 

window in a Web browser or a hand-held device, or a set of physical pages in a catalog, report, pamphlet 

or book (Joshi, 2007). 

The Extensible Stylesheet Language consists of three component languages which are described by 

three W3C recommendations. These are XSL Transformation – XSLT (Clark, 1999), XSL Formatting 

Objects - XSL-FO (Adler, et al., 2001), and XML Path Language – XPath (Clark, et al., 1999). The XSL 

Transformation and XSL Formation Objects can function independently of each other (Adler, et al., 

2001). 

6.2.1 XSL Transformation (XSLT) 

XSLT is the most important part of the XSL Standards. It provides elements that define rules for how one 

XML document is transformed into another XML, HTML or text document. If the transformed document 

is in XML, it may use the markup and DTD of the original document or it may use a completely different 

set of elements. XSLT can add new elements into the output file, remove existing elements, rearrange and 

sort elements, test and make decisions, and a lot more through appropriate stylesheets. 

The transformation can be performed in three primary ways. First, XML document and associated 

stylesheet both can be served to the browser (formatter), which then transforms the document as specified 

by the stylesheet. Otherwise a server can apply the XSLT stylesheet to the XML document and send the 

transformed document to the user. And the other possibility is, an XSLT processor transforms the original 

XML document into specified format according to the stylesheet before the document is placed on the 

server. Here both server and user only deal with the transformed document. 

Each of these three approaches uses different software, although they all use the same XML document 

and XSLT stylesheet. This thesis emphasizes on the third approach that is more suitable for achieving the 

research objectives. 

6.2.2 XSL Formatting Objects (XSL-FO) 

The XSL-FO is an XML application that describes how pages will look when presented to a reader on 

screen or paper. It describes a rendering vocabulary capturing the semantics of formatting information for 

paginated presentation. An XSLT stylesheet can be used to transform XML document in semantic 

vocabulary into a new XML document that uses the XSL-FO presentational vocabulary (Evjenet, 2007). 
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6.2.3 XML Path Language (XPath) 

XPath is a language for referencing specific parts of an XML document, essentially for cases where it is 

needed to say exactly which of a document are to be transformed by XSLT. XPath is designed to be used 

by both XSLT and XPointer which defines an addressing scheme for individual parts of an XML 

document. XPath has an extensible string-based syntax that describes the location path between parts of a 

document or documents using common path/file file system syntax. 

6.3 Tree and nodes 

A tree is a data structure composed of connected nodes beginning with a top node called the root. 

Therefore every well-formed XML document is a tree. The root is connected to its child nodes, each of 

which is connected to zero or more children of its own, and so forth. The most useful property of a tree is 

that each node and its children also form a tree. Thus, a tree is a hierarchical structure of trees in which 

each tree is built out of smaller trees. XSLT models an XML document as a tree that contains seven kinds 

of nodes: The root, Elements, Text, Attributes, Namespaces, Processing instructions, and Comments. The 

DTD and document type declaration are specifically not included in this tree (Evjenet, 2007). 

6.4 XSLT stylesheet 

An XSLT stylesheet is basically a set of rules expressed in Extensible Stylesheet Language for 

transforming XML documents. In case of data visualization, the role of XSLT stylesheet is to transform 

the XML data content into a presentation format such as HTML/XHTML, KML, XSL-FO, text or any 

other structured format. However, traditional stylesheets encode information about the appearance of text 

and the layout of content. But in the context of GIS, XML data found in GML has to be presented in a 

graphical format like Keyhole Markup Language which is an XML based language for describing 2D 

graphics. 

6.5 XSLT stylesheet structure and elements 

An XSLT stylesheet consists of a set of rules called templates. A template contains a set of template rules 

which has two parts; a pattern which is matched against nodes in the source tree and a template which can 

be instantiated to form part of the result tree. This allows a stylesheet to be applicable to a wide class of 

documents that have similar source tree structures. 

As any other XML documents, an XSLT stylesheet begins with an xml declaration. The next line is 

either <xsl:stylesheet> element or <xsl:transform> element which are completely 

synonymous defines the start of stylesheet and the root element and declares the document to be an XSLT 

stylesheet. This element must have a version attribute to indicate the version of XSLT in which the 

stylesheet is based. The XSLT namespace attribute is given by 

xmlns:xsl="http://www.w3.org/1999/XSL/Transform (by convention xsl prefix is used 

to map the XSLT namespace). The elements that occur as a child of an <xsl:stylesheet> element 

are called top level elements. The basic structure of a stylesheet is as follows. 

<?xml version="1.0" encoding="utf-8"?> 

<xsl:stylesheet  

    version="1.0" 

    xmlns:xsl="http://www.w3.org/1999/XSL/Transform"> 

    <!-- Templates go here --> 

</xsl:stylesheet> 

6.5.1 Templates 

Template rules defined by <xsl:template> elements are the most important part of an XSLT stylesheet. 

Each <xsl:template> element contains rules to apply when a specified node is matched in source 

document. These rules describe the contribution that the matched elements make to the output document. 
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The rules may contain both texts that will appear literally in the output document and XSLT instructions 

that copy from the input XML document to the result. 

Following template works on gml:Point nodes in the input document and extract the content of 

coordinates child node. It then creates a new <Point> element in output document with 

coordinates‟ contents. It uses another template to work on gml:Name node. 

<xsl:template match="gml:Point"> 

    <xsl:element name="Point"> 

        <xsl:element name="coordinates"> 

            <xsl:value-of select="." /> 

        </xsl:element> 

    </xsl:element> 

    <xsl:apply-templates select="gml:name" /> 

</xsl:template> 

The match attribute in <xsl:template> element specifies which node of the input document the 

template is instantiated for. It can also be used to define a template for a whole xml document. (i.e. 

match=”/” defined the whole document). When the XSLT processor reads the input document, the root 

is the first node it finds and then the rules match that root node are carried out. 

To get beyond the root, <xsl:apply-template> element have to be used. By including this 

element, the formatter is instructed to compare each child element of the matched source element against 

the templates in the stylesheet, and if a match is found, output the template for the matched node. The 

xsl:apply-template is supplied with select attribute to designate the children to be selected. 

6.5.2 Matching nodes 

The match attribute of the <xsl:template> element supports a complex syntax that allows to express 

exactly which nodes are needed and which are not needed to match. The match patterns enable to match 

nodes by element name, child elements, descendants, attributes, element id, comments, processing-

instruction, text, and or operator and, as well as by making simple tests on some of these items. 

6.5.3 Selecting nodes 

The select attribute is used in xsl:apply-templates, xsl:value-of, xsl:for-each, 

xsl:copy-of, xsl:variable, xsl:param and xsl:sort to specify exactly which nodes are 

operated on. The value of this attribute is an expression written in the XPath language. The XPath 

language provides a means of identifying a particular element, group of elements, text fragment, or other 

part of an XML document. 

The expressions are a superset of the match patterns mentioned above. They are not limited to 

specifying the children and descendants of the current node. XPath provides a number of axes that can be 

used to select from different parts of the tree relatives to some particular node in the tree called context 

node. In XSLT, the context node is normally initialized to the current node that the template matches, 

though there are ways to change this. Figure 6-1demonstrates the axes provided by XPath. 

6.5.4 Named templates 

The <xsl:template> element can have a name attribute by which it can be explicitly invoked, even 

when it isn‟t applied directly. Such templates are called named templates. Named templates are used to 

repeat a template rule inside other template rules and they enable to include data from the place where the 

template is applied. The <xsl:call-template> element is used to call a named template and the 

value of its name attribute provides the name of the named template. 

6.5.5 Content of output 

In an XML document transformation, it is often necessary to include new elements, attributes, processing 

instructions, comments, etc. in the output document in order to conform to a desired output structure. For 

instance, the output of an XSLT stylesheet designed to transform GML content into KML, should comply 
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with KML specifications. This is accomplished with the corresponding xsl elements such as 

xsl:element, xsl:attribute, xsl:processing-instruction, xsl:comment, and 

xsl:text elements and attribute value templates. 
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following-
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self
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Figure 6-1: Axes provided by XPath (Sun Microsystems, 1994) 

Attribute value templates copy data from the input document to attribute values in the output. The 

<xsl:element> element inserts an element into the output document. The name of the inserting 

element is given by the value of name attribute and the content by the content of the <xsl:element> 

element. The <xsl:attribute> element defines an attribute name and value and inserts them to the 

elements in output document. Therefore this must appears as a child of either an <xsl:element> or a 

literal element, before any other content in those elements. When the same group of attributes is applied 

in many different elements, such as an attribute set can be defined as a top level element with 

<xsl:attribute-set> and inserted wherever necessary with <xsl:use-attribute-sets>. 

The <xsl:processing-instruction> element places a processing instruction in the output 

document. The target of the processing instruction is specified by name attribute and the content of the 

output <xsl:processing-instruction> element become the contents of the processing 

instruction itself. The <xsl:comment> and <xsl:text> elements insert comments and text 

respectively to output document. 

6.5.6 Output methods 

Most of the XSLT processors support three types of output methods XML, HTML and Text. The XSLT 

processor behaves differently depending on which of these output methods stylesheet uses. The output 
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method is defined by the top-level <xsl:output> element and it‟s method attribute specifies the 

output method which is xml by default. It also has a number of attributes that allow changing the prolog, 

indenting, and CDATA sections in the output document as well. 

The following four attributes in <xsl:output> element format the XML declaration in the output 

document in case the output method is xml. The omit-xml-declaration attribute can have the 

value yes or no and when the value is yes, no xml declaration is included in the output document. At 

present, the default version of the XML declaration is 1.0 and it‟s the only value allowed. The version 

attribute of <xsl:output> element allows to change the version used in XML declaration accordingly 

in the future. The encoding attribute sets the encoding system in output document and its value can be 

any encoding name registered with the Internet Assigned Numbers Authority. The standalone 

attribute can set the standalone attribute and the value yes or no in xml declaration of the output 

document. 

The XSLT provides no elements for building an internal DTD subset for the output document. 

However, it provides two attributes of <xsl:output> element that can be used to include a DOCTYPE 

declaration that points to an external DTD. These are doctype-system and doctype-public. The 

first inserts a SYSTEM identifier for DTD and the second a PUBLIC identifier. 

The indent attribute of <xsl:output> element has two values yes and no. When the attribute has 

the value yes, then the processor is allowed to insert extra white space into the output to make the 

document printable and more readable. 

The standard XSLT does not allow inserting CDATA selections at arbitrary locations in XML 

documents produced by XSL transformations. However it can be specified that the text content of a 

particular element in input document to be placed as a CDATA section in output document by placing the 

name of the element whose text content should be wrapped in CDATA delimiters in the cdata-

section-elements attribute of the <xsl:output> element. For example <xsl:output 

cdata-section-element="SCRIPT" /> says that the content of the SCRIPT element in input 

document should be wrapped in a CDATA section in output document. 

The attribute media-type of <xsl:output> element specifies the MIME media type of the output 

document. Mostly this will have the value text/xsl, but could be text/html or text/plain for 

the HTML or text output methods. This is important to the environment in which the XML document 

exists, but not so to the XML document itself. 

6.6 Combining stylesheets 

XSLT provides two mechanisms to combine stylesheets; an inclusion mechanism that allows stylesheets 

to be combined without changing the semantics of the stylesheets being combined and an import 

mechanism that allows stylesheets to override each other. 

6.6.1 Importing 

The <xsl:import> element is a top level element whose href attribute provides the URI of a 

stylesheet to import. All <xsl:import> elements must appear before any other top-level element in 

the <xsl:stylesheet> root element. Rules in the imported stylesheet may conflict with rules in the 

importing stylesheet. If so, rules in the importing stylesheet take precedence. 

6.6.2 Inclusion 

The <xsl:include> is a top-level element that copies another stylesheet into the current stylesheet at 

the point where it occurs. Its href attribute provides the URI of the stylesheet to include. Unlike in 

above case, rules included by <xsl:include> elements have the same precedence in the including 

stylesheet. 
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6.7 Embedding stylesheets 

An XSLT stylesheet can directly be embedded in the XML document it applies to. In such a case, the 

<xsl:stylesheet> element must appear as a child of the XSLT document element, rather than a root 

element itself and have an id attribute giving it a unique name. This id attribute would appear as the 

value of href attribute in the xml-stylesheet processing instruction following the fragment 

identifier separator # in the XML document. 

<?xml version="1.0" encoding="UTF-8"?> 

<?xml-stylesheet type="text/xml" href="#mystyle"?> 

<Root_Element> 

 <xsl:stylesheet  

     version="1.0" 

     xmlns:xsl="http://www.w3.org/1999/XSL/Transform" 

     id="mystyle"> 

     <xsl:template match="/"> 

         <!-- Template content goes here --> 

     </xsl:template> 

     <!-- Other templates go here --> 

     <!-- Don‟t display the style sheet itself or its descendants --> 

     <xsl:template match="xsl:stylesheet"/> 

 </xsl:stylesheet> 

 <!-- Rest of xml data elements go here --> 

 ... 

</Root_Element> 

6.8 Creating an XSLT stylesheet 

An XSLT stylesheet must be a well-formed XML document and should comply with XSLT specification, 

which describes allowed syntax and vocabulary. The content of the stylesheet entirely depends on the 

input document structure (Schema) and the required output structure. The following general steps in 

XSLT stylesheet creation are based on the assumption that input is a GML document and output target is 

KML. 

1. XML declaration. 

<?xml version="1.0" encoding="utf-8"?> 

2. Root element of Stylesheet including version and namespace attributes (including all 

namespaces found in input document). 

<xsl:stylesheet  

 version="1.0"  

 xmlns:xsl="http://www.w3.org/1999/XSL/Transform"  

 xmlns:gml="http://www.opengis.net/gml" 

 xmlns:msxsl="urn:schemas-microsoft-com:xslt"  

 xmlns:ext="http://goutsidis.gr/extension"  

 exclude-result-prefixes="gml msxsl ext" 

> 

3. Declaring top-level elements. 

<xsl:output  

 method="xml"  

 version="1.0"  

 encoding="utf-8"  

 indent="yes"  

 media-type="application/vnd.google-earth.kml+xml" 

/> 

This stylesheet fragment outputs the following declarations in the output document. 

<?xml version="1.0" encoding="utf-8"?> 
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4. Template rule matching the root <gml:featureCollection> element of the input 

document. This may include many computations required to determine attribute values for the 

root element of the output document and other templates in the stylesheet. 

<xsl:template match="/gml:featureCollection"> 

5. Create Root element and connected attributes in output document. 

<xsl:element  

    name="kml"  

    namespace="http://earth.google.com/kml/2.2"> 
An example for the output of this stylesheet fragment is. 

<kml xmlns="http://earth.google.com/kml/2.2"> 

6. Create Top-level elements in output document. 

<xsl:element name="Document"> 

 <xsl:element name="Folder"> 

 <xsl:element name="name"> 

  <xsl:text>VisualHermes</xsl:text> 

 </xsl:element> 

 <xsl:element name="Style"> 

  <xsl:attribute name="id"> 

   <xsl:text>blueLine</xsl:text> 

  </xsl:attribute> 

  <xsl:element name="LineStyle"> 

   <xsl:element name="color"> 

    <xsl:text>ffff0000</xsl:text> 

   </xsl:element> 

   <xsl:element name="width"> 

    <xsl:text>3</xsl:text> 

   </xsl:element> 

  </xsl:element> 

 </xsl:element> 

It creates the following series of elements in the output document. 

<Document> 

  <Folder> 

    <name>VisualHermes</name> 

    <Style id="blueLine"> 

      <LineStyle> 

        <color>ffff0000</color> 

        <width>3</width> 

      </LineStyle> 

    </Style> 

7. Apply all the available templates, according to the elements, that can be found, that is matching, 

to the original document. 

<xsl:apply-templates /> 

For example, the following template is applied if a <gml:Point> element is present in the 

GML document. 

<xsl:template match="gml:Point"> 

 <xsl:element name="Point"> 

  <xsl:element name="coordinates"> 

   <xsl:value-of select="." /> 

  </xsl:element> 

 </xsl:element> 

</xsl:template> 

The output of such a template will be as below. 

<Point> 

    <coordinates> 

        23.86301,37.99958 
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    </coordinates> 

</Point> 

8. Close root element in output document. 

</xsl:element> 

9. Close Template rule matching root element of the input document. 

</xsl:template> 

For the current thesis‟ needs, there are more templates implemented in the corresponding XSLT 

instructions file. Furthermore, a series of custom C# functions had to be implemented, for the 

transformations to be accomplished. 

6.9 XSLT processors 

In order to perform the transformations in an XSLT stylesheet, another software program called XSLT 

processor has to be employed, because the source XML document and the stylesheet both are plain text 

documents. XSLT processor takes as input an XML document and style sheet to convert the XML 

document to whatever XML, HTML or Text format. In the transformation, the processor walks through 

the XML document tree, looking at each node in turn, compares it with the pattern of each template rule 

in the style sheet. When the processor finds a node that matches a template rule‟s pattern, it outputs the 

rule‟s template. At present, many XSLT processors, which conform to XSLT 1.0 specification, have been 

developed, and Instant SAXON (Kay, 2002) and XMLSpy (Altova, 2005) are among them. Among them, 

it is possible for a developer to create a custom processor using known development environments such 

as Java (Sun Microsystems, 1994), Microsoft .NET Framework (Microsoft Corporation, 2008) etc. 

6.10 Conclusion 

XML content can be presented in many ways. Extensible Stylesheet Language Transformation is the 

W3C specification for reformatting XML documents. XSLT stylesheet consisting transformation rules in 

templates accomplishes this transformation through an XSLT processor. GML data can be transformed 

into KML by this method. The structure of the XSLT stylesheet entirely depends on the structure of input 

and output documents. 
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7 VisualHERMES Wrapper 

7.1 Introduction 

In previous chapters, the XML-based open standards that are used to model geographic information and 

transforming them into visualizations were discussed. This chapter covers the implementation phase of 

the VisualHERMES wrapper, whose main purpose is to transform relational data (coming from 

HERMES) into GML and vice versa and in a final stage to produce the corresponding KML files via 

XSLT rules. 

First, the set of requirements is discussed. Following, is a general description of the overall system as 

well as a more in depth discussion about the components the system is comprised of. Then the processing 

of an XSLT stylesheet through a XSLT processor is described. Finally, the process of GML queries is 

adduced, as far as the validation and parsing of them are concerned. Problems and limitations encountered 

during the implementation are discussed. In this chapter the basic skeletons of all the available files are 

provided. For more information on a real data set and produced files as well, consult the corresponding 

Case Study chapter. 

7.2 Requirements 

The standardization of data exchanged between different parts of the system, is made with the use of 

GML standard, given the fact that is geographic information. GML is an XML standard formatting of 

data, which allows the transfer and storage of geographic information, including both spatial and time 

elements of geographical entities, as well as handling for moving objects. The GML standard is designed 

to support the maximum cross-functional available and this is achieved through the provision of basic 

geometric labels (all systems that support GML standard, use the same geometric labels), a common data 

model (entities and properties) and a mechanism for creating and sharing schemes applications 

(application schemas); thus enabling the modeling of the semantics of spatial and temporal information. 

The interoperability supported by the intermediate level manipulation of data to and from the 

trajectory DBMS, is completed around providing a shape (schema), with which both incoming and 

outgoing data is required to comply. At the level of development, this translates to distinguish the 

operation of the intermediate level in two parts: 

1. Data, from which queries are comprised of and which in turn have to be executed from the 

DBMS, must: 

 Comply with the provided schema (GML Schema), 

 Be valid as far as semantics is concerned and 

 Be transformed into SQL clauses 

so as their execution to be successful and 

2. Data, from which the results produced by queries‟ execution, are comprised of must: 

 Be transformed according to the provided, by the intermediate level, schema 

so as a client can apply any further analysis procedures to a dataset, which meets a well known 

and commonly accepted format (Figure 7-1). 

Finally, for the results‟ visualization process and the presentation of them via third-party vendor 

engines (such as Google Earth/Maps) to be accomplished, it is essential to apply a valid transformation, 

so as the engines mentioned above, to be able to handle the incoming data. In the current thesis, results 

have to be transformed using the KML specification. Since both GML and KML data are based on the 

more general XML data tagging technology, this transformation can be accomplished via XSLT 

transformation rules (Figure 7-2). 

Of course, all the operations mentioned above, from a development perspective, can be integrated 

under a web application. This application can provide a user with a simple and intuitive working 

environment, in which someone can construct and send queries, as well as retrieve the corresponding 

GML results and the visualized KML data, via a web browser, like Microsoft Internet Explorer, Mozilla 

Firefox etc. In this way, system‟s intrinsic operations are encapsulated, making the user capable to use the 

system without even being aware of SQL. 
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Figure 7-1: GML query and SQL result 
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As far as the queries‟ construction and sending are concerned, there are three possible ways available 

to the user: 

1. Manually construct a SQL query 

2. Automatic query construction through a bunch of selections on the appropriate option fields and 

3. GML file upload, which meets the predefined schema and contains all the appropriate 

information. 

GML Transformation

HERMES

SQL Data

KML Transformation

XSLT 

Rules

 
Figure 7-2: KML result 

The available results a user is able to receive after a successful query‟s execution, using any of the 

above methods, are the following: 

1. GML results file: User receives a hyperlink, through which she can download the final result, in 

her local computer and 
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2. KML results file: User receives a second hyperlink, which navigates her to another web page of 

the application. From there, the user can view the final result visualized on a map, using Google 

Maps (Google Maps, 2008) and/or Google Earth (Google Earth, 2008). 

7.3 Design 

The effort of extending HERMES‟s interoperability, led to a new tool-application, namely 

VisualHERMES. This tool is able to be installed and operate without the need of any modifications to the 

current system (Figure 7-3). In other words, VisualHERMES is an alternative interface to the current 

system, providing features such as results retrieval based on GML specification. It is able to visualize 

these results via Google‟s Maps/Earth engines too. 

Trajectory warehouse

trajectory 
data cube

HERMES
Moving
Object

Database

VisualHERMES
Other software for 

accessing geographic data

User 1 User 2 User 3

 
Figure 7-3: VisualHERMES as an alternative interface 

7.3.1 Application architecture 

VisualHERMES is based on the 3-tier architecture, for application development, strategy. The selected 

approach gives the system great capabilities for future extensions. Furthermore, any changes can be 

targeted to a specific layer, leaving the rest of the overall system intact. Another powerful advantage, the 

selected approach provides to the system, is that all levels are completely isolated from each other. That 

is, any layer can completely be replaced with a new and possible better one, without requiring any further 

modifications (Figure 7-4). 

Each level‟s development, except the presentation‟s one, follows the Dynamic Linked Libraries 

(DLL) guidelines of Windows operating systems. This approach provides one more advantage to the 

overall system, as in this way, the presentation layer is loosely-coupled with the other two layers. Thus, 

other types of applications can be developed, such as desktop applications, Personal Digital Assistant 

device (PDA) applications
1
, Web Services etc., which will be able to provide the same functionality, as 

the current wrapper does, although they will target to different platforms or even devices. 

7.3.2 Data Access Layer 

Data Access Layer (DAL) is responsible for accomplishing all the required operations for connecting the 

wrapper to the database and handling the SQL queries and results as well. In this application‟s layer, two 

important operations take place: 

                                                           
1
 Consult Open issues (Section 9.1). 
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1. Sending users‟ SQL queries to HERMES and 

2. Getting the primitive results from HERMES‟s responses. 

Data Access Layer

SQL

GML

Data 

Table

GML/

KML

Presentation Layer

(Web Application)

User

Data Provider

HERMES

XSD XSLT

VisualHERMES

Business Logic Layer

Parser Wrapper

(Web browser)

 
Figure 7-4: VisualHERMES 3-tier architecture 

It is conceivable, that for the current layer to be able to communicate with HERMES system, it has 

first to establish the corresponding connection. Such an operation is accomplished by this layer using an 

appropriate data provider. 

As far as the primitive results are concerned, it has to be mentioned that the wrapper receives moving 

object trajectories data from a semantic perspective. These trajectories are composed of two core 

components; the geographic coordinates and the time interval during which censure was made. 

Furthermore, we have to notice, that since these information are about trajectories the presence of a pair 

of points is required. That is, we need a point and the corresponding timestamp for the moving object‟s 

start and another point and timestamp for the stop. Based on the above, the wrapper gets a response with 

data, which meet the following pattern: 

(X1,  Y1) – (X2,  Y2) # TimeStamp1 – TimeStamp2  

Each response‟s result set may contain multiple pairs for each moving object; in this way a stream of 

subsequent points and timestamps is constructed. 

The SQL queries the wrapper can send to HERMES are typical queries, based on the SQL grammar 

specification for building queries. They are able to make use of any spatial and/or temporal operators 

available for representing the desired query. Some of these operators are provided by Oracle‟s Spatial 

package itself and some others by HERMES extension. The wrapper makes simple use of these operators, 

without any applying further modifications on them. 

Furthermore, DAL is responsible for converting primitive data into structures capable for being 

processed by the next layer. In this way, the loosely-coupling between these two layers is achieved. In 

other words, the current layer can produce the desired results in any way it wants. The only constraint is 

that is always has to end up with the same structures. 
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For the wrapper to be as flexible as possible, DAL does not make use (from the actual code 

perspective) of any specific data provider. In contrast, we have used generic code, which is able to adapt 

itself to any possible provider. This provider-agnostic pattern makes this layer more adaptive and 

interoperable than using any other design practice. The required data provider is declared via an external 

configuration file. 

7.3.3 Business Logic Layer 

The Business Logic Layer (BLL) is in charge of modeling the primitive data, received from DAL, to 

business objects, capable to pass through the required transformations, so as to become proper for the 

final results construction. Furthermore, in this layer the GML queries‟ transformation into SQL clauses is 

accomplished. After that, the transformed SQL query is able to be sent to DAL for its final execution 

(Figure 7-5). 

Business Logic Layer

Presentation Layer

Data Access Layer

SQL

GML

SQL

GML/

KML

 
Figure 7-5: Business Logic Layer double role 

For the overall system‟s needs, we have implanted two core business objects (in the nature of classes). 

If combined together, it is possible to achieve the required trajectories‟ representation for our moving 

objects. These are the following: 

1. Point and 

2. Trajectory 

Each point has a series of characteristics (attributes) defining it, which are as follows: 

1. Geographic coordinates and 

2. Timestamp 

Consider a single point object with longitude (X) 23.54 and latitude (Y) 37.43 marked at 5:00 pm on 

June 15, 2008. This point is represented as: 

(23.54, 37.43) # 2008/06/15 17:00:00 

In a similar manner, a set of such points is able to represent a moving object‟s trajectory with the 

following characteristics: 

1. Moving object‟s ID, 

2. Moving object trajectory‟s ID and 

3. The points set, the trajectory is comprised of. 

For example, consider the single point presented above as a starting point of a trajectory and a second 

similar point with longitude 23.67 and latitude 37.5 marked at 5:15 pm on June 15, 2008. These two 

points comprise a single trajectory object with ID 6 of a moving object with ID of 0420 represented as: 

0420, 6, (23.54, 37.43) – (23.67, 37.5) # 2008/06/15 17:00:00 – 

2008/06/15 17:15:00 

From the above it is conceivable that a trajectory object can be comprised of several starting and 

stopping points. 

Using the already implemented functions from BLL, it is possible to transform these objects into files, 

the contents of which meet the GML and KML specifications. 
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As mentioned above, the layer‟s main role is double (Figure 7-5); it formats the results and transforms 

GML queries into SQL clauses. For the GML-to-KML transformation‟s needs, we have implemented a set 

of additional business objects, in the nature of classes as well, making SQL queries‟ representation 

possible, as well as an intuitive type of query. The implemented classes are: 

1. QueryType: The query‟s type literal identification (i.e. Trajectory, Spatial, Temporal etc.), 

2. TimePoint: Represents a timestamp, 

3. TemporalWindow: Represents a time window, comprised of two TimePoints 

4. SpatialWindow: Represents a geographic rectangle, composed of two Points; these points 

represent the upper-right and lower-left corners respectively and 

5. Query: Represents the clauses appearing in a SQL query such as type of query, object‟s ID, 

trajectory‟s ID, temporal window etc. 

A combination of the query‟s type along with the additional clauses of it makes the application able to 

build the appropriate SQL query, via a set of already implemented functions. The final step involves the 

DAL, through which the newly built query is sent to HERMES. 

7.3.4 Presentation Layer 

As mentioned above, we are able to use different applications, platforms or even devices to access 

VisualHERMES wrapper. In this way a user is provided with an integrated working environment, through 

which she is able to send queries and receive results as well. For this reason, a web application based on 

Microsoft‟s ASP.NET (Microsoft ASP.NET, 2008) technology, has been implemented. This interface 

provides the user the ability to connect to the available services using a simple web browser (i.e. Internet 

Explorer, Mozilla Firefox etc.). No further plug-ins or custom software is required. 

7.4 Application modules 

Below, we present with the modules which compose each system‟s layer. Figure 7-6 depicts the business 

objects which live in our system.  

 
Figure 7-6: Business objects class diagram 

As mentioned previously in this chapter, Point entity is the core component for representing our 

data. Each Point instance is comprised of a pair of numbers, representing the corresponding latitude and 

longitude of this point, along with a timestamp, representing the exact time point. 
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A list of several Point instances composes the MapPath element of Trajectory entity. Each 

Trajectory instance is accompanied with an ObjectID and a TrajectoryID; these elements‟ 

values are retrieved from the database and are used for providing extra information when a final object‟s 

trajectory is projected, via Google Maps/Earth. 

Two Point instances are used to model the corners‟ coordinates of a spatial window. A 

SpatialWindow instance is then used as a parameter to a Query instance, representing the upper right 

and lower left corners of this rectangle. 

The TimePoint entity is used for representing a specific timestamp. It is comprised of several 

elements, assisting the representation of Year, Month, Day, Hour, Minute and Second concepts. In 

turn, two TimePoint instance are used to model a TemporalWindow, in the nature of a time interval 

(start and stop). This TemporalWindow instance is then may be used by a Query instance as a 

parameter. 

A Query entity is defined, representing the actual query, which is going to be sent to the database, 

after the necessary conversions are applied. The respective elements represent the actual query values are 

going to be used. 

The type of the query is going to be sent is determined by a QueryType instance. It is mainly used 

by the BLL. 

DAL‟s entities (classes) are characterized as dummy. That is, they do not provide any methods for 

changing an instance‟s state (fields‟ values). Any processing of the state is accomplished in BLL. 

The Business Logic Layer (BLL), owns a series of entities, presented in Figure 7-7, accommodating 

business objects states‟ modifications. In other words, in this layer someone can get all the methods, 

through which an instance‟s state can be changed. 

GML Query

File

Trajectory 

Object

Query

Object

SQL Query

New 

Trajectory 

Object

 
Figure 7-7: Business logic layer class diagram 

The above is by no means a strict class diagram. Additional entities (surrounded by dashed lines) have 

been inserted, so as to provide an insight about which business objects are affected by BLL‟s methods. 

The Parser entity is used to provide both validation for a GML query file, and values‟ extraction. 

This composes a Query instance, which is transformed into a SQL query, via the QueryManager 
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entity. When a Trajectory object is instantiated, its coordinate values have to be converted, consulting 

the SRIDReader‟s functionality. 

Finally, using TrajectoryManager‟s methods, a Trajectory instance is able to be persistently 

stored into a GML/KML file. 

The Data Access Layer (DAL), which is presented in Figure 7-8, provides all the functionality 

required for the wrapper to be able to communicate with the database. That is, a DBManager instance is 

able to handle the connection process to the database, a query‟s mission and any results‟ retrieval via its 

Connection, Query and DataTables elements respectively. 

 
Figure 7-8: Data access layer class diagram 

7.5 Data flow 

Following is the corresponding data flow diagram. In this case, a user sends to VisualHERMES a GML 

query file and receives her results.  
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Figure 7-9: VisualHERMES data flow diagram 
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Figure 7-9 depicts a series of steps taking place, when a user poses a query to the system. Starting 

from the upper left corner of the figure, a user uploads a GML file, which represents a query. The system 

processes the uploaded file to validate it against the predefined schema (consult Appendix A) and if the 

file is not valid it returns to the first step, urging the user to correct the file. If the uploaded file is valid, 

the system parses it in order to extract the required values. In the next step the just extracted values are 

used to construct the appropriate SQL query, which is sent to HERMES system for execution. After 

execution is completed, results are returned to VisualHERMES, which is responsible to inform the user. 

If no results are returned, the overall process reaches the end. On the contrary, if VisualHERMES has 

results for presentation at its disposal, the process of creating the corresponding trajectories initiates; this 

process is the transformation of raw data into trajectory business objects. The next step is the construction 

of the final GML file. This file is then transformed into a KML file. This transformation is accomplished 

via an external formatting rules file (consult Appendix B). When the two final files‟ construction is 

completed, VisualHERMES informs end-user about the produced results. This is the final step of the 

overall procedure. 

7.6 Development environment 

VisualHERMES wrapper has been developed using Microsoft C# 2.0 programming language via 

Microsoft Visual Studio 2008 Integrated Development Environment, in its overall. As a consequence, 

Microsoft .NET Framework 2.0 must be installed, for the application to be able to run on a computer. 

7.7 Access to data 

Microsoft .NET Framework provides its own data access technology, named ADO.NET. ADO.NET is 

comprised of several core components (classes), accommodating .NET applications to connect to 

different data sources (usually relational and object-relational DBMSs), execute queries and process 

retrieved results. 

The corner stone for the wrapper to be able to connect to HERMES is the use of and appropriate data 

provider, accomplishing all the intrinsic processes. Thus, VisualHERMES connects to the DBMS, sends 

queries and receives the corresponding results (Figure 7-10). 

.NET application

Data Provider

HERMES

 
Figure 7-10: Data providers 

.NET Framework provides several data providers, depending on the data source an application needs 

to connect to. In VisualHERMES case, the need is to connect to an Oracle DBMS, so the alternatives are 

the following: 

1. .NET Framework Data Provider for OLE DB, 

2. .NET Framework Data Provider for ODBC, 

3. .NET Framework Data Provider for Oracle and 

4. Oracle Data Provider for .NET Framework 

From the providers above, the first two are generic approaches, covering a wide variety of DBMSs 

(and not only); thus the do not provide optimized functions for the connection process. .NET 

Framework‟s provider for Oracle is an optimized alternative for our wrapper‟s needs and finally, Oracle‟s 
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provider is the best approach we have at our disposal. VisualHERMES makes use of the forth option, 

Oracle‟s data provider. 

Data handling occurs in a disconnected nature. That is, the application builds a SQL query, via either 

users‟ selections or a GML query file, sends it to the DBMS and after receiving the results, it terminates 

the connection. From now on, data are locally stored in out application‟s domain for further processing in 

the nature of a DataTable object, leaving the original data source disengaged (Figure 7-11). 

.NET application

DataTable

Data Provider

HERMES

Locally stored 

dataset

 
Figure 7-11: Disconnected DB access architecture 

7.8 Implementation 

To make VisualHERMES wrapper as user-friendly as possible, a web interface (application) has been 

implemented, through which a user can build the desired queries. The transformation process includes 

both the GML and KML files, which contain the formatted data. All a user must have is a web browsing 

application. The prototype has already been tested with Internet Explorer (Microsoft Corp.), Firefox 

(Mozilla Foundation) and Safari (Apple). Chances are that this application is compatible with almost any 

browser available in the market today, although it has not been tested. As a final note, the client‟s 

operating system or device does not affect user‟s experience (Figure 7-12). 

 
Figure 7-12: VisualHERMES query screen 



Ioannis S. Gkoutsidis MSc Thesis 

Trajectory Data Visualization: The VisualHERMES Tool 61 

7.8.1 System logon 

The first time a user accesses wrapper‟s web interface, she is presented with the following logon screen 

(Figure 7-13): 

 
Figure 7-13: VisualHERMES logon screen 

VisualHERMES is able to connect to several HERMES instances. Thus, via this option panel, a user 

is able to select the desired database. 

From an administrative perspective, the wrapper retains a configuration file (web.config), which is 

placed in application‟s root directory. An administrator can edit this XML-based file so as to modify 

several aspects of the application, including the available databases. A typical file‟s contents can be as the 

following: 

<?xml version="1.0"?> 

<configuration> 

 <!-- In this area we define the appropriate connection strings --> 

  <connectionStrings> 

   <add name="OfficialHERMES"  

        connectionString="{HOST, PORT, SERVICE_NAME, USER_ID etc.}"  

        providerName="Oracle.DataAccess.Client" /> 

   <add name="ExperimentalHERMES" 

        connectionString="{HOST, PORT, SERVICE_NAME, USER_ID etc.}"  

        providerName="System.Data.OracleClient" /> 

</connectionStrings> 

... 

</configuration> 

The file above provides the administrator with a human-readable set of directives. Each <add> 

element represents an HERMES‟s instance with the corresponding connection information. Thus, an 

administrator is able to add as many records she wants and the wrapper‟s logon screen will fetch all of 

them on a user‟s first connection. 

7.8.2 Query building 

From the application‟s query screen, a user can choose the way she is going to build the query. The 

alternatives she has at her disposal are as follows: 

1. Build the SQL query manually in the Query field, 

2. Choose one of the predefined query types in the Query Type field or 

3. Upload a GML query file, containing all the required information needed for query‟s 

construction. 

Thus, users have the ability to build their queries using any technique there are more familiar with. 

For example, a user does not have to know anything about SQL or GML. She only has to provide the 

required values and get the results. A user who is familiar with GML syntax can construct her query file 

(using a text editor) without being aware of the various spatio-temporal operators HERMES provides. 
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Finally, a user who has been working with HERMES for some time can construct a query using straight 

SQL syntax. This method reveals a more flexible schema is which she is able to override the predefined 

query types and get results based on more sophisticated queries. 

If the user selects the NotSet query type, she is presented with an empty text area. Therein, she is 

able to type any valid SQL query, which is then passed to HERMES via VisualHERMES wrapper. At this 

point, it has to be mentioned that there is a specific constraint; that is, the SQL query must request three 

specific fields from the database. These fields are the moving object‟s ID (OBJECT_ID), the moving 

object trajectory‟s ID (TRAJ_ID) and of course the actual trajectory field (MPOINT), with the remark of 

trajectory. Thus, a typical query that could be provided in this area is the following. 

SELECT  

 a.object_id,  

 a.traj_id,  

 a.mpoint.to_clob() AS trajectory 

FROM  

 mpoints a 

WHERE  

 a.object_id = {Object ID} 

 AND  

 a.traj_id = {Trajectory ID} 

The use of to_clob() function, is discussed later in this chapter. 

In the case, a user selects one of the predefined query types, she is provided with several fields that 

must be filled, so the system becomes able to get the required information for building the query. Each 

option leads to different fields, as described below. 

The trajectory query type causes the system to return a specific trajectory, identified by an object ID 

and a trajectory ID. Thus, it is required from the user to specify the just mentioned values. The equivalent 

SQL query is as follows. 

SELECT  

 a.object_id,  

 a.traj_id,  

 a.mpoint.to_clob() AS trajectory 

FROM  

 mpoints a 

WHERE  

 a.object_id = {Object ID}  

 AND  

 a.traj_id = {Trajectory ID} 

In the case of spatial intersection query type the returned trajectory is restricted inside a given 

geometry. The user is required to provide both object‟s and trajectory‟s IDs, as well as a pair of 

coordinates representing the upper right and the lower left corners of a geographic rectangle. Although 

HERMES is able to handle any polygonal region, VisualHERMES is restricted to rectangles. The 

required Oracle‟s Spatial operators are SDO_GEOMETRY and F_INTERSECTION. The equivalent SQL 

query is the following. 

SELECT  

    a.object_id,  

    a.traj_id,  

    a.mpoint.f_intersection 

    ( 

        MDSYS.SDO_GEOMETRY 

        ( 

            2003,  

            NULL,  

            NULL,  

            MDSYS.SDO_ELEM_INFO_ARRAY 

            ( 

                1, 

                1003, 
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                3 

            ),  

            MDSYS.SDO_ORDINATE_ARRAY 

            ( 

                {Upper Right Longitude},{Upper Right Latitude},  

                {Lower Left Longitude},{Lower Left Latitude} 

            ) 

        ), 0.001 

    ).to_clob() AS trajectory  

FROM  

    mpoints a  

WHERE  

    a.object_id = {Object ID}  

    AND  

    a.traj_id = {Trajectory ID} 

The f_intersection object method returns either a geometry object that is the topological 

intersection (AND operation)  of  the  two  associated  moving  types  projected  at  a  user-defined  time  

point  or  a moving object whose mapping  at  each  instant  represents  a geometry  that  is  the outcome 

of  this  set operation.  Invoking  f_intersection  method  for  the  simplest  moving  object,  as  one 

would  expect,  the  result  of  this  operation  is  the  projection  of  itself  on  the  spatial  domain  at time 

instants that intersects with other moving types or static geometries and null at time instants where it is 

not on the boundary or the interior of linestrings and polygons or it coincides with none of  the 

points  in a collection of  them. Figure 7-14 below depicts the instantiation of a moving object modeling 

the intersection of a Moving_LineString with a polygon, at three different time points t1, t2, and t3 

(Marketos, et al., 2008). 

   

time
t1 t2 t3

Intersection Moving LineString Polygon boundaries

 
Figure 7-14: HERMES intersection operation 

The temporal intersection query type, returns a trajectory restricted inside a given time period, which 

is specified by a TAU_TLL‟s D_Period_Sec object type as a parameter to the at_period 

HERMES‟s operator. Beside object‟s and trajectory‟s IDs, the user has to provide values for two time 

points, representing the corresponding start and stop timestamps. This query type produces the following 

SQL code. 

SELECT  

 a.object_id,  

 a.traj_id,  

 a.mpoint.at_period 

 ( 

  tau_tll.d_period _sec  

  ( 

   tau_tll.D_Timepoint_Sec 

   ( 

    {Start Timestamp} 

   ),  

   tau_tll.D_ Timepoint_Sec 

   ( 

    {Stop Timestamp} 

   ) 

  ) 

 ).to_clob() AS trajectory  
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FROM  

 mpoints a  

WHERE  

 a.object_id={Object ID}  

 AND  

 a.traj_id={Trajectory ID} 

The at_period object method is an operation that restricts the moving object to the temporal 

domain. In other words, by using  this  function  the user can delimit the  time  period  that  is meaningful  

to  ask  the  projection  of  the moving  object  to  the  spatial  domain. More  specifically,  the  time  

period  passed  as  argument  to  the  method  is  compared  with  all D_Period_Sec  objects  that  

characterize  the  unit  moving  objects.  If  the  parameter  period  does  not overlap with  the compared 

period  then  the corresponding unit  type  is omitted.  If it overlaps, then the time period that defines a 

unit-moving object becomes its intersection with the given period (Pelekis, et al., 2006). 

The average speed query type is more general than the ones mentioned above, due to the fact that is 

does not require from the user to provide object‟s and trajectory‟s IDs. Thus, it returns all those 

trajectories, for which the corresponding moving objects has an average speed inside the range provided. 

So, a user must declare a lower and an upper speed threshold. HERMES‟s f_avg_speed() function is 

used from our wrapper behind the scenes and more specifically avg_speed measure. The equivalent query 

produced is the following: 

SELECT  

 a.object_id,  

 a.traj_id,  

 a.mpoint.to_clob() as trajectory  

FROM  

 mpoints a  

WHERE  

 a.mpoint.f_avg_speed()  

 BETWEEN  

  {Lower Bound Speed}  

 AND  

  {Upper Bound Speed} 

The  f_avg_speed()  measure  is  calculated  by dividing  the  auxiliary  measure  

sum_speed()  (i.e.  The sum of the speeds of each trajectory portion TP inside a given base cell bc) 

with count_trajectories (Marketos, et al., 2008): 

𝐴𝑉𝐺_𝑆𝑃𝐸𝐸𝐷(𝑏𝑐) =
SUM_SPEED(bc)

COUNT_TRAJECTORIES(bc)
 

Where, 

𝑆𝑈𝑀_𝑆𝑃𝐸𝐸𝐷(𝑏𝑐) =  
len(TPi)

lifespan(TPi)
TPi  ⊆bc

 

If a user selects to upload her query via a GML file, she will be presented with a file path field, in 

which she must provide an appropriate file‟s path as it is represented in her local computer. 

This file‟s contents must first meet XML‟s grammar specification. For an uploaded file to be able to 

be parsed by VisualHERMES there is a second validation level against a predefined schema. This schema 

defines the accepted tags a file can have. In other words, it acts as a dictionary for the query file‟s 

contents. The uploaded file can be parsed by the wrapper if and only if it has no spelling mistakes, meets 

the XML grammar rules and uses the accepted directives. 

As an example, the following listing is a sample query file, which is equivalent to the trajectory query 

described previously. 

<?xml version="1.0" encoding="utf-8" ?> 

<!-- This is a Trajectory Query --> 

<query queryType="Trajectory"> 

 <trajectory> 

  <objectID>{Object ID}</objectID> 

  <trajectoryID>{Trajectory ID}</trajectoryID> 



Ioannis S. Gkoutsidis MSc Thesis 

Trajectory Data Visualization: The VisualHERMES Tool 65 

 </trajectory> 

</query> 

In correspondence with the available SQL queries discussed above, the following are the equivalent 

GML queries, VisualHERMES is able to process. 

A Spatial Intersection query is as follows. 

<?xml version="1.0" encoding="utf-8" ?> 

<!-- This is a Spatial Intersection Query --> 

<query queryType="Spatial"> 

    <trajectory> 

        <objectID>{Object ID}</objectID> 

        <trajectoryID>{Trajectory ID}</trajectoryID> 

    </trajectory> 

    <spatial> 

        <polygon> 

            <exterior> 

                <linearRing> 

                    <posList> 

                       {Upper Right Longitude} {Upper Right Latitude} 

                       {Lower Left Longitude} {Lower Left Latitude} 

                    </posList> 

                </linearRing> 

            </exterior> 

        </polygon> 

    </spatial> 

</query> 

A Temporal Intersection query is as follows. 

<?xml version="1.0" encoding="utf-8" ?> 

<!-- This is a Temporal Intersection Query --> 

<query queryType="Temporal"> 

 

    <trajectory> 

        <objectID>{Object ID}</objectID> 

        <trajectoryID>{Trajectory ID}</trajectoryID> 

    </trajectory> 

    <temporal> 

        <timePeriod> 

            <begin>{Start Timestamp}</begin> 

            <end>{Stop Timestamp}</end> 

        </timePeriod> 

    </temporal> 

 

</query> 

An Average Speed query is as follows. 

<?xml version="1.0" encoding="utf-8" ?> 

<!-- This is an Average Speed Query --> 

<query queryType="Speed"> 

    <avgspeed> 

        <lBoundSpeed>{Lower Bound Speed}</lBoundSpeed> 

        <uBoundSpeed>{Upper Bound Speed}</uBoundSpeed> 

    </avgspeed> 

</query> 

At this point, it has to be mentioned that none of the above uploaded query files is saved permanently 

on the server (possibly on a hard disk drive). Any file‟s process occurs on the fly, that is while the file‟s 

contents are on server‟s main memory. When the process is finished, the file is disposed. 

No matter what query method is selected by a user, it is required from the latter to provide the right 

Spatial Reference IDentifier (SRID). This code identifies the coordinate system in which data belong. 
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This declaration is very important, due to that both GML and KML specifications require data being in 

the WGS84 (OGP, 2008) reference system (Latitude/Longitude). By specifying the original spatial 

reference system, VisualHERMES is able to achieve correct data conversion between these two reference 

systems and finally produce the appropriate files with the correct coordinates in them. All declarations 

and IDs required by the system are based on codification provided by the OGP Surveying and Positioning 

Committee, also known as European Petroleum Survey Group – EPSG (EPSG, 2008). 

As mentioned above, an uploaded query file has to meet both XML‟s and a predefined GML-based 

schema‟s specifications. As far as the latter is concerned, below are the constraints introduced are as 

follows. 

1. The query‟s type declaration is mandatory as an attribute, inside the file‟s first element 

(NotSet, Trajectory, Spatial, Temporal, AverageSpeed), 

2. The moving object‟s ID must be defined inside <objectID> element, 

3. The moving object trajectory‟s ID must be defined inside <trajectoryID> element, 

4. If the query is of Spatial type, the spatial window must be provided inside the <posList> 

element in the following formation: 

{Upper Right Longitude}<space> 

{Upper Right Latitude}<space> 

{Lower Left Longitude}<space> 

{Lower Left Latitude} 

This is a core element of a complex type, named <polygon>/<exterior>/ 

<linearRing>/<posList>, 

5. If the query is of Temporal type, the temporal window must be defined inside the <begin> and 

<end> elements respectively, meeting the following notation: 

{Year/Month/DayTHour:Minute.Second} 

These are core elements belonging to a complex type <timePeriod>/<begin> and 

<timePeriod>/<end>, 

6. If the query is of type Speed, the appropriate threshold must be defined inside the 

<lBoundSpeed> and <uBoundSpeed> elements respectively, which compose the complex 

type <avgspeed>/<lBoundSpeed> and <avgspeed>/<uBoundSpeed> and 

As in any SQL query, a user is able to make use of any combination of the above elements. The 

constraints applicable in this case are as follows. 

1. The queryType attribute has to be set as NotSet and 

2. An additional complex type named complex has to bound the respective complex types. 

As an example, a user can create the following GML query file. 

<?xml version="1.0" encoding="utf-8" ?> 

<query queryType="NotSet"> 

 <complex> 

  <temporal> 

   <timePeriod> 

    <begin>{Start Timestamp}</begin> 

    <end>{Stop Timestamp}</end> 

   </timePeriod> 

  </temporal> 

  <avgspeed> 

   <lBoundSpeed>{Lower Bound Speed}</lBoundSpeed> 

   <uBoundSpeed>{Upper Bound Speed}</uBoundSpeed> 

  </avgspeed> 

</complex> 

</query> 

This produces the following equivalent SQL query, via the wrapper. 

SELECT  

 a.object_id,  

 a.traj_id,  
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 a.mpoint.at_period 

 ( 

  tau_tll.d_period_sec 

  ( 

   tau_tll.D_Timepoint_Sec 

   ( 

    {Start Timestamp} 

   ),  

   tau_tll.D_Timepoint_Sec 

   ( 

    {Stop Timestamp} 

   ) 

  ) 

 ).to_clob() AS trajectory  

FROM  

 mpoints a  

WHERE  

 a.mpoint.f_avg_speed()  

 BETWEEN  

  {Lower Bound Speed}  

 AND  

  {Upper Bound Speed} 

The GML schema‟s for query files full specification listing is provided in Appendix A. 

A file meeting these specifications is characterized as valid and is able to be processed by the system. 

VisualHERMES is able to build the appropriate SQL query using the already implemented parser, which 

is in charge of searching specific data formatting tags. In contrast, if the uploaded file is invalid, the user 

gets all the appropriate information about the errors occurred and she is able to re-upload a newer (and 

possibly revised) version of the query file. 

7.8.3 Results construction 

HERMES is able to respond to spatio-temporal queries, for moving objects. After a valid query‟s 

execution, the system is able to return the corresponding results to VisualHERMES and to be more 

precise, to the wrapper‟s DAL. Returned data are based on a predefined format, as follows. 

{(X1,  Y1) – (X2,  Y2) # TimeStamp1 – TimeStamp2(X3,  Y3) – (X4,  Y4) # 

TimeStamp3 – TimeStamp4…} 

It has to be mentioned, that the data formation above is not best suited for the wrapper‟s needs; as a 

result, the latter has to re-format the results in a more convenient, tabular, structure. Thus, the first 

formatting process of the primitive data has to do with the flattening of them in discrete values, based on 

the following pattern: 

X1 Y1 TimeStamp1 

X2 Y2 TimeStamp2 

X3 Y3 TimeStamp3 

X4 Y4 TimeStamp4 

… … … 

This flattening procedure makes use of regular expressions in a programmatic level, giving the 

wrapper the ability to search and consequently match specific character patterns, separating the individual 

entities. 

After this step, data are transferred to BLL, so more transformations to be applied on them. Thus, we 

end up having a set of points and timestamps at our disposal. This transformation is critical, so the system 

to be able to insert these data into GML- and KML-based files, via the appropriate intrinsic functions. At 

this point, any spatial reference system conversion is applied. 

Based on the fact that our business objects, representing the corresponding data retrieved from 

HERMES, are ready, the final files can now be created. This process is composed of the following two 

discrete steps: 
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1. Create the GML file, where the wrapper traverses all the available trajectory objects and 

encapsulates them with the appropriate GML tags and 

2. Create the KML file, where the wrapper, based on an external XSLT file, applies all the 

transformation rules, provided by the latter, to the original GML data. 

Wrapper‟s code for the GML file‟s creation works independently, without any manual interference; 

that is, all the styling rules are hard-coded. Thus, a trajectory dataset, in the nature of business objects, 

follows the pattern below. 

X Y TimeStamp 

… … … 

479493.6 4199234.9 2001/02/12 17:45:51 

479219.9 4199087 2001/02/12 17:46:21 

479219.9 4199087 2001/02/12 17:46:21 

479013.4 4199078.6 2001/02/12 17:46:51 

479013.4 4199078.6 2001/02/12 17:46:51 

478861.3 4199033.7 2001/02/12 17:47:21 

… … … 

Table 7-1: Trajectories as business objects 

These data are transformed into a structure similar to the following. 

<?xml version="1.0" encoding="utf-8" standalone="yes"?> 

<gml:featureCollection xmlns:gml="http://www.opengis.net/gml"> 

  ... 

  <gml:featureMember> 

    <gml:name> 

        Trajectory ID: {Trajectory ID} - Object ID: {Object  ID} 

    </gml:name> 

    <gml:description> 

        Trajectory Segment: {Segment ID} 

    </gml:description> 

    <gml:TimePeriod> 

      <gml:begin>{Start Timestamp}</gml:begin> 

      <gml:end>{Stop Timestamp}</gml:end> 

    </gml:TimePeriod> 

    <gml:LineString> 

      <gml:posList> 

        {Start Point Latitude} {Start Point Longitude}  

        {Stop Point Latitude} {Stop Point Longitude} 

      </gml:posList> 

    </gml:LineString> 

  </gml:featureMember> 

  ... 

</gml:featureCollection> 

From the above listing becomes clear that all database‟s results are bounded by a 

<gml:featureCollection> element and each record is in turn bounded by a 

<gml:featureMember> element. Several other elements can be found in such a file, representing 

different concepts. These are the following: 

 <gml:name> – Represents the objects‟ name, including objects‟ and trajectories‟ IDs, 

 <gml:description> – Represents a text description of objects. In this case each 

trajectory‟s segment ID is provided, 
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 <gml:TimePeriod> – This element corresponds to the pair of timestamps required to 

represent a start (<gml:begin>) and a stop (<gml:end>) time point of an object‟s movement 

and 

 <gml:LineString> – A LineString element is composed of a <posList> element, 

which represents the respective coordinates of an intelligible trajectory‟s start and stop 

geographic points. 

For the final KML file to be created, another external this time, XML-based file, with the prominent 

XSLT name, providing formatting rules, consults the wrapper. Such files are based on corresponding 

patterns (templates). In other words, in these files someone finds declarations specifying both the original 

and transformed data formats. For the implemented XSLT file‟s full listing, consult Appendix B. 

Based on the implemented file‟s rules, a new KML-based file is created, the contents of which can be 

shown below. 

<?xml version="1.0" encoding="utf-8"?> 

<kml xmlns="http://earth.google.com/kml/2.2"> 

  <Document> 

    <Folder> 

      <name>VisualHermes</name> 

      <Style id="blueLine"> 

        <LineStyle> 

          <color>ffff0000</color> 

          <width>3</width> 

        </LineStyle> 

      </Style> 

   ... 

   <Placemark> 

     <name> 

              Trajectory ID: {Trajectory ID} - Object ID: {Object ID} 

          </name> 

     <description>Trajectory Segment: {Segment ID}</description> 

     <TimeSpan> 

  <begin>{Start Timestamp}</begin> 

  <end>{Stop Timestamp}</end> 

     </TimeSpan> 

     <styleUrl>#blueLine</styleUrl> 

     <LineString> 

   <coordinates> 

                {Start Point Latitude},{Start Point Longitude}, 

                {Start Point Altitude}  

                {Stop Point Latitude},{Stop Point Longitude}, 

                {Stop Point Altitude} 

             </coordinates> 

      </LineString> 

   </Placemark> 

   ... 

 </Folder> 

  </Document> 

</kml> 
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As the above file implies, we have an XML-based file, which is composed of a root element <kml>. 

Except the root element, several different elements are presented, each of which represents the following: 

 <name> - The file‟s name as this is presented using a visualization engine (Google 

Maps/Earth), 

 <Style> - The styling rules of the presented object. On a map, a trajectory object can be 

presented using a line object (<LineStyle>). Based on the styling rules above, the line 

will have a blue color (<color>) and a width of 3 pixels (<width>), 

 <Placemark> - Whilst a trajectory object is represented by a <gml:featureMember> 

element according to GML specification, KML makes use of the corresponding 

<Placemark> element, 

 <name> - Represents the objects‟ name, including objects‟ and trajectories‟ IDs, 

 <description> - Represents a text description of objects. In this case each trajectory‟s 

segment ID is provided, 

 <TimeSpan> - A TimeSpan element is the GML‟s <gml:timePeriod> equivalent; the 

same goes for the respective <begin> and <end> elements, 

 <StyleUrl> - In a KML file, many styling rules can be defined. Thus, each of the 

represented objects can be styled using a different rule. In this element is defined the rule‟s 

ID. 

 <LineString> - As far as <LineString> and <coordinates> elements are 

concerned, they represent the <gml:LineString> and <gml:posList> elements of a 

GML file. 

Although it is not clear from the listing above, we have to mention that a modification occurs, as far as 

timestamps are concerned. To be more precise, the timestamp format changes when it comes to meet 

KML specification. Each timestamp in a KML file complies with the following pattern. 

{Year}-{Month}-{Date}T{Hour}:{Minute}:{Second}Z 

The files produced by the process described above, are the final result files, VisualHERMES sends to 

end users. One important issue is that of duplicates in file names. To outflank this issue, a custom naming 

algorithm has been implemented. The basic files‟ name is Output. Using the algorithm above, two 

concatenations are applied. 

1. A pseudo-random string, representing a statically unique 128-bits integer (Globally Unique 

Identifier - GUID), is supplied as a suffix to the original name and 

2. A timestamp with seconds‟ precision is supplied as a suffix too, to the just renamed file name. 

Thus, a typical GML file‟s name is based on the following naming pattern. 

Output-{GUID}-{Date}-{Time}.gml 

According to the above, the KML file has a name as below. 

Output-{GUID}-{Date}-{Time}.kml 

Finally, the produced by VisualHERMES files, are presented to the end user, as two hyperlinks. The 

first of them represents a GML file the user can download to her local computer. As far as the second 

(KML) file is concerned, the user is able to get the visualized results, via the same web browser‟s 

window, using the provided Maps services by Google. Through Google Maps API, a second web page 

has been implemented. Its purpose is to project KML results, VisualHERMES created, on real earth‟s 

maps. 

At this point, the end user is provided with several tools. Using them she is able to move selected map 

regions, zoom in or zoom out etc. Furthermore, each trajectory‟s segment carries additional information 

like the segment (movement) ID, its overall ID as provided by HERMES and the moving object‟s ID. For 

more information about this data, consult the Case Study chapter of this thesis. 

7.9 Compression features 

One of the largest challenges when dealing with XML-based data is the quick increase of files‟ sizes. This 

is due to XML‟s nature itself. Tagging each piece of information with several keywords can lead to really 

large-sized data files, especially if the original dataset is big by its own; this is an often case when dealing 
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with trajectory data. As a proof of concept for the claim above, we present the following table so as to 

understand the increase ratios. 

Rows Raw (Bytes) GML (Bytes) KML (Bytes) 

7.550 669.057 3.464.816 3.021.036 

5.771 513.087 2.651.869 2.312.224 

901 79.816 413.139 360.293 

404 35.044 184.806 161.283 

333 29.023 152.180 132.846 

44 3.779 19.856 17.514 

Table 7-2: Dataset sizes comparison 

The first technique a developer has at her disposal is compression. Based on this approach, sizes tend 

to be reduced. Especially, in the case of text files (XML is ultimately a text-based grammar), the 

reduction ratios that can be achieved are really promising. To get an insight about how compression helps 

in our application domain, consult the following chart. 

 
Figure 7-15: Dataset compression ratios 

Introduction of compression techniques has drawbacks as well. First and most critical is that the 

system becomes more complex. Furthermore, produced files tend to be more difficult while handling 

them. For example, if a GML file gets compressed, it will require a corresponding decompression 

mechanism, to become readable again. This is due to the fact that GML is a generic specification and 

many different applications use such files for processing the underlying data, without being aware of 

algorithm used to compress the original data file. As a result, handling compressed GML data files is not 

always trivial, making them unsuitable for generic and interoperable solutions. 

The same is not true as far as KML data files are concerned. This happens because KML is used only 

for presenting data and this projection is accomplished by specific visualization engines. Each of them is 

aware of the compression mechanism a KML file can use (the Deflate algorithm (Deutsch, 1996)), so it is 

possible for a visualization engine to get a compressed KML file (known as KMZ files), decompress it on 

the fly and present the appropriate data. After all, almost all of the known projection engines are aware of 

KMZ files nowadays. 

As far as VisualHERMES is concerned, and from the .NET Framework perspective, it is quite 

difficult to implement such functionality. .NET Framework has a built-in mechanism supporting the 

deflate compression algorithm, but when it comes to be applied on physical files, rather than in-memory 

streams, the appropriate headers are not added into the final result file. This leads to a file, which does not 

make itself understood to the outer world (namely, applications, that handle KML files). 

Although, this rather odd behavior has been fixed in later versions of .NET Framework, in our case 

(VisualHERMES runs on .NET Framework 2.0), we had to make use of a third-party compression library, 
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named DotNet Zip Library 1.3 (DotNet Zip, 2007). DotNet Zip Library is an open-source, fully managed 

code, written in C# DLL library, that provides support for reading and writing Zip archive files and 

streams, using either Deflate or GZip algorithms. All tests have been made, gave promising results, but 

due to the increase of overall system‟s complexity, this feature is disabled in the current release (although 

it has been fully implemented and tested). 

7.10 Problems in implementation 

During the development process of VisualHERMES, we faced two main problems. The first was about 

the spatial reference systems conversion. The other one had to do with HERMES Abstract Data Types – 

ADT (Oracle Corp., 2003) and the way .NET Framework data providers handle them. 

As far as the conversion algorithm is concerned, the problem has its roots in that HERMES uses 

Oracle‟s built-in spatial reference system, which is the Cartesian system. This SRS-agnostic handling of 

coordinates was a burden for VisualHERMES, due to GML and KML specifications, which demands 

from the coordinates to be in the WGS84 (Latitude/Longitude) spatial reference system (OGP, 2008). So 

what the wrapper is supposed to do if a dataset is already in the previously mentioned SRS and another 

one is in, for example Greek Geodetic Reference System - GGRS87 (OGP, 2008)? How is it going to 

handle such different data? The approach chosen was the use of a third-party library, named Proj.Net 

(Guidi, 2007). Proj.Net is an open-source, DLL library, written in C# that performs point-to-point 

coordinate conversions between geodetic coordinate systems. The spatial reference model used adheres to 

the Simple Features specification (OGC, 2008). Using its functionality a .NET Framework application 

can accomplish all the required conversions between different geodetic reference systems via EPSG‟s 

codification. 

HERMES uses a set of ADTs to present various custom moving objects‟ information. None of the 

available data providers can handle such types, because it is not aware of the intrinsic functionality a type 

can have.  

For VisualHERMES to be able to handle the data retrieved using HERMES, we has to convert the 

primitive data into a well known data type, the data provider if aware of, such as varchar2. As a matter 

of fact, HERMES already supports such kind of functionality, via the corresponding to_string() 

function, but using a varchar2 as the return data type introduces a drawback. Varchar2 data types 

can handle a stream of up to 4000 characters. Any stream containing more characters causes HERMES to 

return an error. 

To overcome this issue, a new function has been implemented. This new function uses a CLOB (a 

variation of the generic BLOB type, targeting in character streams) variable as the return type, capable for 

handling enormous character streams (approx. 2 x 10
9
 characters). By integrating to_clob() function 

with HERMES‟s moving_point core ADT, we are now able to handle large amounts of data via our 

wrapper. Furthermore, due to the fact that this conversion occurs after the dataset is retrieved from the 

actual database, there are no drawbacks with SQL queries, some of them do not operate correctly on 

CLOB data types. The full to_clob()‟s function source code (in PL/SQL) is provided in Appendix C. 

7.11 Conclusion 

Data can be transformed in any desired format using various techniques and/or technologies. Using a 

plain text transformation algorithm we managed to convert raw data into GML structures. GML data can 

be transformed into KML files based on XSLT styling rules. Any of these well-known specifications, or 

even custom ones, can be validated via XSD files. All the above operations can be accomplished using an 

integrated environment, acting as a wrapper for a DBMS. 
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8 Case Study 

8.1 Introduction 

As a proof of evidence for the prototype system described in the previous chapter, herein we going to 

discuss the overall system‟s operation using real life trajectory data. We are going to demonstrate all the 

available ways of building a query, sending it to HERMES and retrieving the corresponding results both 

in GML and KML format. Visualized results are also presented. Each section follows a specific pattern: 

Objective, building a query via VisualHERMES‟s web interface, SQL equivalent query, GML equivalent 

query, getting results in GML and finally getting and visualizing KML results. 

8.2 Dataset characteristics 

The original dataset comes from (R-tree Portal, 2005) and it represents a fleet of school buses moving in 

Athens metropolitan area between years 2000 and 2001. As a consequence, all the available coordinates‟ 

information is in the Greek Geodetic Reference System 87. This reference system has an ID of 2100 

according to EPSG‟s codification, in contrast to WGS84‟s reference system, which has a corresponding 

ID of 4326. So VisualHERMES has to get a value of 2100 for the Spatial Reference IDentification – 

SRID (OGP, 2008). The destination reference system has to always be 4326, so this declaration is not 

required from the end user. 

As a final note, the NotSet query type, option is not discussed independently. This is because all the 

equivalent SQL queries are fully described as part of the other query types. 

8.3 Trajectory query type 

The objective is to fetch the trajectory with ID 6, which belongs to a moving object with ID 0420. The 

web interface through which the query is constructed is illustrated in Figure 8-1. 

 
Figure 8-1: Trajectory web interface 

The SQL and GML equivalents are illustrated in Figure 8-4 and Figure 8-7 respectively. 

SELECT  

 a.object_id,  

 a.traj_id,  

 a.mpoint.to_clob() as trajectory 

FROM  

 mpoints a 

WHERE  

 a.object_id = 0420  

 AND  

 a.traj_id = 6 

Figure 8-2: Trajectory SQL query 
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<?xml version="1.0" encoding="utf-8" ?> 

<query queryType="Trajectory"> 

 <trajectory> 

  <objectID>0420</objectID> 

  <trajectoryID>6</trajectoryID> 

 </trajectory> 

</query> 

Figure 8-3: Trajectory GML query 

Figure 8-4 illustrates the results page, which links to two files results in GML and KML formats 

respectively. 

 
Figure 8-4: Trajectory results page 

The results for the produced GML and KML files are presented in Figure 8-5 and Figure 8-6 

respectively. 

<?xml version="1.0" encoding="utf-8" standalone="yes"?> 

<gml:featureCollection xmlns:gml="http://www.opengis.net/gml"> 

  <gml:featureMember> 

    <gml:name>Trajectory ID: 6 - Object ID: 0420</gml:name> 

    <gml:description>Trajectory Segment: 1</gml:description> 

    <gml:TimePeriod> 

      <gml:begin>2001/02/12T17:45.21</gml:begin> 

      <gml:end>2001/02/12T17:45.51</gml:end> 

    </gml:TimePeriod> 

    <gml:LineString> 

      <gml:posList> 

          37.94513 23.77097 37.94306 23.76831 

      </gml:posList> 

    </gml:LineString> 

  </gml:featureMember> 

  <gml:featureMember> 

  ... 

  </gml:featureMember> 

</gml:featureCollection> 

Figure 8-5: Trajectory GML results 
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<?xml version="1.0" encoding="utf-8"?> 

<kml xmlns="http://earth.google.com/kml/2.2"> 

    <Document> 

        <Folder> 

            <name>VisualHermes</name> 

            <Style id="blueLine"> 

                <LineStyle> 

                    <color>ffff0000</color> 

                    <width>3</width> 

                </LineStyle> 

            </Style> 

            <Placemark> 

                <name>Trajectory ID: 5 - Object ID: 0420</name> 

                <description>Trajectory Segment: 1</description> 

                <TimeSpan> 

                    <begin>2001-02-09T16:48:53Z</begin> 

                    <end>2001-02-09T16:49:23Z</end> 

                </TimeSpan> 

                <styleUrl>#blueLine</styleUrl> 

                <LineString> 

                    <altitudeMode>relative</altitudeMode> 

                    <coordinates> 

                        23.85472,38.00457,0  

                        23.85752,38.00272,0 

                    </coordinates> 

                </LineString> 

            </Placemark> 

            <Placemark> 

                ... 

            </Placemark> 

        </Folder> 

    </Document> 

</kml> 

Figure 8-6: Trajectory KML results 

KML results file can be visualized through Google Maps, as Figure 8-7 depicts. 
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Figure 8-7: Trajectory visualized KML data 

8.4 Spatial Intersection query type 

In this scenario we want to fetch object‟s 0420 trajectory with ID 6 and restrict it in a geographic 

rectangle with the following characteristics. 

 Upper right corner‟s coordinates. 

o Longitude (X): 479610.8 

o Latitude (Y): 4199349.5 

 Lower left corner‟s coordinates. 

o Longitude (X): 479356.75 

o Latitude (Y): 4199160.95 

Figure 8-8 illustrates the web interface to build our query. 
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Figure 8-8: Spatial Intersection web interface 

The query above is translated into a SQL query sent to HERMES. The actual query is depicted in 

Figure 8-9. 

SELECT  

    a.object_id,  

    a.traj_id,  

    a.mpoint.f_intersection 

    ( 

        MDSYS.SDO_GEOMETRY 

        ( 

            2003,  

            NULL,  

            NULL,  

            MDSYS.SDO_ELEM_INFO_ARRAY 

            ( 

                1, 

                1003, 

                3 

            ),  

            MDSYS.SDO_ORDINATE_ARRAY 

            ( 

                479610.8,4199349.5, 479356.75,4199160.95 

            ) 

        ), 0.001 

    ).to_clob() AS trajectory  

FROM  

    mpoints a  

WHERE  

    a.object_id = 0420  

 AND  

 a.traj_id = 6 

Figure 8-9: Spatial Intersection SQL query 

In a similar manner, the GML equivalent, a user can upload is presented in Figure 8-10. 
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<?xml version="1.0" encoding="utf-8" ?> 

<query queryType="Spatial"> 

      <trajectory> 

        <objectID>0420</objectID> 

        <trajectoryID>6</trajectoryID> 

      </trajectory> 

 <spatial> 

     <polygon> 

         <exterior> 

             <linearRing> 

                 <posList> 

                          479610.8 4199349.5 479356.75 4199160.95 

                      </posList> 

             </linearRing> 

         </exterior> 

     </polygon> 

 </spatial> 

</query> 

Figure 8-10: Spatial Intersection GML query 

Figure 8-11 depicts the corresponding results page. Through this page a user is presented with two 

hyperlinks pointing to the two result files (GML and KML). 

 
Figure 8-11: Spatial Intersection results page 

Each of the two files produced for the Spatial Intersection query type is illustrated in Figure 8-12 for 

the GML file and in Figure 8-13 for the KML one. 
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<?xml version="1.0" encoding="utf-8" standalone="yes"?> 

<gml:featureCollection xmlns:gml="http://www.opengis.net/gml"> 

    <gml:featureMember> 

        <gml:name>Trajectory ID: 6 - Object ID: 0420</gml:name> 

        <gml:description>Trajectory Segment: 1</gml:description> 

        <gml:TimePeriod> 

            <gml:begin>2001/02/12T17:45.36</gml:begin> 

            <gml:end>2001/02/12T17:45.51</gml:end> 

        </gml:TimePeriod> 

        <gml:LineString> 

            <gml:posList> 

                37.94409 23.76964 37.94306 23.76831 

            </gml:posList> 

        </gml:LineString> 

    </gml:featureMember> 

    <gml:featureMember> 

        ... 

    </gml:featureMember> 

</gml:featureCollection> 

Figure 8-12: Spatial Intersection GML results 

<?xml version="1.0" encoding="utf-8"?> 

<kml xmlns="http://earth.google.com/kml/2.2"> 

    <Document> 

        <Folder> 

            <name>VisualHermes</name> 

            <Style id="blueLine"> 

                <LineStyle> 

                    <color>ffff0000</color> 

                    <width>3</width> 

                </LineStyle> 

            </Style> 

            <Placemark> 

                <name>Trajectory ID: 6 - Object ID: 0420</name> 

                <description>Trajectory Segment: 1</description> 

                <TimeSpan> 

                    <begin>2001-02-12T17:45:36Z</begin> 

                    <end>2001-02-12T17:45:51Z</end> 

                </TimeSpan> 

                <styleUrl>#blueLine</styleUrl> 

                <LineString> 

                    <altitudeMode>relative</altitudeMode> 

                    <coordinates> 

                        23.76964,37.94409,0  

                        23.76831,37.94306,0 

                    </coordinates> 

                </LineString> 

            </Placemark> 

            <Placemark> 

                ... 

            </Placemark> 

        </Folder> 

    </Document> 

</kml> 

Figure 8-13: Spatial Intersection KML results 

Google Maps provides the ability to visualize our KML results file. The visualized results are 

projected in Figure 8-14. 
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Figure 8-14: Spatial Intersection visualized KML data 

8.5 Temporal Intersection query type 

In this case this objective is to fetch the object‟s 0420 trajectory 5 and restrict it into a time interval with 

the following characteristics. 

 Begin date and time: February 9, 2001 at 4:48:53pm and 

 End date and time: February 9, 2001 at 4:53:53pm 

The query builder provided by the web interface is illustrated in Figure 8-15, while its SQL and GML 

equivalents are presented in Figure 8-16 and Figure 8-17 respectively. 

 
Figure 8-15: Temporal Intersection web interface 
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SELECT  

    a.object_id,  

    a.traj_id,  

    a.mpoint.at_period 

    ( 

        tau_tll.d_period_sec 

        ( 

            tau_tll.D_Timepoint_Sec 

            ( 

                2001,2,9,16,48,53 

            ),  

            tau_tll.D_Timepoint_Sec 

            ( 

                2001,2,9,16,53,53 

            ) 

        ) 

    ).to_clob() AS trajectory 

FROM  

    mpoints a  

WHERE  

    a.object_id = 0420  

 AND  

 a.traj_id = 5 

Figure 8-16: Temporal Intersection SQL query 

<?xml version="1.0" encoding="utf-8" ?> 

<query queryType="Temporal"> 

 <trajectory> 

  <objectID>0420</objectID> 

  <trajectoryID>5</trajectoryID> 

 </trajectory> 

 <temporal> 

  <timePeriod> 

   <begin>2001/02/09T16:48.53</begin> 

   <end>2001/02/09T16:53.53</end> 

  </timePeriod> 

 </temporal> 

</query> 

Figure 8-17: Temporal Intersection GML query 

The corresponding links pointing to the produced files are presented though the results page in Figure 

8-18. 

 
Figure 8-18: Temporal Intersection results page 
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The actual files constructed are presented in Figure 8-19 (GML results file) and in Figure 8-20 (KML 

results file). 

<?xml version="1.0" encoding="utf-8" standalone="yes"?> 

<gml:featureCollection xmlns:gml="http://www.opengis.net/gml"> 

    <gml:featureMember> 

        <gml:name>Trajectory ID: 5 - Object ID: 0420</gml:name> 

        <gml:description>Trajectory Segment: 1</gml:description> 

        <gml:TimePeriod> 

            <gml:begin>2001/02/09T16:48.53</gml:begin> 

            <gml:end>2001/02/09T16:49.23</gml:end> 

        </gml:TimePeriod> 

        <gml:LineString> 

            <gml:posList> 

                38.00457 23.85472 38.00272 23.85752 

            </gml:posList> 

        </gml:LineString> 

    </gml:featureMember> 

    <gml:featureMember> 

        ... 

    </gml:featureMember> 

</gml:featureCollection> 

Figure 8-19: Temporal Intersection GML results 

<?xml version="1.0" encoding="utf-8"?> 

<kml xmlns="http://earth.google.com/kml/2.2"> 

    <Document> 

        <Folder> 

            <name>VisualHermes</name> 

            <Style id="blueLine"> 

                <LineStyle> 

                    <color>ffff0000</color> 

                    <width>3</width> 

                </LineStyle> 

            </Style> 

            <Placemark> 

                <name>Trajectory ID: 5 - Object ID: 0420</name> 

                <description>Trajectory Segment: 1</description> 

                <TimeSpan> 

                    <begin>2001-02-09T16:48:53Z</begin> 

                    <end>2001-02-09T16:49:23Z</end> 

                </TimeSpan> 

                <styleUrl>#blueLine</styleUrl> 

                <LineString> 

                    <altitudeMode>relative</altitudeMode> 

                    <coordinates> 

                        23.85472,38.00457,0  

                        23.85752,38.00272,0 

                    </coordinates> 

                </LineString> 

            </Placemark> 

            <Placemark> 

                ... 

            </Placemark> 

        </Folder> 

    </Document> 

</kml> 

Figure 8-20: Temporal Intersection KML results 

The visualized version of the produced KML file using Google Maps is presented in Figure 8-21. 
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Figure 8-21: Temporal Intersection visualized KML data 

8.6 Average Speed query type 

In this scenario the goal is to fetch all available moving objects‟ trajectories having an average speed 

between 30 and 60 Km/h. 

The web interface accommodating our query building is depicted in Figure 8-22. 

 
Figure 8-22: Average Speed web interface 

The SQL and GML equivalents are presented in Figure 8-23 and Figure 8-24 respectively. 
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SELECT 

    a.object_id, 

    a.traj_id, 

    a.mpoint.to_clob() AS trajectory 

FROM 

    mpoints a 

WHERE 

    CAST(a.mpoint.f_avg_speed() AS number(*,2))  

    BETWEEN  

        3.00  

    AND 

        6.00 

Figure 8-23: Average Speed SQL query 

<?xml version="1.0" encoding="utf-8" ?> 

<query queryType="Averagespeed"> 

 <avgpeed> 

  <lBoundSpeed>3.00</lBoundSpeed> 

  <uBoundSpeed>6.00</uBoundSpeed> 

 </avgspeed> 

</query> 

Figure 8-24: Average Speed GML query 

The corresponding links are provided to the user via the results page, which is presented in Figure 

8-25. 

 
Figure 8-25: Average Speed results page 

An excerpt of the results files produced by VisualHERMES is illustrated in Figure 8-26 for the GML 

file and in Figure 8-27 for the corresponding KML file. 
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<?xml version="1.0" encoding="utf-8" standalone="yes"?> 

<gml:featureCollection xmlns:gml="http://www.opengis.net/gml"> 

  <gml:featureMember> 

    <gml:name>Trajectory ID: 6 - Object ID: 0420</gml:name> 

    <gml:description>Trajectory Segment: 1</gml:description> 

    <gml:TimePeriod> 

      <gml:begin>2001/02/12T17:45.21</gml:begin> 

      <gml:end>2001/02/12T17:45.51</gml:end> 

    </gml:TimePeriod> 

    <gml:LineString> 

      <gml:posList> 

          37.94513 23.77097 37.94306 23.76831 

      </gml:posList> 

    </gml:LineString> 

  </gml:featureMember> 

  <gml:featureMember> 

  ... 

  </gml:featureMember> 

</gml:featureCollection> 

Figure 8-26: Average Speed GML results 

<?xml version="1.0" encoding="utf-8"?> 

<kml xmlns="http://earth.google.com/kml/2.2"> 

    <Document> 

        <Folder> 

            <name>VisualHermes</name> 

            <Style id="blueLine"> 

                <LineStyle> 

                    <color>ffff0000</color> 

                    <width>3</width> 

                </LineStyle> 

            </Style> 

            <Placemark> 

                <name>Trajectory ID: 5 - Object ID: 0420</name> 

                <description>Trajectory Segment: 1</description> 

                <TimeSpan> 

                    <begin>2001-02-09T16:48:53Z</begin> 

                    <end>2001-02-09T16:49:23Z</end> 

                </TimeSpan> 

                <styleUrl>#blueLine</styleUrl> 

                <LineString> 

                    <altitudeMode>relative</altitudeMode> 

                    <coordinates> 

                        23.85472,38.00457,0  

                        23.85752,38.00272,0 

                    </coordinates> 

                </LineString> 

            </Placemark> 

            <Placemark> 

                ... 

            </Placemark> 

        </Folder> 

    </Document> 

</kml> 

Figure 8-27: Average Speed KML results 

The KML results file can be visualized though Google Maps as illustrated in Figure 8-28. 
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Figure 8-28: Average Speed visualized KML data 

8.7 NotSet query type 

As mentioned above, this type of query did not described independently. The only notice we have to 

make is that any of the previously mentioned SQL queries, as any valid SQL query as well, can be typed 

into the corresponding Query web interface‟s field and VisualHERMES, is able to process and execute it, 

retrieving the appropriate results as shown in Figure 8-29. 

 
Figure 8-29: Manual build of SQL query 
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8.8 Upload GML query file 

According to our schema specification, a user is able to construct more complex queries than the ones 

discussed previously. Thus, she is able to build queries specifying temporal, speed and spatial operators, 

all in one file. 

In this scenario our intention is to fetch all the available trajectories between February 12, 2001 at 

5:45:12pm and February 12, 2001 at 5:45:51pm, with average speed between 5 and 6 Km/h, building and 

uploading a more complex GML query file, as presented in Figure 8-30. 

 
Figure 8-30: Uploading a GML query file 

The process of uploading a query file is rather intuitive. All a user has to do, is via the corresponding 

Browse button, to select the appropriate file, or type the full file‟s path into the corresponding File field. 

VisualHERMES will validate and parse the uploaded document, as to extract the required information. 

The SQL and GML equivalents for the above query are illustrated in Figure 8-31 and Figure 8-32 

respectively. 
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SELECT  

    a.object_id,  

    a.traj_id,  

    a.mpoint.at_period 

    ( 

        tau_tll.d_period_sec 

        ( 

            tau_tll.D_Timepoint_Sec 

            ( 

                2001,02,12,17,45,21 

            ),  

            tau_tll.D_Timepoint_Sec 

            ( 

                2001,02,12,17,45,51 

            ) 

        ) 

    ).to_clob() AS trajectory 

FROM  

    mpoints a  

WHERE  

    a.mpoint.f_avg_speed()  

    BETWEEN  

        5.00  

    AND  

        6.00 

Figure 8-31: Complex SQL query 

<?xml version="1.0" encoding="utf-8" ?> 

<query queryType="NotSet"> 

 <complex> 

  <temporal> 

   <timePeriod> 

    <begin>2001,02,12,17,45,21</begin> 

    <end>2001,02,12,17,45,51</end> 

   </timePeriod> 

  </temporal> 

  <avgspeed> 

   <lBoundSpeed>5.00</lBoundSpeed> 

   <uBoundSpeed>6.00</uBoundSpeed> 

  </avgspeed> 

 </complex> 

</query> 

Figure 8-32: Complex GML query 

The user is presented with two separate links pointing to the just created results files, as Figure 8-33 

illustrates. 
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Figure 8-33: GML query file results page 

Each of the two files produced for the Spatial Intersection query type is illustrated in Figure 8-34 for 

the GML file and in Figure 8-35 for the KML one. 

<?xml version="1.0" encoding="utf-8" standalone="yes"?> 

<gml:featureCollection xmlns:gml="http://www.opengis.net/gml"> 

 <gml:featureMember> 

  <gml:name>Trajectory ID: 6 - Object ID: 0420</gml:name> 

  <gml:description>Trajectory Segment: 1</gml:description> 

  <gml:TimePeriod> 

   <gml:begin>2001/02/12T17:45.21</gml:begin> 

   <gml:end>2001/02/12T17:45.51</gml:end> 

  </gml:TimePeriod> 

  <gml:LineString> 

   <gml:posList>37.94513 23.77097 37.94306 23.76831</gml:posList> 

  </gml:LineString> 

 </gml:featureMember> 

</gml:featureCollection> 

Figure 8-34: Complex query GML results 
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<?xml version="1.0" encoding="utf-8"?> 

<kml xmlns="http://earth.google.com/kml/2.2"> 

    <Document> 

        <Folder> 

            <name>VisualHermes</name> 

            <Style id="blueLine"> 

                <LineStyle> 

                    <color>ffff0000</color> 

                    <width>3</width> 

                </LineStyle> 

            </Style> 

            <Placemark> 

                <name>Trajectory ID: 6 - Object ID: 0420</name> 

                <description>Trajectory Segment: 1</description> 

                <TimeSpan> 

                    <begin>2001-02-12T17:45:21Z</begin> 

                    <end>2001-02-12T17:45:51Z</end> 

                </TimeSpan> 

                <styleUrl>#blueLine</styleUrl> 

                <LineString> 

                    <altitudeMode>relative</altitudeMode> 

                    <coordinates> 

                        23.77097,37.94513,0  

                        23.76831,37.94306,0 

                    </coordinates> 

                </LineString> 

            </Placemark> 

        </Folder> 

    </Document> 

</kml> 

Figure 8-35: Complex query KML results 

The user is able to visualize the KML results file via Google Maps, as depicted in Figure 8-36. 

 
Figure 8-36: GML query file visualized KML data 
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8.9 Conclusion 

This was a brief demonstration, in the nature of a case study, for VisualHERMES prototype. The original 

dataset belongs to R-tree Portal (R-tree Portal, 2005) representing school buses trajectories in Athens. All 

the possible querying and resulting methods were discussed, but VisualHERMES is not a closed project. 

Many other queries can be modeled in its web interface, setting a larger variety of possible uses to 

HERMES. 
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9 Conclusions 

GML is an open standard, based on XML technology (Bray, et al., 2006), which describes the spatial and 

temporal data transfer and storage in the Internet environment. Latest advances for extending the 

standard‟s model in version 3 (OGC, 2004) bearing in topologies representation, three-dimensional 

geometries, surfaces and moving objects, add new dynamics to the acceptance and adoption of GML by 

the community. The success of such acceptance, therefore, has evolved GML in a first class solution to 

the problem of exchanging data between heterogeneous user groups. 

XML data may be visualized using various methods. To visualize spatial and temporal information, 

which are based on XML, in a web browser, requires transforming them into a graphical form, it can 

interpret. There are various options, which provide solutions in this specific application domain, each of 

which bears its own unique features. In the current research, we selected the KML formatting standard 

(Google, 2008), because of the proximity to that of XML and because there are already implemented 

engines for results visualization, without requiring the installation of additional software (plug-ins). One 

such solution is the Maps service provided by Google Inc. (Google Maps, 2008). 

XSLT (Clark, 1999) is a recommendation of W3C, for transforming an XML document to another. 

Given that GML is a representation based on XML, the XSLT is able to convert GML documents into 

KML. The respective conversion rules are defined within XSLT stylesheets. With the use of stylesheets, 

we can obtain additional information from the original GML document, which may be introduced in the 

final KML document. 

Technically, it is possible to develop software for conversion of GML data in any form of graphic 

representation, but the conversion from GML in KML, using XSLT, brings some advantages. It makes 

use of XML, a technology on which many functions of the current Internet are based and is also 

supported by the largest software vendors. The production process of various representations is relatively 

simple because XML allows the separation of content data from presentation data. In addition, where the 

GML data make use of a predefined schema, any set of data can be represented on the same stylesheet.  

HERMES (Pelekis, et al., 2006) is an extension to the Spatial package of Oracle‟s 10g object-

relational database management system. Through this expansion, we are able to manage spatio-temporal 

data (trajectories) for moving objects, which alter their position and/or size, periodically or continuously. 

In addition, it provides the necessary infrastructure for supporting the queries‟ mission for the moving 

objects managed, using spatial and temporal operators. Due to the fact that HERMES system, acts as a 

data source for moving objects‟ trajectories, in third applications, it seemed appropriate to implement a 

wrapper, which would be able to format such information in terms of GML, before their mission to the 

end user, with the ultimate aim of extending system‟s interoperability. Furthermore, a user can receive a 

visualized presentation of the results wanted, on electronic maps, using Google Maps services, via a thin 

client application, such as a web browser. Therefore, data are formatted in accordance with the KML 

standard. 

For this thesis‟s needs, VisualHERMES prototype has been designed and implemented. Through this 

system, a user is able to connect to a web site, from where is able to send queries to HERMES, either by 

choosing from a set of predefined formulas, or by sending a GML query file and take the results of that 

query, based on GML standard. Finally, she is able to get a visualized (KML-based) version of the results, 

projected on an electronic map using Google Maps service. All the above functionality has been 

integrated under an intuitive web application. 

9.1 Open issues 

Although, VisualHERMES acts as a wrapper between HERMES and end users, providing only selection 

queries, it is not limited to this functionality. Through the appropriate extensions and modifications in 

application‟s source code, the prototype will be able to accommodate several query types, such as 

insertion queries. Thus, it will be possible for a GML file to be inserted, as far as their underlying values 

are concerned, into HERMES, in a more bulk fashion. It has to be noted that during insertion queries 

wrapper‟s code has to provide all the transactional mechanisms, thus providing a more effective 

environment. 

An interesting variation of VisualHERMES would be the development of the wrapper for PDAs. 

These devices provide the important advantage of increased portability giving thus access to the service 
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of VisualHERMES, literally from any place. Furthermore, the majority of such devices are equipped with 

GPS receivers. Given that there will be, sometime in the future, the ability to feed HERMES directly with 

data from a GPS, a user will be able to send spatio-temporal data using her device and receive visualized 

information via VisualHERMES. 

It has to be noted that in many cases the visualized results are not accurate as projected on road maps; 

see for example Figure 8-14, Figure 8-21 and Figure 8-36. This awkward behavior is either to errors in 

transmitting the exact location of a moving object from the GPS, or imperfections in the road network, as 

it appears on the map. The solution to this problem is the on demand use of the so-called Map Matching 

algorithms (Brakatsoulas, et al., 2005). These algorithms are able to adjust a trajectory, by changing, the 

original data, so that the final result of a visualized trajectory coincides in the current road network that 

appears on the map. 
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Appendix 

A  VisualHERMES GML Schema Definition File 

GML query files that are being uploaded into VisualHERMES, must meet the following query 

definition schema, in order to be processed by the wrapper. 

<?xml version="1.0" encoding="utf-8"?> 

<xs:schema id="QuerySchema" elementFormDefault="qualified" 

xmlns="" xmlns:xs="http://www.w3.org/2001/XMLSchema"> 

 <xs:simpleType name="PosList"> 

  <xs:restriction base="xs:string"> 

  </xs:restriction> 

 </xs:simpleType> 

 <xs:simpleType name="ObjectID"> 

  <xs:restriction base="xs:string"> 

   <xs:maxLength value="20" /> 

  </xs:restriction> 

 </xs:simpleType> 

 <xs:simpleType name="TrajectoryID"> 

  <xs:restriction base="xs:positiveInteger" /> 

 </xs:simpleType> 

 <xs:simpleType name="UBoundSpeed"> 

  <xs:restriction base="xs:double"> 

   <xs:minInclusive value="0.0" /> 

  </xs:restriction> 

 </xs:simpleType> 

 <xs:simpleType name="LBoundSpeed"> 

  <xs:restriction base="xs:double"> 

   <xs:minInclusive value="0.0" /> 

  </xs:restriction> 

 </xs:simpleType> 

 <xs:simpleType name="Begin"> 

  <xs:restriction base="xs:string"> 

   <xs:pattern 

value="\d{4}/\d{2}/\d{2}T\d{2}:\d{2}.\d{2}" /> 

  </xs:restriction> 

 </xs:simpleType> 

 <xs:simpleType name="End"> 

  <xs:restriction base="xs:string"> 

   <xs:pattern 

value="\d{4}/\d{2}/\d{2}T\d{2}:\d{2}.\d{2}" /> 

  </xs:restriction> 

 </xs:simpleType> 

 <xs:simpleType name="QueryType"> 

  <xs:restriction base="xs:string"> 

   <xs:enumeration value="NotSet" /> 

   <xs:enumeration value="Trajectory" /> 

   <xs:enumeration value="Spatial" /> 

   <xs:enumeration value="Temporal" /> 

   <xs:enumeration value="AverageSpeed" /> 

  </xs:restriction> 

 </xs:simpleType> 

 <xs:complexType name="LinearRing"> 

  <xs:sequence> 

   <xs:element name="posList" type="PosList" /> 

  </xs:sequence> 
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 </xs:complexType> 

 <xs:complexType name="Exterior"> 

  <xs:sequence> 

   <xs:element name="linearRing" type="LinearRing" 

/> 

  </xs:sequence> 

 </xs:complexType> 

 <xs:complexType name="Polygon"> 

  <xs:sequence> 

   <xs:element name="exterior" type="Exterior" /> 

  </xs:sequence> 

 </xs:complexType> 

 <xs:complexType name="TimePeriod"> 

  <xs:sequence> 

   <xs:element name="begin" type="Begin" /> 

   <xs:element name="end" type="End" /> 

  </xs:sequence> 

 </xs:complexType> 

 <xs:complexType name="Query"> 

  <xs:sequence> 

   <xs:sequence> 

    <xs:element name="trajectory" 

type="Trajectory" minOccurs="0" /> 

    <xs:element name="spatial" type="Spatial" 

minOccurs="0" /> 

    <xs:element name="temporal" 

type="Temporal" minOccurs="0" /> 

    <xs:element name="avgspeed" 

type="AverageSpeed" minOccurs="0" /> 

    <xs:element name="complex" minOccurs="0" 

/> 

   </xs:sequence> 

  </xs:sequence> 

  <xs:attribute name="queryType" type="QueryType" 

use="required" /> 

 </xs:complexType> 

 <xs:complexType name="Trajectory"> 

  <xs:sequence> 

   <xs:element name="objectID" type="ObjectID" /> 

   <xs:element name="trajectoryID" 

type="TrajectoryID" /> 

  </xs:sequence> 

 </xs:complexType> 

 <xs:complexType name="Spatial"> 

  <xs:sequence> 

   <xs:element name="polygon" type="Polygon" /> 

  </xs:sequence> 

 </xs:complexType> 

 <xs:complexType name="Temporal"> 

  <xs:sequence> 

   <xs:element name="timePeriod" type="TimePeriod" 

/> 

  </xs:sequence> 

 </xs:complexType> 

 <xs:complexType name="AverageSpeed"> 

  <xs:sequence> 

   <xs:element name="lBoundSpeed" 

type="LBoundSpeed" /> 

   <xs:element name="uBoundSpeed" 



Ioannis S. Gkoutsidis MSc Thesis 

Trajectory Data Visualization: The VisualHERMES Tool 100 

type="UBoundSpeed" /> 

  </xs:sequence> 

 </xs:complexType> 

 <xs:element name="query" type="Query"> 

 </xs:element> 

</xs:schema> 
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B  VisualHERMES eXtensible Stylesheet Language 

Transformations File 

Each GML results file produced by VisualHERMES has to be transformed according to KML 

specification, in order to be visualized by Google Earth, Google Maps etc. The transformation 

rules are defined in the following file: 

<?xml  

 version="1.0"  

 encoding="utf-8" 

?> 

 

<xsl:stylesheet  

 version="1.0"  

 xmlns:xsl="http://www.w3.org/1999/XSL/Transform"  

 xmlns:gml="http://www.opengis.net/gml" 

 xmlns:msxsl="urn:schemas-microsoft-com:xslt"  

 xmlns:ext="http://goutsidis.gr/extension"  

 exclude-result-prefixes="gml msxsl ext" 

> 

 

<xsl:output  

 method="xml"  

 version="1.0"  

 encoding="utf-8"  

 indent="yes"  

 media-type="application/vnd.google-earth.kml+xml" 

/> 

 

<msxsl:script language="C#" implements-prefix="ext"> 

 <![CDATA[ 

 public string formatPosList(string value) 

 { 

  string[] res = value.Split(' '); 

  return res[1] + "," + res[0] + ",0 " + res[3] + "," + 

res[2] + ",0"; 

 } 

  

 public string formatTimeStamp(string value) 

 { 

  string res = value.Replace("/", "-"); 

  return res.Replace(".", ":") + "Z"; 

 } 

 ]]> 

</msxsl:script> 

 

 <xsl:template match="/gml:featureCollection"> 

  <xsl:element name="kml" 

namespace="http://earth.google.com/kml/2.2"> 

   <xsl:element name="Document"> 

    <xsl:element name="Folder"> 

     <xsl:element name="name"> 

     

 <xsl:text>VisualHermes</xsl:text> 

     </xsl:element> 

     <xsl:element name="Style"> 

      <xsl:attribute name="id"> 
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 <xsl:text>blueLine</xsl:text> 

      </xsl:attribute> 

      <xsl:element name="LineStyle"> 

       <xsl:element 

name="color"> 

       

 <xsl:text>ffff0000</xsl:text> 

       </xsl:element> 

       <xsl:element 

name="width"> 

       

 <xsl:text>3</xsl:text> 

       </xsl:element> 

      </xsl:element> 

     </xsl:element> 

     <xsl:apply-templates /> 

    </xsl:element> 

   </xsl:element> 

  </xsl:element> 

 </xsl:template> 

 

 <xsl:template match="gml:featureMember"> 

  <xsl:element name="Placemark"> 

   <xsl:apply-templates select="gml:name" /> 

   <xsl:apply-templates select="gml:description" /> 

   <xsl:apply-templates select="gml:TimePeriod" /> 

   <xsl:apply-templates select="gml:Point" /> 

   <xsl:apply-templates select="gml:LineString" /> 

   <xsl:apply-templates select="gml:Polygon" /> 

  </xsl:element> 

 </xsl:template> 

 

 <xsl:template match="gml:name"> 

  <xsl:element name="name"> 

   <xsl:value-of select="." /> 

  </xsl:element> 

 </xsl:template> 

 

 <xsl:template match="gml:description"> 

  <xsl:element name="description"> 

   <xsl:value-of select="." /> 

  </xsl:element> 

 </xsl:template> 

 

 <xsl:template match="gml:TimePeriod"> 

  <xsl:element name="TimeSpan"> 

   <xsl:element name="begin"> 

    <xsl:value-of 

select="ext:formatTimeStamp(gml:begin)" /> 

   </xsl:element> 

   <xsl:element name="end"> 

    <xsl:value-of 

select="ext:formatTimeStamp(gml:end)" /> 

   </xsl:element> 

  </xsl:element> 

 </xsl:template> 

  

 <xsl:template match="gml:Point"> 

  <xsl:element name="Point"> 
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   <xsl:element name="coordinates"> 

    <xsl:value-of select="." /> 

   </xsl:element> 

  </xsl:element> 

 </xsl:template> 

  

 <xsl:template match="gml:LineString"> 

  <xsl:element name="styleUrl"> 

   <xsl:text>#blueLine</xsl:text> 

  </xsl:element> 

  <xsl:element name="LineString"> 

   <xsl:element name="altitudeMode"> 

    <xsl:text>relative</xsl:text> 

   </xsl:element> 

   <xsl:element name="coordinates"> 

    <xsl:value-of 

select="ext:formatPosList(gml:posList)" /> 

   </xsl:element> 

  </xsl:element> 

 </xsl:template> 

 

 <xsl:template match="gml:Polygon"> 

  <xsl:element name="Polygon"> 

   <xsl:element name="tessellate"> 

    <xsl:text>1</xsl:text> 

   </xsl:element> 

   <xsl:element name="outerBoundaryIs"> 

    <xsl:element name="LinearRing"> 

     <xsl:element name="coordinates"> 

      <xsl:value-of 

select="ext:formatPosList(gml:exterior/gml:LinearRing/gml:coordina

tes)" /> 

     </xsl:element> 

    </xsl:element> 

   </xsl:element> 

   <xsl:element name="innerBoundaryIs"> 

    <xsl:element name="LinearRing"> 

     <xsl:element name="coordinates"> 

      <xsl:value-of 

select="ext:formatPosList(gml:interior/gml:LinearRing/gml:coordina

tes)" /> 

     </xsl:element> 

    </xsl:element> 

   </xsl:element> 

  </xsl:element> 

 </xsl:template> 

 

</xsl:stylesheet> 
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C  HERMES TO_CLOB() Function 

In order for HERMES to be able to handle large trajectory datasets that can be sent to 

VisualHERMES wrapper, a new function has to be implemented and added. 

MEMBER FUNCTION to_clob  

RETURN CLOB IS 

 

 i   PLS_INTEGER; 

 str CLOB; 

 

BEGIN 

 FOR i IN u_tab.FIRST .. u_tab.LAST LOOP 

 

  str := str ||  

   '(' ||  

   SUBSTR(TO_CHAR (u_tab(i).m.xi), 0, 10) ||  

   ',  ' ||  

   SUBSTR(TO_CHAR (u_tab(i).m.yi), 0, 10) || 

    ') - (' ||  

    SUBSTR(TO_CHAR (u_tab(i).m.xe), 0, 10) ||  

    ',  ' ||  

    SUBSTR(TO_CHAR (u_tab(i).m.ye), 0, 10) ||  

    ') # ' ||  

    TO_CHAR(u_tab(i).p.b.M_Y) ||  

    '/' ||  

    TO_CHAR(u_tab(i).p.b.M_M) ||  

    '/' ||  

    TO_CHAR(u_tab(i).p.b.M_D) ||  

    ' - ' ||  

    TO_CHAR(u_tab(i).p.b.M_H) ||  

    ':' ||  

    TO_CHAR(u_tab(i).p.b.M_MIN) ||  

    ':' ||  

    TO_CHAR(u_tab(i).p.b.M_SEC) ||  

    TO_CHAR(u_tab(i).p.e.M_Y) ||  

    '/' ||  

    TO_CHAR(u_tab(i).p.e.M_M) ||  

    '/' ||  

    TO_CHAR(u_tab(i).p.e.M_D) ||  

    ' - ' ||  

    TO_CHAR(u_tab(i).p.e.M_H) ||  

    ':' ||  

    TO_CHAR(u_tab(i).p.e.M_MIN) ||  

    ':' ||  

    TO_CHAR(u_tab(i).p.e.M_SEC); 

 

 END LOOP; 

  

 return str; 

END; 
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D  Εκτενής Περίληψη στην Ελληνική 

Εισαγωγή 

Τρέχουσα κατάσταση 

Σηηο εκέξεο καο νη θηλεηνί ρξήζηεο είλαη πεξηζζφηεξνη απφ θάζε άιιε θνξά. Δπηπξφζζεηα, νη εμειίμεηο 

ζηα ζχγρξνλα ζπζηήκαηα δηαρείξηζεο βάζεσλ δεδνκέλσλ (Database Management Systems – DBMS) 

έρνπλ θαηαζηήζεη εθηθηή ηελ απνζήθεπζε θάζε είδνπο πιεξνθνξίαο, πνπ αθνξά ζε δηάθνξεο πεγέο 

θηλνχκελσλ αληηθεηκέλσλ (Moving Objects – MO). Γηα παξάδεηγκα, κε ηε βνήζεηα ησλ (Global 

Positioning Systems) GPS ζπζηεκάησλ πινήγεζεο θαη ησλ θηλεηψλ-αζχξκαησλ επηθνηλσληψλ είλαη 

δπλαηή ε απνζήθεπζε πιεξνθνξηψλ πνπ ζρεηίδνληαη κε ηε γεσγξαθηθή ζέζε ελφο θηλνχκελνπ 

αληηθεηκέλνπ ζε ζπλάξηεζε κε ηνλ ρξφλν (Δηθφλα 1). 

Database

GPS

GPS
Wireless link

Wireless link

 
Δικόνα 1: Κινούμενα ανηικείμενα 

Σε έλα δεχηεξν επίπεδν, βξίζθεηαη ν ζπλδπαζκφο απηνχ ηνπ είδνπο ηεο πιεξνθνξίαο απφ ηελ ζθνπηά 

ηνπ θηλνχκελνπ αληηθεηκέλνπ, δεκηνπξγψληαο ηηο επνλνκαδφκελεο ηξνρηέο θηλνχκελσλ αληηθεηκέλσλ 

(Moving Object Trajectories – MOT). Βέβαηα, ε δηαδηθαζία παξαγσγήο ηξνρηψλ απφ έλα ζχλνιν 

ζεκείσλ ζε ζπλάξηεζε κε ηνλ ρξφλν (Trajectory Reconstruction), απαηηεί ηελ χπαξμε θαηάιιεινπ 

ινγηζκηθνχ, ην νπνίν βξίζθεηαη ζηελ θνξπθή ηνπ ζπζηήκαηνο δηαρείξηζεο βάζεσλ δεδνκέλσλ θαη 

δχλαηαη λα κνληεινπνηήζεη ηηο απαηηνχκελεο δνκέο δεδνκέλσλ γηα ηελ ππνζηήξημε ρσξηθψλ θαη ρξνληθψλ 

ραξαθηεξηζηηθψλ (Δηθφλα 2). 

Trajectory 

Reconstruction 

Module

 
Δικόνα 2: Απλές ηοποθεζίες και ηροτιές ποσ δημιοσργούνηαι 

Τν επφκελν ζηάδην είλαη ε ηξνθνδνζία ηεο βάζεο δεδνκέλσλ θηλνχκελσλ αληηθεηκέλσλ (Moving 

Object Database – MOD) κε φιεο ηηο απαξαίηεηεο πιεξνθνξίεο, ψζηε λα θαηαζηνχλ εθηθηέο νη δηάθνξεο 

ιεηηνπξγίεο εμφξπμεο δεδνκέλσλ (Data Mining – DM) θαη ιακβάλνληαο ππφςε ην εθάζηνηε γεσγξαθηθφ 

πιαίζην, φπσο επίζεο θαη ηα δηάθνξα γεσγξαθηθά επίπεδα, ζα επηηξέςνπλ ηελ εμαγσγή ρξήζηκσλ 

ζπκπεξαζκάησλ θαη ηειηθά γλψζεο, γηα ην ζπγθεθξηκέλν πεδίν έξεπλαο (Δηθφλα 3). 

Όπσο γίλεηαη βέβαηα αληηιεπηφ, ε εμφξπμε γλψζεο, απνηειεί έλαλ κφλν ηνκέα, ελφο επξχηεξνπ 

πεδίνπ έξεπλαο πνπ ζρεηίδεηαη κε ηηο ρσξν-ρξνληθέο πιεξνθνξίεο θηλνχκελσλ αληηθεηκέλσλ. Άιινη 



Ioannis S. Gkoutsidis MSc Thesis 

Trajectory Data Visualization: The VisualHERMES Tool 106 

ηνκείο ζην ελ ιφγσ πεδίν, κπνξεί λα πεξηιακβάλνπλ ηελ εμαγσγή πξνηχπσλ, ηελ νπηηθνπνίεζε ηεο 

πιεξνθνξίαο θ.ά. 

 
Δικόνα 3: Αρτιηεκηονική Βάζεφν Γεδομένφν Κινούμενφν Ανηικειμένφν (Marketos, et al., 2008) 

Έλα θξίζηκν ζεκείν γηα ηε ιεηηνπξγία ελφο ζπζηήκαηνο, ην νπνίν αθελφο κελ δηαρεηξίδεηαη ηξνρηέο 

θηλνχκελσλ αληηθεηκέλσλ, αθεηέξνπ δε απνηειεί ηελ πεγή παξνρήο ηέηνησλ πιεξνθνξηψλ ζε ηξίηα κέξε, 

είλαη ε κεηαθνξά ησλ δεδνκέλσλ. Πην ζπγθεθξηκέλα , ε αλάγθε ηεο δηα-ιεηηνπξγηθφηεηαο ζε επίπεδν 

δηαθηλνχκελσλ δεδνκέλσλ απφ θαη πξνο έλα ρσξηθφ ζχζηεκα δηαρείξηζεο βάζεσλ δεδνκέλσλ (Spatial 

Database Management Systems – SDBMS), θξίλεηαη επηηαθηηθή. Ωο δηα-ιεηηνπξγηθφηεηα ζηελ 

πξνθεηκέλε πεξίπησζε λνείηαη ε δπλαηφηεηα ελφο ηέηνηνπ ζπζηήκαηνο λα απνζηέιιεη δεδνκέλα πνπ 

ππφθεηληαη ζε κηα απην-πεξηγξαθφκελε ζήκαλζε, ε νπνία κε ηε ζεηξά ηεο είλαη αλαγλσξίζηκε απφ θάζε 

ελδηαθεξφκελν κέξνο. 

Μηα ηέηνηα πξνζέγγηζε πξνυπνζέηεη ηε κεζνιάβεζε, θαηάιιεινπ ινγηζκηθνχ, ην νπνίν ζα έρεη σο 

ζηφρν ηε κεηαηξνπή ησλ εμεξρφκελσλ, απφ ην ζχζηεκα δηαρείξηζεο βάζεσλ δεδνκέλσλ, δεδνκέλσλ ζε 

κηα θνηλψο απνδεθηή κνξθή φπσο απηή ηνπ eXtensible Markup Language – XML (Bray, et al., 2006) θαη 

(Bray, et al., 2006). Δπηπξφζζεηα, ηα εηζεξρφκελα δεδνκέλα θαινχληαη λα ζπκκνξθψλνληαη βάζεη ελφο 

πξνθαζνξηζκέλνπ ζρήκαηνο, έηζη ψζηε λα επηηπγράλεηαη ε απνδνρή ηνπο απφ ην ζχζηεκα δηαρείξηζεο 

βάζεσλ δεδνκέλσλ γηα ηελ πεξαηηέξσ επεμεξγαζία ηνπο. Έλα αληαγσληζηηθφ πιενλέθηεκα πνπ 

αλαθχπηεη απφ ηελ ρξήζε ηνπ XML πξνηχπνπ, είλαη ην γεγνλφο φηη επεηδή πξφθεηηαη γηα ρσξηθά 

δεδνκέλα, κπνξεί λα γίλεη ρξήζε ηνπ άκεζα ζρεηηδφκελνπ κε απηά πξνηχπνπ πεξηγξαθήο Geography 

Markup Language – GML (OGC, 2004). Με ηηο πην πξφζθαηεο κάιηζηα πξνζζήθεο ζηελ έθδνζε 3.1.1 

ηνπ GML (Cox, et al., 2004), είλαη εθηθηή ε κνληεινπνίεζε ηφζν ρσξηθψλ φζν θαη ρξνληθψλ 

ραξαθηεξηζηηθψλ, θαζψο επίζεο θαη ν ρεηξηζκφο θηλνχκελσλ αληηθεηκέλσλ, κέζσ ησλ αληίζηνηρσλ 

επεθηάζεσλ. 

Η εηζαγσγή κεραληζκψλ γηα ηε κνξθνπνίεζε ησλ δεδνκέλσλ (wrappers) βέβαηα, δελ πεξηνξίδεηαη 

ζηελ ρξήζε ησλ XML θαη GML πξνηχπσλ. Δίλαη δπλαηή ε κνληεινπνίεζε ησλ δεδνκέλσλ είηε βάζεη 

άιισλ γλσζηψλ θαη θνηλά απνδεθηψλ πξνηχπσλ, φπσο απηφ ηνπ Keyhole Markup Language – KML 

(Google Inc., 2008), ην νπνίν θέξεη αξθεηέο νκνηφηεηεο κε απηφ ηνπ GML, αιιά θαη ε πινπνίεζε 

πξνζαξκνζκέλσλ (custom) πξνηχπσλ αλαπαξάζηαζεο, ζχκθσλα κε ηηο εθάζηνηε αλάγθεο. 

Η ρξήζε θνηλά απνδεθηψλ πξνηχπσλ πνπ βαζίδνληαη ζην XML, φπσο απηά ησλ GML ή KML, εθηφο 

ησλ γλσζηψλ πιενλεθηεκάησλ φπσο απην-πεξηγξαθή, επεθηαζηκφηεηα, εχθνιε επεμεξγαζία θαη 

δηαθίλεζε, αλεμαξηεζία πιαηθφξκαο θ.ά., έρεη θαη νξηζκέλα κεηνλεθηήκαηα, ηα νπνία έγθεηληαη θπξίσο 

ζηε θχζε ησλ ρσξν-ρξνληθψλ δεδνκέλσλ θαη ζηνλ ηξφπν κε ηνλ νπνίν απηά κνξθνπνηνχληαη. Αλαθνξηθά 

κε ηελ XML κνξθνπνίεζε ησλ δεδνκέλσλ, πξέπεη λα επηζεκαλζεί φηη ηα GML έγγξαθα ηείλνπλ λα είλαη 

κεγάια ζε κέγεζνο, θπξίσο ιφγσ ηεο εθηελνχο ηεξαξρίαο πνπ ππάξρεη ζηo GML 3. Τν γεγνλφο απηφ 

θαζηζηά ηα ελ ιφγσ δεδνκέλα πην δχζθνια θαη πνιχπινθα ζηελ επεμεξγαζία ηνπο, ηδηαίηεξα φηαλ 

πξφθεηηαη γηα ηελ πεξηγξαθή κεγάινπ φγθνπ δεδνκέλσλ. Μηα ιχζε ζην δήηεκα απηφ, ζα κπνξνχζε λα 

δψζεη θάπνηα κέζνδνο ζπκπίεζεο (π.ρ. αιγφξηζκνο Deflate (Deutsch, 1996)), ε νπνία φκσο έρεη σο άκεζν 

αληίθηππν ηελ αχμεζε ηεο πνιππινθφηεηαο ηνπ ζπζηήκαηνο θαη ηνπ ρξφλνπ επεμεξγαζίαο. 

Σπκπεξαζκαηηθά, γίλεηαη θαηαλνεηφ, φηη ε ρξήζε XML wrappers/parsers, νη νπνίνη ππεηζέξρνληαη 

ζηε δηαδηθαζία αληαιιαγήο δεδνκέλσλ απφ θαη πξνο έλα ζχζηεκα δηαρείξηζεο βάζεσλ δεδνκέλσλ, 
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απνηειεί κηα αξθεηά θαιή ιχζε ζην δήηεκα ζηε δηα-ιεηηνπξγηθφηεηαο, κε απψηεξν ζηφρν ηε δεκηνπξγία 

ελφο ραιαξά ζπλδεδεκέλνπ (loosely-coupled) ζπζηήκαηνο γηα ην ζπγθεθξηκέλν ζθνπφ. 

Αντικείμενο εργασίας 

Τν HERMES (Pelekis, et al., 2006) απνηειεί έλα επέιηθην ππνινγηζηηθφ πιαίζην (framework), ηθαλφ λα 

ππνζηεξίμεη ηνλ ζρεδηαζκφ θαη ηελ αλάπηπμε ρσξν-ρξνληθψλ βάζεσλ δεδνκέλσλ. Δπηπιένλ, παξέρεη φιε 

ηελ απαηηνχκελε ππνδνκή γηα ηελ απνζηνιή εξσηεκάησλ ζε κηα βάζε δεδνκέλσλ κε θηλνχκελα 

αληηθείκελα (MOD), ησλ νπνίσλ ε ηνπνζεζία, ην ζρήκα θαη ην κέγεζνο κεηαβάιινληαη κέζα ζηνλ ρξφλν. 

Τν ζχζηεκα HERMES, έρεη αλαπηπρζεί σο επέθηαζε, ε νπνία παξέρεη ρσξν-ρξνληθέο δπλαηφηεηεο 

ζην αληηθεηκελν-ζρεζηαθφ ζχζηεκα βάζεσλ δεδνκέλσλ ηεο Oracle ζηελ έθδνζε 10g (Oracle Corp., 

2008). Δπηπιένλ, έρεη ζρεδηαζηεί θαηά ηέηνην ηξφπν, ψζηε λα είλαη δπλαηή ε ρξήζε ηνπ είηε σο ακηγψο 

ρσξηθνχ είηε σο ρξνληθνχ ζπζηήκαηνο, αιιά ε θχξηα ζπλεηζθνξά ηνπ έγθεηηαη ζηελ ππνζηήξημε ηεο 

δηαρείξηζεο ζπλερψο θηλνχκελσλ αληηθεηκέλσλ.  

Σηελ ηξέρνπζα έθδνζή ηνπ, ην HERMES, ιεηηνπξγεί σο απνζεηήξην (repository) δεδνκέλσλ ηξνρηψλ, 

κέζσ ηνπ νπνίνπ ν ρξήζηεο θαηαιήγεη λα έρεη ζηε δηάζεζή ηνπ έλα ζχλνιν ηξνρηψλ γηα ην θηλνχκελν 

αληηθείκελν πνπ ηνλ ελδηαθέξεη ζε κηα αληηθεηκελν-ζρεζηαθή κνξθή. Δπηπξφζζεηα, ν ρξήζηεο κπνξεί λα 

εθηειέζεη κηα ζεηξά εξσηεκάησλ ζηα δεδνκέλα ησλ ηξνρηψλ (ρξεζηκνπνηψληαο ρσξν-ρξνληθνχο ηειεζηέο 

ή/θαη φρη) θαη λα ιάβεη ηα αληίζηνηρα απνηειέζκαηα. Με ηνλ ξφιν ηνπ, σο απνζεηήξην ηξνρηψλ 

θηλνχκελσλ αληηθεηκέλσλ, ην HERMES, ρξεζηκνπνηείηαη παξάιιεια θαη σο πεγή παξνρήο δεδνκέλσλ ζε 

κηα ζεηξά επηκέξνπο εθαξκνγψλ, νη νπνίεο επηηεινχλ ζπγθεθξηκέλνπο ζθνπνχο, φπσο γηα παξάδεηγκα 

ινγηζκηθφ θφξησζεο δεδνκέλσλ, εμφξπμεο γλψζεο, νπηηθνπνίεζεο πιεξνθνξίαο θ.ά. (Δηθφλα 4). Με ηελ 

παξνχζα πινπνίεζε βέβαηα, δεκηνπξγείηαη άκεζα ε αλάγθε ηεο κνξθνπνίεζεο ησλ δεδνκέλσλ πνπ 

αληαιιάζζνληαη κεηαμχ ηνπ απνζεηεξίνπ θαη ησλ δηάθνξσλ εθαξκνγψλ, βάζεη ελφο θνηλά απνδεθηνχ 

πξνηχπνπ, κε απψηεξν ζηφρν ηε δεκηνπξγία ελφο πην επέιηθηνπ θαη επεθηάζηκνπ ζπζηήκαηνο. 

 
Δικόνα 4: Το ζύζηημα HERMES 

Με θχξην ζηφρν ηελ αλάπηπμε ελφο πην αλεμάξηεηνπ θαη επέιηθηνπ ζπζηήκαηνο, θξίλεηαη αλαγθαία ε 

πινπνίεζε ελφο αλψηεξνπ επηπέδνπ επεμεξγαζίαο γηα ηε ζήκαλζε ηφζν ησλ εηζεξρφκελσλ δεδνκέλσλ, 

φζν θαη ησλ εμεξρφκελσλ απνηειεζκάησλ, κε ηελ ρξήζε ηνπ GML πξνηχπνπ. Με βάζε ηελ ηειεπηαία 

έθδνζε ηνπ ελ ιφγσ πξνηχπνπ (3.1.1), είλαη δπλαηή ε αλαπαξάζηαζε θαη θηλνχκελσλ αληηθεηκέλσλ. Η 

πξφηαζε ζηεξίδεηαη ζηελ ηδέα ηεο πινπνίεζεο ελφο επηπιένλ κεραληζκνχ, ν νπνίνο ζα παξεκβάιιεηαη 

κεηαμχ ηνπ HERMES θαη ηεο εθάζηνηε εθαξκνγήο (Δηθφλα 5) θαη ζα είλαη ζε ζέζε λα: 

1. Παξέρεη έλα πξνθαζνξηζκέλν ζχλνιν GML πξνηχπσλ, ηα νπνία ζα κπνξνχλ λα 

ρξεζηκνπνηεζνχλ απφ ηνλ ρξήζηε γηα ηελ απνζηνιή ρσξν-ρξνληθψλ εξσηεκάησλ πξνο ην 
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ζχζηεκα δηαρείξηζεο βάζεσλ δεδνκέλσλ θαη ηα νπνία ζα κεηαηξέπνληαη, ελ ζπλερεία, ζε SQL 

εξσηήκαηα, έηζη ψζηε λα είλαη δπλαηή ε πεξαηηέξσ επεμεξγαζία ηνπο θαη 

2. Λάβεη ηα SQL απνηειέζκαηα θαη πξηλ απηά απνζηαινχλ πίζσ ζηνλ ρξήζηε, λα κεηαηξέπνληαη 

ζε δνκέο δεδνκέλσλ βάζεη ηνπ GML πξνηχπνπ, δίλνληαο κε ηνλ ηξφπν απηφ, ζηνλ ηειηθφ 

ρξήζηε έλα απην-πεξηγξαθφκελν ζχλνιν απνηειεζκάησλ ζε ζρέζε κε ην εξψηεκα πνπ 

εθηέιεζε. 

 
Δικόνα 5: Δπέκηαζη με ηην ειζαγφγή wrapper 

Με δεδνκέλν φηη ην GML πξφηππν είλαη ζε ζέζε λα πεξηγξάςεη ρσξηθέο θαη κε έλλνηεο, θαζίζηαηαη 

ηδαληθή ιχζε ηφζν γηα ηε δεκηνπξγία ηξνρηψλ θηλνχκελσλ αληηθεηκέλσλ (κε ηελ ρξήζε LineStrings ζηελ 

πιένλ βαζηθή ηνπο κνξθή), φζν θαη γηα ηε ζπλνδεία ησλ δεδνκέλσλ απηψλ απφ άιιεο, κε ρσξηθέο, 

πιεξνθνξίεο, νη νπνίεο φκσο είλαη αλαγθαίεο γηα ηελ πεξηγξαθή ηνπ εθάζηνηε αληηθεηκέλνπ. Δπηπιένλ, ην 

γεγνλφο φηη ην GML πξφηππν βαζίδεηαη ζηελ XML θηινζνθία κνξθνπνίεζεο δεδνκέλσλ, θαζηζηά 

δπλαηή ηε κεηαηξνπή ησλ GML δεδνκέλσλ ζε νπνηαδήπνηε XML κνξθή νπηηθνπνίεζεο, φπσο Vector 

Markup Language – VML (Mathews, et al., 1998), KML θ.ά., εξγαζία πνπ κπνξεί λα επσκηζηεί είηε ν 

δηαθνκηζηήο (server) είηε ν πειάηεο (client). Με ηνλ ηξφπν απηφ, επηηπγράλεηαη ε άκεζε νπηηθνπνίεζε 

ησλ απνηειεζκάησλ, πνπ επηζηξέθνληαη απφ ην HERMES, επί ράξηνπ, κε ρξήζε κεραλψλ ηξίησλ 

θαηαζθεπαζηψλ, φπσο Microsoft Virtual Earth (Microsoft Virtual Earth, 2008), Google Maps (Google 

Maps, 2008), Google Earth (Google Earth, 2008) θ.ιπ. 

Βάσεις Δεδομένων Κινούμενων Αντικειμένων 

Η δηαρείξηζε δεδνκέλσλ πνπ παξάγνληαη απφ θηλνχκελα αληηθείκελα απαζρνιεί ηελ εξεπλεηηθή 

θνηλφηεηα ησλ Φσξηθψλ Βάζεσλ Γεδνκέλσλ (ΦΒΓ). Δθαξκνγέο εληνπηζκνχ (positioning) εκθαλίδνληαη 

ηα ηειεπηαία ρξφληα ζηελ αγνξά. Η θηλεηή ηειεθσλία θαη ηα ζπζηήκαηα παξαθνινχζεζεο εκπνξηθψλ 

ζηφισλ ήδε ρξεζηκνπνηνχλ ηερλνινγία παξαθνινχζεζεο θηλνχκελσλ αληηθεηκέλσλ. Πιένλ, νη ζπζθεπέο 

εληνπηζκνχ έρνπλ πνιχ κηθξφ κέγεζνο θαη κπνξνχλ λα εγθαηαζηαζνχλ ζε δηαθνξψλ εηδψλ θηλεηφ 

εμνπιηζκφ (portable equipment). Όιεο απηέο νη ζπζθεπέο παξάγνπλ πνιχ κεγάιν φγθν δεδνκέλσλ, 

απνηεινχκελν απφ ρξνλν-ζεκαζκέλα ζηίγκαηα (time-stamped positions). Η δηαδηθαζία απηή εγείξεη 

ζέκαηα κεηάδνζεο (transmission), απνζήθεπζεο (storage), ππνινγηζκνχ (computation) θαη 

νπηηθνπνίεζεο (visualization). 
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Χωρο-χρονικά δεδομένα 

Ωο ρσξν-ρξνληθά δεδνκέλα νξίδνπκε κηα θιάζε δεδνκέλσλ πνπ παξάγεηαη απφ ηε ζπζηεκαηηθή 

πεξηγξαθή ησλ ρσξν-ρξνληθψλ θαηλνκέλσλ. Φσξν-ρξνληθφ θαηλφκελν είλαη έλα θαηλφκελν θαηά ην 

νπνίν ε ζέζε ή/θαη ε έθηαζε ελφο ρσξηθνχ αληηθεηκέλνπ, πνπ κπνξεί λα είλαη ζεκείν ή πνιχγσλν, 

κεηαβάιινληαη κε ηνλ ρξφλν. 

Η ππάξρνπζα ηερλνινγία παξέρεη ηε δπλαηφηεηα ηέηνησλ ιεηηνπξγηψλ. Ο εληνπηζκφο ηεο ζέζεο ελφο 

αληηθεηκέλνπ κε κεγάιε αθξίβεηα είλαη εθηθηφο κε ρξήζε ηερλνινγηψλ GPS (Global Positioning Systems). 

Η δηνρέηεπζε ησλ παξαγφκελσλ δεδνκέλσλ ζε θφκβνπο επεμεξγαζίαο είλαη εθηθηφο ράξε ζηελ αλάπηπμε 

ησλ αζχξκαησλ ηειεπηθνηλσληψλ. 

Η πξναλαθεξζείζα γεσκεηξηθή κεηαβνιή ζηελ θαηάζηαζε ησλ αληηθεηκέλσλ κπνξεί λα ζπκβαίλεη 

είηε κε ηξφπν δηαθξηηφ είηε κε ηξφπν ζπλερή. Σηελ παξνχζα εξγαζία, ην ελδηαθέξνλ επηθεληξψλεηαη ζηε 

ζπλερή θίλεζε ζεκεηαθψλ αληηθεηκέλσλ. Η θίλεζε απηή παξαθνινπζείηαη κε δηαθξηηφ ηξφπν. Θεσξνχκε, 

δει., φηη κε θάπνην ξπζκφ, φρη απαξαίηεηα ζηαζεξφ, έλα θηλνχκελν αληηθείκελν (εμνπιηζκέλν κε 

θαηάιιειε ηερλνινγία φπσο GPS/General Packet Radio Service – GPRS) απνζηέιιεη ζηίγκα αλά ηαθηά 

ρξνληθά δηαζηήκαηα. 

Κινούμενα αντικείμενα 

Ο θφζκνο καο είλαη ζπλσζηηζκέλνο απφ θηλνχκελεο κνλάδεο. Η θηλεηηθφηεηα (mobility) ησλ κνλάδσλ 

δεκηνπξγεί θίλεζε (traffic). Η θίλεζε απηή δεκηνπξγεί κνηίβα (patterns). Η αλάιπζε θαη ε θαηαλφεζε 

ησλ κνηίβσλ θίλεζεο κπνξεί λα νδεγήζεη ζηελ εμαγσγή ζεκαληηθψλ ζπκπεξαζκάησλ. Οκάδεο 

θηλνχκελσλ αληηθεηκέλσλ κπνξεί λα είλαη έλαο ζηφινο απφ θνξηεγά πνπ εθηεινχλ κεηαθνξέο ζηελ 

επηθξάηεηα κηαο ρψξαο, πεδνί ζε εκπνξηθά θέληξα, ζηαζκνχο ηξέλσλ ή αεξνδξφκηα, θαξφηζηα ζε super 

markets, δψα ζε βηνηφπνπο θ.ιπ. Όια απηά ηα θηλνχκελα αληηθείκελα πξέπεη, θπζηθά, λα είλαη 

εμνπιηζκέλα κε θάπνηα ζπζθεπή εληνπηζκνχ. 

Η θίλεζε ησλ αληηθεηκέλσλ ελδέρεηαη λα ππφθεηηαη ζε πεξηνξηζκνχο, ζηελά ζπλδεδεκέλνπο κε ηε 

θχζε ησλ αληηθεηκέλσλ πνπ παξαηεξνχληαη θαη ηνπ ρψξνπ, ζηνλ νπνίν θηλνχληαη. Γηα παξάδεηγκα, ε 

θίλεζε ελφο πεδνχ εκπνδίδεηαη απφ θάπνην θπζηθφ εκπφδην. Αληίζεηα, ε θίλεζε ελφο πινίνπ πεξηνξίδεηαη 

ζε ζαιάζζηεο εθηάζεηο ρσξίο φκσο πνιινχο πεξηνξηζκνχο. Η θίλεζε ελφο πηελνχ ππφθεηηαη ζε αθφκε 

ιηγφηεξνπο πεξηνξηζκνχο θνθ. Η θίλεζε ζε δίθηπν έρεη κεγάιν ελδηαθέξνλ. Γηα παξάδεηγκα, ε θίλεζε 

νρεκάησλ ζηελ πφιε γίλεηαη ζην νδηθφ ηεο δίθηπν. 

Τροχιές κινούμενων αντικειμένων 

Η θίλεζε ελφο αληηθεηκέλνπ ζην επίπεδν κπνξεί λα αλαπαξαζηαζεί κε ηελ ηξνρηά ηνπ ζε ηξηζδηάζηαην 

ζχζηεκα αμφλσλ (Δηθφλα 6), ην νπνίν ζπληίζεηαη απφ δχν ρσξηθέο (x, y) θαη κία ρξνληθή (t) 

ζπληεηαγκέλε. 

Μία ηξνρηά κπνξεί λα πξνζεγγηζηεί απφ κία αθνινπζία απφ πιεηάδεο ηεο κνξθήο: 

<object_id, timestamp, x_coordinate, y_coordinate> 

Όπνπ: 

 object_id: ε κνλαδηθή ηαπηφηεηα ηνπ θηλνχκελνπ αληηθεηκέλνπ 

 timestamp: ην ρξνλφζεκν, πνπ πεξηγξάθεη ηελ ρξνληθή ζηηγκή, ζηελ νπνία αλαθέξεηαη ε 

πιεηάδα 

 x_coordinate: ε ηεηκεκέλε θαη 

 y_coordinate: ε ηεηαγκέλε 

Οη πιεηάδεο απηέο είλαη ηα ζηίγκαηα. 

Αθνχ νη ζπλερήο θαηαγξαθήο ηεο ηξνρηάο είλαη πξαθηηθά αδχλαηε, ε εχξεζε ηεο ζέζεο αληηθεηκέλνπ 

γηα θάπνηα ελδηάκεζε ρξνληθή ζηηγκή κπνξεί λα πξνθχςεη κε παξεκβνιή. Η γξακκηθή παξεκβνιή 

θξίλεηαη επαξθήο γηα ηηο πεξηζζφηεξεο εθαξκνγέο. Δλαιιαθηηθά, πην πνιχπινθεο ηερληθέο, φπσο ηα 

πνιπψλπκα splines, κπνξνχλ λα ρξεζηκνπνηεζνχλ γηα ηελ θαιχηεξε εθηίκεζε ηεο ζέζεο ηνπ 

αληηθεηκέλνπ ζε ρξνληθέο ζηηγκέο γηα ηηο νπνίεο δελ ππάξρεη πιεξνθνξία. 

Θεσξψληαο γξακκηθή παξεκβνιή, ηα γλσζηά ζεκεία ζεσξνχληαη άθξα επζπγξάκκσλ ηκεκάησλ θαη ε 

ηξνρηά πξνζεγγίδεηαη απφ κία ηεζιαζκέλε πνιχ-γξακκή. 
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Δικόνα 6: Αναπαράζηαζη ηροτιάς κινούμενοσ ανηικειμένοσ (x, y, t) 

Ερωτήματα σε κινούμενα αντικείμενα 

Τα ζπζηήκαηα δηαρείξηζεο δεδνκέλσλ πνπ παξάγνληαη απφ θηλνχκελα αληηθείκελα νθείινπλ λα 

απνθξίλνληαη ζε δηάθνξα εξσηήκαηα. Τα εξσηήκαηα ζέζεο (location-based) αθνξνχλ ηελ θχξηα 

πιεξνθνξία πνπ θαηαγξάθεη έλα ζχζηεκα. Γηαθξίλνληαη ζηα: 

 Δξσηήκαηα ρσξν-ρξνληθνχ παξαζχξνπ: Δθαξκφδεηαη έλα ρσξηθφ θαη έλα ρξνληθφ παξάζπξν 

ζπγθεθξηκέλνπ εχξνπο θαη επηιέγνληαη ηκήκαηα ηξνρηψλ πνπ ην ηέκλνπλ. 

 Δξσηήκαηα εγγχηεξνπ γείηνλα: Δχξεζε k-πιεζηέζηεξσλ αληηθεηκέλσλ ζε θάπνην άιιν 

αληηθείκελν. Οη γείηνλεο είλαη απηνί πνπ βξέζεθαλ θνληά κε βάζε θάπνηα κεηξηθή ηεο 

απφζηαζεο (Δπθιείδεηα, Manhattan θ.α.) ζε αληίζηνηρα ρξνλφζεκα. 

 Δξσηήκαηα θιηκαθνχκελεο απφζηαζεο: Όκνηα κε ηα εξσηήκαηα εγγχηεξνπ γείηνλα. Η δηαθνξά 

ηνπο έγθεηηαη ζην γεγνλφο φηη δελ αλαδεηνχληαη k αληηθείκελα, αιιά ν θαηάινγνο ησλ ινηπψλ 

αληηθεηκέλσλ κε δηάηαμε βάζεη ηεο απφζηαζεο. 

 Δξσηήκαηα ρξνληθνχ ηεκαρίνπ: αλαδήηεζε ζέζεσλ αληηθεηκέλνπ γηα ζπγθεθξηκέλν ρξνληθφ 

παξάζπξν. 

Δεικτοδότηση κινούμενων αντικειμένων 

Η ζπγρξνληζκέλε επνπηεία (online) κεγάινπ αξηζκνχ θηλνχκελσλ αληηθεηκέλσλ ζέηεη δχζθνια 

πξνβιήκαηα ζρεηηθά κε ηελ απνηειεζκαηηθή πξνζπέιαζε ηεο πιεξνθνξίαο. Λφγσ ηνπ κεγάινπ φγθνπ 

ηεο πιεξνθνξίαο, ε ρξήζε δίζθνπ θξίλεηαη αλαπφθεπθηε. Σπλεπψο, ε επηλφεζε θαηάιιεισλ δνκψλ 

δεδνκέλσλ δεηθηψλ ή επξεηεξίσλ (indexes) είλαη αλαγθαία. Οη ηερληθέο πνπ έρνπλ πξνηαζεί αθνινπζνχλ 

δχν θπξίσο ηάζεηο. Η πξψηε είλαη απηή πνπ ζπκπεξηθέξεηαη ζηελ ρξνληθή δηάζηαζε σο κία αθφκε 

δηάζηαζε (time-oblivious). Η δεχηεξε, αλαθέξεηαη σο θηλεηέο δνκέο δεδνκέλσλ (kinetic data structures) 

θαη επηρεηξεί ηελ θαηαζθεπή ελφο δπλακηθνχ δείθηε ζηελ θχξηα κλήκε γηα ηελ παξαθνινχζεζε ηεο 

θίλεζεο ζεκεηαθψλ αληηθεηκέλσλ. 

Η δεηθηνδφηεζε θηλνχκελσλ αληηθεηκέλσλ βαζίδεηαη θπξίσο ζε ππάξρνπζεο ηερληθέο γηα ρσξηθά 

αληηθείκελα, κε θπξίαξρν ην R-tree (Guttman, 1984). Παξαιιαγέο, φπσο ην Spatio-Temporal R-tree - 

STR-tree (Pfoser, et al., 2000), ην Trajectory-Bundle tree – TB-tree (Pfoser, et al., 2000), ην Time-

Parameterized tree – TPR-tree (Saltenis, et al., 2000), ην R
EXP

-tree (Saltenis, et al., 2002) θαη ην STAR-

tree (Procopiuc, et al., 2002), πξνζπαζνχλ λα θαιχςνπλ ηελ αλεπάξθεηα ηνπ R-tree ζηε δεηθηνδφηεζε 

θηλνχκελσλ αληηθεηκέλσλ. 

Αρχιτεκτονική και λειτουργικότητα ΒΔ Κινούμενων Αντικειμένων 

Μηα ΒΓ Κηλνχκελσλ Αληηθεηκέλσλ απνηειείηαη απφ ζηαηηθή ρσξηθή (γεσγξαθηθή) θαη ρξνληθή 

πιεξνθνξία, κέξνο ηεο νπνίαο ελεκεξψλεηαη ζε πξαγκαηηθφ ρξφλν. Η ζηαηηθή πιεξνθνξία πεξηιακβάλεη 
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ράξηεο, πιεξνθνξίεο ζρεηηθά κε ηα θηλνχκελα αληηθείκελα θαη ζρέδηα θίλεζεο (γηα παξάδεηγκα, ην φρεκα 

v μεθηλά απφ ηε δηεχζπλζε a θαη θάλεη παξαδφζεηο ζηηο δηεπζχλζεηο b, c θαη d). 

 

Δικόνα 7: Καηηγορίες ερφηημάηφν ζε κινούμενα ανηικείμενα 

Οη ελεκεξψζεηο πξαγκαηηθνχ ρξφλνπ πεξηιακβάλνπλ ηελ ηξέρνπζα ζέζε θαη άιιε πιεξνθνξία 

πξνεξρφκελε απφ αηζζεηήξεο. Απηφ είλαη έλα ηδεαηφ κνληέιν. Σηελ πξάμε, ε πιεξνθνξία ζέζεο κπνξεί 

λα κελ είλαη νινθιεξσκέλε, δειαδή κπνξεί λα είλαη δηαζέζηκεο κφλν κεξηθέο ηξνρηέο. Δπίζεο, ε ΒΓ 

κπνξεί λα είλαη θαηαλεκεκέλε αληί θεληξνπνηεκέλε. 

Τέινο, ε θαηαλνκή κπνξεί λα είλαη αλάκεζα ζηα ίδηα ηα θηλνχκελα αληηθείκελα εθηφο απφ ηελ εηδηθή 

πεξίπησζε, φπνπ ην θάζε θηλνχκελν αληηθείκελν απνζεθεχεη ηε δηθή ηνπ πιεξνθνξία ζέζεο. 

Μηα άιιε γελίθεπζε απνηειεί ε πιεξνθνξία αηζζεηήξσλ, ε νπνία ζρεηίδεηαη κε ηελ πιεξνθνξία 

ρξφλνπ θαη ζέζεο. Μεξηθά ηέηνηα παξαδείγκαηα είλαη ην επίπεδν ησλ θαπζίκσλ, νη εηθφλεο 

πεξηβάιινληνο, ε δεζκεπκέλε πιεξνθνξία απφ ηνπο αηζζεηήξεο (γηα παξάδεηγκα, ε δηαζεζηκφηεηα κίαο 

ζέζεο ζην γεηηνληθφ παξθηλγθ) θαζψο θαη έλα αηχρεκα ζε απφζηαζε, ην νπνίν δειψλεηαη απφ έλαλ 

αηζζεηήξα αεξφζαθσλ. 

Μηα ΒΓ Κηλνχκελσλ Αληηθεηκέλσλ απνζεθεχεη θαη δηαρεηξίδεηαη ηε ζέζε θαζψο θαη άιιε δπλακηθή 

πιεξνθνξία ζρεηηθή κε ηα θηλνχκελα αληηθείκελα. Απφ επάλσ πξνο ηα θάησ, κπνξεί λα πεξηγξαθεί ζαλ 

κία αξρηηεθηνληθή ηξηψλ επηπέδσλ: 

1. Μηα πεξηβνιή ινγηζκηθνχ (software envelop), ε νπνία δηαρεηξίδεηαη ηα δπλακηθά ζηνηρεία ηνπ 

ζπζηήκαηνο. 

2. Έλα Σχζηεκα Γεσγξαθηθήο Πιεξνθνξίαο (GIS), ην νπνίν παξέρεη δηάθνξεο ιεηηνπξγίεο γηα ηε 

δηαρείξηζε ηεο γεσγξαθηθήο πιεξνθνξίαο. 

3. Έλα Σχζηεκα Γηαρείξηζεο ΒΓ, ην νπνίν απνζεθεχεη θαη δηαρεηξίδεηαη ηελ πιεξνθνξία. 

Δπνκέλσο, έρνπκε ρξεζηκνπνηήζεη έλα DBMS θαη έλα GIS γηα λα θαηαζθεπάζνπκε κία πιαηθφξκα 

γηα ηελ αλάπηπμε εθαξκνγψλ ππεξεζηψλ πνπ είλαη βαζηζκέλεο ζηε ζέζε. Η πιεξνθνξία ζέζεσλ θαη 

άιιεο ηηκέο δπλακηθψλ ραξαθηεξηζηηθψλ ξένπλ απφ ηα θηλνχκελα αληηθείκελα κέρξη εθεί φπνπ βξίζθεηαη 

ε ΒΓ Κηλνχκελσλ Αληηθεηκέλσλ (γεληθά, ζε proxies θαη ζε άιια ζηνηρεία ηνπ αζχξκαηνπ δηθηχνπ). 

Σηελ πξνεγνχκελε πεξηγξαθή ππνζέζακε κία θεληξηθή αξρηηεθηνληθή. Ωζηφζν, δελ είλαη ξεαιηζηηθφ 

λα ζθεθζνχκε έλαλ θεληξηθφ proxy, φπνπ ε ελδηαθέξνπζα πιεξνθνξία ζηέιλεηαη απφ φια ηα θηλνχκελα 

αληηθείκελα θαη ν νπνίνο ζα κπνξνχζε λα θαηαθιπζζεί απφ ηελ πιεξνθνξία απηή. Με ηνλ ηξφπν, κε ηνλ 

νπνίν ηα αζχξκαηα δίθηπα απνηεινχληαη απφ έλα δίθηπν ζηνηρείσλ (proxies), κε ηνλ ίδην ηξφπν θαη ηα 

ζηνηρεία απηά παξέρνπλ ζπλδεζηκφηεηα ζηα θηλνχκελα αληηθείκελα πνπ βξίζθνληαη ζηελ πεξηνρή ηνπο. 

Γηα ην ιφγν απηφ, ζα κπνξνχζακε λα ζεσξήζνπκε, φηη ε πξνζέγγηζε απηή είλαη θαηαλεκεκέλε θαη ηθαλή 

λα δηαρεηξηζζεί εξσηήκαηα ζέζεσλ, ηα νπνία πεξηιακβάλνπλ θηλνχκελα αληηθείκελα θαηαλεκεκέλα 

γεσγξαθηθά. 
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Δπνκέλσο, ηα εξσηήκαηα ζα πξέπεη λα απαληεζνχλ κε έλαλ απμεηηθφ ηξφπν (αλά πεξηνρή). Σηε 

ζπλέρεηα, ζα πξέπεη ηα δηαθνξεηηθά απνηειέζκαηα λα ζπλδπαζζνχλ αλαδξνκηθά, ψζηε λα ιεθζεί έλα 

ηειηθφ απνηέιεζκα πνπ ζα παξνπζηαζζεί ζην ρξήζηε. Η παιηά ηερλνινγία (Mokbel, et al., 2003) κπνξεί 

λα είλαη κία θαιή επηινγή γηα λα πινπνηήζνπκε κία παξφκνηα πξνζέγγηζε. 

Οη θηλεηνί πξάθηνξεο (mobile agents) ζα κεηαθέξνπλ ηελ πιεξνθνξία (επηκέξνπο εξσηήκαηα θαη ηηο 

απαληήζεηο ηνπο) ζην ζσζηφ κέξνο, ζα ρεηξίδνληαη ηα πξνβιήκαηα δηαζχλδεζεο θαη ηηο θαζπζηεξήζεηο 

ηνπ δηθηχνπ θαη γηα απηφ ζα πξνζαξκφδνληαη θαιά ζηε δπλακηθή θχζε ησλ αζχξκαησλ δηθηχσλ. Μία 

εξεπλεηηθή εξγαζία πνπ ρξεζηκνπνηεί ηελ ηερλνινγία απηή απνηειεί ε αλαθνξά (Harri, et al., 2002). Η 

θαηαλεκεκέλε πξνζέγγηζε πνπ πεξηγξάθεηαη εθεί θιηκαθψλεηαη θαιά, θάηη ην νπνίν είλαη έλα πνιχ 

ζεκαληηθφ ραξαθηεξηζηηθφ ζηα δπλακηθά πεξηβάιινληα, φπσο ηα αζχξκαηα δίθηπα. 

Εφαρμογές Βάσεων Δεδομένων Κινούμενων Αντικειμένων 

Κάπνηεο απφ ηηο εθαξκνγέο πνπ κπνξνχλ λα αλαπηπρζνχλ ζηεξηδφκελεο ζηηο ηερλνινγίεο ησλ βάζεσλ 

δεδνκέλσλ θηλνχκελσλ αληηθεηκέλσλ είλαη νη εμήο: 

Αλαθάιπςε γεσγξαθηθψλ πεγψλ: Έλαο ρξήζηεο θηλεηνχ ηειεθψλνπ παξέρεη ηε κειινληηθή ηξνρηά 

ηνπ ζε έλαλ πάξνρν ππεξεζηψλ θαη πεξηκέλεη ηελ απάληεζε ζε εξσηήκαηα/ελεξγνπνηήζεηο φπσο: 

Ελεκέξωζέ κε όηαλ βξεζώ 2 ρηιηόκεηξα καθξηά από έλα μελνδνρείν πνπ έρεη δηαζέζηκα δωκάηηα κε θόζηνο 

ιηγόηεξν από Χ επξώ γηα θάζε δηαλπθηέξεπζε. Ο πάξνρνο ππεξεζηψλ ρξεζηκνπνηεί κία ΒΓ θηλνχκελσλ 

αληηθεηκέλσλ γηα λα απνζεθεχζεη ηελ πιεξνθνξία ζέζεο ησλ πειαηψλ ηνπ θαη απαληά ζηα 

εξσηήκαηα/ελεξγνπνηήζεηο ηνπο. 

Μεηαθνξέο: Τα ηαμί, νη ηαρπκεηαθνξέο, νη απνθξίζεηο ζε επείγνληα πεξηζηαηηθά, ηα κέζα κεηαθνξάο, 

ν έιεγρνο θπθινθνξίαο, ε δηαρείξηζε αιπζίδαο πξνκεζεηψλ θαη ε δηακεηαθνκηζηηθή απνηεινχλ κεξηθέο 

κφλν εθαξκνγέο. Σε φιεο απηέο ηηο εθαξκνγέο, ε ΒΓ θηλνχκελσλ αληηθεηκέλσλ απνζεθεχεη ηηο ηξνρηέο 

ησλ θηλνχκελσλ αληηθεηκέλσλ θαη απαληά ζε εξσηήκαηα φπσο: Πνην ηαμί αλακέλεηαη λα βξεζεί εγγύηεξα 

ζε κία ζπγθεθξηκέλε δηεύζπλζε ζε 30 ιεπηά από ηώξα. Πόηε ζα θζάζεη ην ιεωθνξείν ζε κία ζπγθεθξηκέλε 

ζηάζε. Πόζεο θνξέο θαηά ηε δηάξθεηα ηνπ πξνεγνύκελνπ κήλα, ην ιεωθνξείν 25 άξγεζε πεξηζζόηεξν από 

10 ιεπηά. 

Δκπφξην θαη πψιεζε ζέζεο: Σηηο εθαξκνγέο απηέο, θνππφληα θαη άιιε πιεξνθνξία πσιήζεσλ, 

βαζηζκέλε ζηε ζέζε, πξνσζείηαη ζε κία θηλεηή ζπζθεπή πνπ πξνβάιεη ππνζεηηθά ηηο επηινγέο ηνπ 

ρξήζηε. 

Έιεγρνο ελαέξηαο θπθινθνξίαο: Σήκεξα νη ηαθηηθέο εκπνξηθέο πηήζεηο αθνινπζνχλ ζπγθεθξηκέλνπο 

αεξνδηαδξφκνπο, αιιά ζε πεξίπησζε κίαο ειεχζεξεο πηήζεο, κηα ηππηθή ελεξγνπνίεζε πξνο ηνλ πχξγν 

ελαέξηνπ ειέγρνπ ζα ήηαλ: Βξεο όια ηα δεύγε αεξνπιάλωλ πνπ βξίζθνληαη ζε πνξεία ζύγθξνπζεο ή 

αλακέλεηαη λα βξίζθνληαη κεηαμύ ηνπο ζε απόζηαζε κηθξόηεξε από 1 ρηιηόκεηξν. 

Γπλακηθή θαηαλνκή εχξνπο δψλεο ζην δίθηπα θειηψλ: Οη πάξνρνη ππεξεζηψλ θειηψλ κπνξεί λα 

εληνπίζνπλ ηνπο πειάηεο ηνπο θαη λα αιιάμνπλ δπλακηθά ηελ θαηαλνκή ηνπ εχξνπο δψλεο ζε 

δηαθνξεηηθά θειηά, γηα λα ηθαλνπνηήζνπλ ηελ δηαθνξεηηθή ππθλφηεηα ησλ πειαηψλ ηνπο. 

Oracle Spatial 

Η Oracle Database απνηειεί έλα απφ ηα δηαδεδνκέλα Σπζηήκαηα Γηαρείξηζεο Βάζεσλ Γεδνκέλσλ 

(DBMS). Σηελ παξνχζα εθαξκνγή ρξεζηκνπνηήζεθε ε έθδνζε Oracle Spatial 10g, ε νπνία ππνζηεξίδεη 

ρσξηθέο βάζεηο δεδνκέλσλ, δειαδή βάζεηο δεδνκέλσλ ζηηο νπνίεο είλαη δπλαηή επηπιένλ ε απνζήθεπζε, 

εηζαγσγή, ελεκέξσζε θαη απνδνηηθφο ρεηξηζκφο (κε ηα ρσξηθά επξεηήξηα) ρσξηθψλ δεδνκέλσλ θαη 

απνδνηηθή δηεμαγσγή ρσξηθψλ επεξσηήζεσλ ζε απηά. Παξάιιεια είλαη δπλαηφο θαη ν ηαπηφρξνλνο 

ρεηξηζκφο κε ρσξηθψλ δεδνκέλσλ. 

HERMES-Moving Data Cartridge 

Τν ζχζηεκα HERMES έρεη πινπνηεζεί σο επέθηαζε ζπζηήκαηνο, πνπ παξέρεη ρσξν-ρξνληθέο 

ιεηηνπξγίεο ζην Αληηθεηκελν-Σρεζηαθφ Σχζηεκα Γηαρείξηζεο Βάζεσλ Γεδνκέλσλ (Object-Relational 

Database Management System – ORDBMS) ηεο Oracle 10g. Δίλαη ζρεδηαζκέλν θαηά ηέηνην ηξφπν ψζηε 

λα κπνξεί λα ρξεζηκνπνηεζεί σο έλα ακηγψο ρσξηθφ είηε ρξνληθφ ζχζηεκα, αιιά ε θχξηα 

ιεηηνπξγηθφηεηά ηνπ έγθεηηαη ζηελ ππνζηήξημε ηεο κνληεινπνίεζεο (modeling) θαη απφθξηζεο ζε 
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εξσηήκαηα (querying) πνπ αθνξνχλ ζπλερψο θηλνχκελα αληηθείκελα. Μία ηέηνηα ζπιινγή ηχπσλ 

δεδνκέλσλ θαη ησλ αληίζηνηρσλ κεζφδσλ ηνπο νξίδνληαη, πινπνηνχληαη θαη παξέρνληαη σο επέθηαζε 

(data cartridge) ηεο Oracle. Τν HERMES Moving Data Cartridge (HERMES-MDC) απνηειεί ηνλ 

αθξνγσληαίν ιίζν ζηελ φιε αξρηηεθηνληθή ηνπ ζπζηήκαηνο HERMES. Παξέρεη φιεο ηηο απαξαίηεηεο 

ιεηηνπξγίεο γηα ηε δεκηνπξγία θηλνχκελσλ θαη κεηαβαιιφκελσλ ζε κέγεζνο ή/θαη ζην πεδίν ηνπ ρξφλνπ, 

γεσκεηξηψλ. Καζέλα απφ ηα θηλνχκελα απηά αληηθείκελα είλαη εθνδηαζκέλν κε κηα νκάδα κεζφδσλ, νη 

νπνίεο παξέρνπλ ζηνλ ρξήζηε ηνπ ζπζηήκαηνο φια ηα απαξαίηεηα εξγαιεία γηα ηελ απνζηνιή θαη ιήςε 

εξσηεκάησλ θαη ηελ αλάιπζε ρσξν-ρξνληθψλ δεδνκέλσλ. Με ηελ ελζσκάησζε ηεο ιεηηνπξγηθφηεηαο 

ηνπ HERMES-MDC ζηελ γιψζζα ρεηξηζκνχ δεδνκέλσλ (Data Manipulation Language – DML) ηεο 

Oracle, επηηπγράλεηαη ε παξνρή κηαο εθθξαζηηθήο (expressive) θαη εχθνιεο ζηελ ρξήζε γιψζζαο 

εξσηεκάησλ γηα θηλνχκελα αληηθείκελα. 

Γηα ηελ πινπνίεζε ελφο ηέηνηνπ πιαηζίνπ (framework) ππφ ηε κνξθή επέθηαζεο, ην ζχζηεκα δηαζέηεη 

εθηφο απφ έλα ζχλνιν βαζηθψλ ηχπσλ δεδνκέλσλ θαη ζηαηηθνχο ρσξηθνχο ηχπνπο δεδνκέλσλ πνπ 

απνηεινχλ κέξνο ηνπ Oracle Spatial. Δπηπξφζζεηα, δηαηίζεληαη θαη ρξνληθνί ηχπνη δεδνκέλσλ σο ηκήκα 

ηεο αληίζηνηρεο ρξνληθήο επέθηαζεο, πνπ νλνκάδεηαη TAU-TLL DC (TAU-Temporal Literal Library 

Data Cartridge) (Oracle Corp., 2003). Με βάζε απηνχο ηνπο ρσξηθνχο θαη ρξνληθνχο ηχπνπο δεδνκέλσλ 

ην HERMES-MDC νξίδεη έλα ζχλνιν ηχπσλ δεδνκέλσλ πνπ αλαπαξηζηνχλ θηλνχκελα αληηθείκελα. Η 

αξρηηεθηνληθή ηνπ ζπζηήκαηνο απνηππψλεηαη παξαθάησ (Δηθφλα 8): 
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Δικόνα 8: Η αρτιηεκηονική ηοσ ζσζηήμαηος HERMES (Pelekis, et al., 2006) 

Η eXtensible Markup Language (XML) 

Η eXtensible Markup Language (XML), απνηειεί έλα πιαίζην γηα ηνλ νξηζκφ γισζζψλ ζήκαλζεο 

(markup languages). Σε αληίζεζε κε ηελ HyperText Markup Language – HTML (Raggett, et al., 1999), 

δελ ππάξρεη κηα θαζνξηζκέλε ζπιινγή απφ εηηθέηεο ζήκαλζεο (markup tags) ζηελ XML. Αληίζεηα, ε 

XML καο επηηξέπεη λα νξίζνπκε ηηο δηθέο καο εηηθέηεο., ζρεδηαζκέλεο κε ηξφπν ηέηνην ψζηε λα 

θαιχπηνπλ ην είδνο ησλ πιεξνθνξηψλ ην νπνίν ζέινπκε λα αλαπαξαζηήζνπκε. Κάζε γιψζζα XML είλαη 

επηθεληξσκέλε ζε έλα ζπγθεθξηκέλν πεδίν εθαξκνγψλ, αιιά φιεο κνηξάδνληαη θνηλά ραξαθηεξηζηηθά· 
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έρνπλ φιεο ηελ ίδηα βαζηθή ζχληαμε θαη επσθεινχληαη ηελ χπαξμε ελφο θνηλνχ ζπλφινπ εξγαιείσλ γηα 

ηελ επεμεξγαζία αξρείσλ. 

Ο φξνο eXtensible Markup Language δελ απνδίδεη κε ζαθή ηξφπν ηε ζεκαζία ηνπ φξνπ. Η XML δελ 

είλαη κηα κνλαδηθή γιψζζα ζήκαλζεο, ε νπνία κπνξεί λα επεθηαζεί θαη γηα άιιεο ρξήζεηο, αιιά θπξίσο 

απνηειεί κηα θνηλή βάζε πάλσ ζηελ νπνία κπνξνχλ λα αλαπηπρζνχλ markup γιψζζεο. Η XML δελ 

απνηειεί επέθηαζε ηεο HTML, νχηε απνηειεί έλαλ αληηθαηαζηάηε απηήο θαη ε νπνία ζα έπξεπε λα 

απνηειεί έλα είδνο γιψζζαο XML. Λφγν φκσο νξηζκέλσλ ζπληαθηηθψλ δηαθνξψλ, ε HTML δελ αλήθεη 

ζην πιαίζην ηεο XML. 

Σηα αξρεία XML, ηα δεδνκέλα πεξηιακβάλνληαη σο ζεηξά θεηκέλνπ, ηα νπνία πεξηθιείνληαη απφ 

ζεκάλζεηο θεηκέλνπ (text markup), νη νπνίεο πεξηγξάθνπλ ηα δεδνκέλα απηά. Η βαζηθή κνλάδα 

δεδνκέλσλ ζηελ XML είλαη ην element. Οη πξνδηαγξαθέο ηεο XML θαζνξίδνπλ ηελ αθξηβή ζχληαμε 

ησλ ζεκάλζεσλ (markup)· πσο ηα elements δηαρσξίδνληαη απφ εηηθέηεο (tags), πσο είλαη κηα εηηθέηα 

(tag), πνηα είλαη ηα απνδεθηά νλφκαηα γηα ηα elements, πνπ ηνπνζεηνχληαη ηα γλσξίζκαηα 

(attributes) θ.α. (Joshi, 2007). 

Η XML είλαη κηα meta-markup γιψζζα. Απηφ ζεκαίλεη φηη δε δηαζέηεη έλα πξνθαζνξηζκέλν αξηζκφ 

εηηθεηψλ (tags) θαη αληηθεηκέλσλ (elements), ηα νπνία πξέπεη λα ιεηηνπξγνχλ γηα ηνλ θαζέλα ζε 

θάζε ηνκέα ελδηαθέξνληνο αλά πάζα ζηηγκή. Οπνηαδήπνηε πξνζπάζεηα δεκηνπξγίαο ελφο ηέηνηνπ 

πξνθαζνξηζκέλνπ ζπλφινπ εηηθεηψλ είλαη θαηαδηθαζκέλε ζε απνηπρία. Αληηζέησο, επηηξέπεη ηνλ 

θαζνξηζκφ απφ ηνπο πξνγξακκαηηζηέο απηψλ ησλ εηηθεηψλ νη νπνίεο ηνχο είλαη απαξαίηεηεο. Τν γξάκκα 

X ζην αθξσλχκην XML αληηζηνηρεί ζηε ιέμε eXtensible (επεθηάζηκε) πνπ δειψλεη φηη ε γιψζζα κπνξεί 

λα επεθηαζεί θαη λα πξνζαξκνζηεί έηζη ψζηε λα θαιχςεη δηαθνξεηηθέο αλάγθεο. 

Μνινλφηη ε XML είλαη αξθεηά επέιηθηε ζηα αληηθείκελα πνπ επηηξέπεη λα νξηζηνχλ, είλαη αξθεηά 

απζηεξή ζε πνιιά άιια ζέκαηα. Παξέρεη έλα ζπληαθηηθό ζηα XML αξρεία, ην νπνίν θαζνξίδεη πνχ 

κπνξνχλ λα ηνπνζεηεζνχλ νη εηηθέηεο (tags), πψο πξέπεη λα εκθαλίδνληαη, πνηα νλφκαηα αληηθεηκέλσλ 

επηηξέπνληαη, πψο ηα γλσξίζκαηα πξνζθνιιψληαη ζηηο εηηθέηεο θ.α. Απηφ ην ζπληαθηηθφ είλαη αξθεηά 

ζπγθεθξηκέλν ψζηε λα επηηξέπεη ηε δεκηνπξγία ινγηζκηθνχ αλάιπζεο XML (parsers), νη νπνίνη έρνπλ ηελ 

δπλαηφηεηα λα δηαβάδνπλ νπνηνδήπνηε XML αξρείν. Τα αξρεία, ηα νπνία ηθαλνπνηνχλ ην ζπληαθηηθφ 

απηφ νλνκάδνληαη ζωζηά κνξθνπνηεκέλα (well-formed). Αξρεία ηα νπνία δελ είλαη well-formed, δελ 

επηηξέπνληαη, φπσο έλα πξφγξακκα ζε γιψζζα Java πνπ πεξηέρεη θάπνην ζπληαθηηθφ ιάζνο. 

Σε έλα XML αξρείν ην markup πεξηγξάθεη ηε δνκή ηνπ. Παξέρεη ηε δπλαηφηεηα λα πξνζδηνξηζηεί 

πνηα elements ζρεηίδνληαη κεηαμχ ηνπο . Σε έλα θαιά ζρεδηαζκέλν XML αξρείν, πεξηγξάθεη επίζεο ηε 

ζεκαζηνινγία ηνπ. Γηα παξάδεηγκα, ην markup κπνξεί λα ππνδεηθλχεη φηη θάπνην element είλαη κηα 

εκεξνκελία ή έλα πξφζσπν θ.α. Απφ ηελ άιιε πιεπξά δελ παξνπζηάδεηαη θακία πιεξνθνξία γηα ην πσο 

εκθαλίδεηαη ζην αξρείν θαη απηφ γηαηί ε XML είλαη ελλνηνινγηθή γιψζζα πνπ παξνπζηάδεη ηε δνκή θαη 

φρη ηελ εκθάληζε ηνπ εγγξάθνπ. 

Τν markup πνπ επηηξέπεηαη λα έρεη κηα ζπγθεθξηκέλε XML εθαξκνγή κπνξεί λα ηεθκεξησζεί ζε έλα 

ζρήκα (schema). Γηάθνξα αξρεία κπνξνχλ λα ζπγθξηζνχλ κε ην schema θαη απφ απηά, φπνηα ηαηξηάδνπλ 

κε απηφ ζεσξνχληαη έγθπξα (valid), ελψ φζα δελ ηαηξηάδνπλ κε ην ζρήκα ζεσξνχληαη κε-έγθπξα (invalid). 

Η εγθπξφηεηα ελφο XML αξρείνπ εμαξηάηαη απφ ην schema, δει. ην εάλ έλα αξρείν είλαη έγθπξν ή φρη 

εμαξηάηαη απφ ην schema κε ην νπνίν ζπγθξίλεηαη. Γελ είλαη απαξαίηεην φια ηα αξρεία λα είλαη έγθπξα. 

Γηα πνιινχο ιφγνπο αξθεί λα είλαη ζσζηά κνξθνπνηεκέλν (well-formed). 

Υπάξρνπλ πνιιέο γιψζζεο πξνζδηνξηζκνχ ζρήκαηνο (schema languages), κε δηαθνξεηηθφ επίπεδν 

έθθξαζεο. Η πεξηζζφηεξν δηαδεδνκέλεο θαη κε κεγαιχηεξε ππνζηήξημε γιψζζεο, είλαη ε Document Type 

Definition (DTD) θαη ε XML Schema. Απηέο θαηαγξάθνπλ φια ηα έγθπξα markup θαη θαζνξίδνπλ ζε 

πνην ζεκείν θαη κε πνην ηξφπν κπνξνχλ λα πεξηιεθζνχλ ηα δηάθνξα elements ζε έλα έγγξαθν (Raggett, 

et al., 1999) θαη (Thompson, et al., 2004). 

XML δένδρα 

Έλα XML αξρείν είλαη κηα ηεξαξρηθή δνκή ε νπνία νλνκάδεηαη XML Tree, ην νπνίν απνηειείηαη απφ 

θφκβνπο δηαθφξσλ ηχπσλ, νη νπνίνη έρνπλ ηνπνζεηεζεί ζε κηα δελδξνεηδή κνξθή. Γελ ππάξρεη ζπλαίλεζε 

ζηελ νξνινγία πνπ ρξεζηκνπνηείηαη γηα ηελ πεξηγξαθή απηψλ ησλ δέλδξσλ θαη γηα ην ιφγν απηφ ζηε 

ζπλέρεηα ηεο πεξηγξαθήο ησλ δέλδξσλ ζα ρξεζηκνπνηεζεί ην XPath κνληέιν δεδνκέλσλ (Clark, et al., 

1999). 
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Η Δηθφλα 9 παξνπζηάδεη έλα παξάδεηγκα ελφο δέλδξνπ. Οη θφκβνη (nodes) έρνπλ ζρεδηαζηεί σο 

θχθινη. Ο θφκβνο ν νπνίνο βξίζθεηαη πην ςειά απφ φινπο νλνκάδεηαη ξίδα (root) ηνπ δέλδξνπ. Οη αθκέο 

δείρλνπλ ηελ ζρέζε γνλέα-παηδηνχ κεηαμχ ησλ θφκβσλ, γηα παξάδεηγκα ν θφκβνο B είλαη παηδί ηνπ 

θφκβνπ A θαη ν Α είλαη γνλέαο ηνπ θφκβνπ B. Τν πεξηερφκελν (content) θάζε θφκβνπ είλαη ε αθνινπζία 

ησλ θφκβσλ παηδηψλ ηνπ. Γηα ηνλ θφκβν Α, ην πεξηερφκελν ηνπ είλαη ε αθνινπζία θφκβσλ (B, C, D). Οη 

θφκβνη ζε έλα δέλδξν είλαη δπλαηφλ λα έρνπλ δηαθνξεηηθφ αξηζκφ παηδηψλ. Οη θφκβνη δίρσο παηδηά 

νλνκάδνληαη θχιια (leaves), ζην παξάδεηγκά καο νη θφκβνη E, F, C θαη D είλαη θφκβνη θχιια. 

A

B C D

E F

 
Δικόνα 9: XML δένδρο 

Έλα XML δέληξν είλαη δηαηεηαγκέλν (ordered), γεγνλφο πνπ ζεκαίλεη φηη ε δηάηαμε ησλ παηδηψλ ελφο 

θφκβνπ είλαη ζεκαληηθή. Οη αδειθνί θφκβνη (siblings) ελφο θφκβνπ είλαη ηα ππφινηπα παηδηά ηνπ θφκβνπ 

γνλέα. Οη πξφγνλνη (ancestors) ελφο θφκβνπ απνηεινχληαη απφ ηνλ γνλέα απηνχ, ηνλ γνλέα ηνπ γνλέα 

θνθ, πεξηιακβαλνκέλνπ ηεο ξίδαο. Γηα παξάδεηγκα νη πξφγνλνη ηνπ θφκβνπ F είλαη νη θφκβνη Β θαη Α. Οη 

επίγνλνη θφκβνη (decedents) ελφο θφκβνπ είλαη ην ζχλνιν πνπ απνηειείηαη απφ ηα παηδηά ηνπ, ηα παηδηά 

ησλ παηδηψλ ηνπ θνθ. Γηα παξάδεηγκα νη επίγνλνη ηνπ θφκβνπ ξίδα είλαη ην ζχλνιν φισλ ησλ θφκβσλ ηνπ 

δέληξν, εθηφο απφ ηνλ ίδην ηνλ θφκβν ξίδα. Οη παξαπάλσ έλλνηεο παξνπζηάδνληαη ζηελ Δηθφλα 10. 

Σε έλα XML Tree νη θφκβνη κπνξνχλ λα είλαη έλα απφ ηα παξαθάησ είδε (Evjenet, 2007): 

 Text nodes: Έλαο θφκβνο θεηκέλνπ (text node) αληηζηνηρεί ζε έλα ηκήκα ηεο ζπλνιηθήο 

πξαγκαηηθήο πιεξνθνξίαο, ε νπνία αλαπαξίζηαηαη απφ ην XML αξρείν. Κάζε text node πεξηέρεη 

κηα κε θελή ζηνηρεην-ζεηξά, ε νπνία πεξηέρεη ηελ πιεξνθνξία απηή. Οη text nodes δελ έρνπλ 

θφκβνπο παηδηά, γεγνλφο πνπ ζεκαίλεη φηη είλαη θχιια ζην XML δέληξν. Δπίζεο, δχν text nodes 

δελ κπνξνχλ λα είλαη αδειθνί θφκβνη, εθηφο εάλ θάπνηνο άιινο θφκβνο παξεκβάιιεηαη κεηαμχ 

ηνπο. 

 Element nodes: Έλαο θφκβνο αληηθεηκέλνπ (element node) νξίδεη κηα ινγηθή νκαδνπνίεζε ηεο 

πιεξνθνξίαο ε νπνία αλαπαξίζηαηαη απφ ηνπο απνγφλνπο. Κάζε element node έρεη έλα φλνκα 

(name), κηα ιέμε δειαδή ε νπνία πεξηγξάθεη ηελ νκαδνπνίεζε πνπ πξαγκαηνπνηείηαη. Σπλήζσο 

ρξεζηκνπνηείηαη ν φξνο element γηα ράξηλ ζπληφκεπζεο. Αληίζηνηρεο ζπληνκεχζεηο 

ρξεζηκνπνηνχληαη θαη γηα ηνπο άιινπο θφκβνπο. 

 Attribute nodes: Έλαο θφκβνο ηδηφηεηαο (attribute node) ζρεηίδεηαη κε έλαλ element node, δει. ν 

θφκβνο γνλέαο ηνπ είλαη πάληνηε έλα αληηθείκελν (element). Οη ηδηφηεηεο ηππηθά ελεξγνχλ σο 

επεμήγεζε ηνπ νλφκαηνο ηνπ αληηθεηκέλνπ, πεξηγξάθνληαο κε κεγαιχηεξε πιεξφηεηα, 

πεξηζζφηεξεο ηδηφηεηεο ηεο νκαδνπνίεζεο, ηελ νπνία θαζνξίδεη ν θφκβνο αληηθεηκέλνπ. Μία 

ηδηφηεηα (attribute) είλαη έλα δεχγνο ηηκψλ νλφκαηνο – ηηκήο, φπνπ ην φλνκα είλαη κηα ιέμε, ε 

νπνία πεξηγξάθεη ηελ ηδηφηεηα θαη ε ηηκή είλαη κηα ζηνηρεην-ζεηξά ε νπνία πεξηγξάθεη ηελ ηηκή 

ηεο ηδηφηεηαο. Κάζε αληηθείκελν κπνξεί λα έρεη ην πνιχ κηα ηδηφηεηα κε ζπγθεθξηκέλν φλνκα, 

αιιά ζπλνιηθά πνιιέο κε δηαθνξεηηθφ φλνκα. 

 Comment nodes: Έλαο θφκβνο ζρνιίνπ (comment node) είλαη έλαο εηδηθφο θφκβνο θχιιν (leaf 

node), ν νπνίνο έρεη σο εηηθέηα θάπνην θείκελν. Μπνξεί λα παξνκνηαζηεί σο ηα ζρφιηα ζηνλ 

θψδηθα, ν νπνίνο είλαη γξακκέλνο ζε κηα γιψζζα πξνγξακκαηηζκνχ. 

 Processing instruction nodes: Κάζε θφκβνο επεμήγεζεο εθηέιεζεο (processing instruction node) 

πεξηιακβάλεη έλα ζηφρν (target) θαη κηα ηηκή (value). Φξεζηκνπνηείηαη γηα ηελ κεηαβίβαζε 

πιεξνθνξίαο ζε δηάθνξα εξγαιεία επεμεξγαζίαο αξρείσλ XML. Ο ζηφρνο (target) είλαη κηα 

ιέμε, ε νπνία θαζνξίδεη ην εξγαιείν επεμεξγαζίαο ζην νπνίν απεπζχλεηαη ε επεμήγεζε 

εθηέιεζεο (processing instruction). Όια ηα άιια εξγαιεία πξέπεη λα ηελ αγλνήζνπλ. Η ηηκή 

(value) πεξηιακβάλεη ηελ ζρεηηθή πιεξνθνξία πνπ απεπζχλεηαη ζην εξγαιείν. 
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 Root nodes: Κάζε XML δέληξν μεθηλά απφ έλα θαη κνλαδηθφ θφκβν ξίδα (root node). Οη 

απφγνλνη (children) ηνπ root node απνηεινχληαη απφ νπνηνδήπνηε αξηζκφ comment θαη 

processing instruction nodes καδί κε έλα αθξηβψο element node, ν νπνίνο νλνκάδεηαη root 

element. Έλα ζπλεζηζκέλν ιάζνο πνπ γίλεηαη είλαη ε ζχγρπζε κεηαμχ ηνπ root node θαη ηνπ root 

element. 

A

B C D

E F

A

B C D

E F

A

B C D

E F

A

B C D

E F

A

B C D

E F

A

B C D

E F

Root

Siblings of C

Children of A
Descendents of A

Leaves

Ancestors of F

 
Δικόνα 10: Ορολογία ηφν XML δένδρφν 

Η αποτύπωση των αρχείων XML 

Έλα αξρείν XML γξάθεηαη σο αξρείν Unicode κε εηηθέηεο markup θαη κε άιιεο πιεξνθνξίεο, νη νπνίεο 

αλαπαξηζηνχλ ηα αληηθείκελα, ηηο ηδηφηεηεο θαη ηνπο άιινπο θφκβνπο. Οη θφκβνη θεηκέλνπ (text nodes) 

γξάθνληαη ζχκθσλα κε ην θείκελν πνπ αλαπαξηζηνχλ. Απηφ ην θείκελν νλνκάδεηαη character data. Οη 

θφκβνη αληηθεηκέλνπ (element nodes) δειψλνληαη απφ εηηθέηεο markup. Γηα παξάδεηγκα: 

<related ref="42">...</related> 

Η εηηθέηα <related ref=”42”> είλαη κηα εηηθέηα αξρήο ζε έλα θφκβν αληηθεηκέλνπ, ελψ ε 

εηηθέηα </related> είλαη ε αληίζηνηρε εηηθέηα ηέινπο. Τν θείκελν ζην ελδηάκεζν ησλ εηηθεηψλ 

απνηειεί ην πεξηερφκελν ηνπ αληηθεηκέλνπ. Οη ηδηφηεηεο (attributes) γξάθνληαη κέζα ζηελ εηηθέηα αξρήο 

ηνπ αληηθεηκέλνπ. Σηελ πεξίπησζε ηνπ παξαδείγκαηνο ε κνλαδηθή ηδηφηεηα νλνκάδεηαη ref κε ηηκή 42. 

Μέζα ζηελ εηηθέηα αξρήο, ε δηάηαμε ησλ ηδηνηήησλ δελ έρεη ρξεζηηθή ζεκαζία. Οη ηηκέο ησλ ηδηνηήησλ 

πεξηθιείνληαη απφ „ ή “. Αληηθείκελα ρσξίο πεξηερφκελα νλνκάδνληαη θελά (empty) θαη απηά κπνξνχλ 

λα αλαπαξαζηαζνχλ κε ζχληνκν ηξφπν σο <......./>. 

Έλα XML αξρείν θαηά ηνλ ηξφπν αλαπαξάζηαζεο ηνπ πξέπεη λα είλαη θαη ζσζηά κνξθνπνηεκέλν 

(well-formed). Απηφ νπζηαζηηθά ζεκαίλεη φηη πξέπεη λα νξίδεη κηα δελδξηθή δνκή, ε νπνία λα είλαη 

αληίζηνηρε κε ην ελλνηνινγηθφ κνληέιν. Γηα λα είλαη έλα XML αξρείν ζσζηά κνξθνπνηεκέλν νη εηηθέηεο 

αξρήο θαη ηέινπο πξέπεη λα ηαηξηάδνπλ θαη λα ππάξρεη ζσζηή ελζσκάησζε ησλ δηαθφξσλ αληηθεηκέλσλ. 

Γηα παξάδεηγκα ηα παξαθάησ δχν ηκήκαηα θψδηθα XML δελ είλαη ζσζηά κνξθνπνηεκέλα: 
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<something>...</somethingelse> (1) 

<something>...<somethingelse>...</something>...</somethingelse> (2) 

Σην πξψην ηκήκα (1), νη εηηθέηεο αξρήο θαη ηέινπο δελ ηαηξηάδνπλ, ελψ ζηo δεχηεξν (2) νη εηηθέηεο δελ 

ελζσκαηψλνληαη ζσζηά. 

Η XML θάλεη δηάθξηζε κεηαμχ πεδψλ θαη θεθαιαίσλ ραξαθηήξσλ (case sensitive). Γηα παξάδεηγκα ην 

ηκήκα θψδηθα: 

<related ref="42">...</RelATED> 

δελ είλαη ζσζηά κνξθνπνηεκέλν απφ ηε ζηηγκή πνπ νη εηηθέηεο αξρήο θαη ηέινπο έρνπλ δηαθνξεηηθφ είδνο 

ραξαθηήξσλ. Κάζε ζσζηά κνξθνπνηεκέλν αξρείν XML πξέπεη λα έρεη κφλν έλα θφκβν ξίδα. 

Έλα αξρείν XML ζπλήζσο μεθηλά κε κηα XML δήισζε (XML declaration): 

<?xml version="1.0" encoding="UTF-8"?> 

ε νπνία αθνινπζείηαη απφ ηνλ θφκβν ξίδα θαη ηνπο ππφινηπνπο θφκβνπο ηνπ αξρείνπ. Τν ηκήκα 

version δειψλεη ηελ έθδνζε ηεο XML πνπ ρξεζηκνπνηείηαη θαη ζηελ πξνθεηκέλε πεξίπησζε είλαη 

1.0. Τν ηκήκα encoding δειψλεη κε πνηα θσδηθνπνίεζε έρεη γξαθεί ην αξρείν. 

Τα ζρφιηα γξάθνληαη κε ηελ κνξθή: 

<!-- ... --> 

Οη επεμεγήζεηο εθηέιεζεο (processing instructions) γξάθνληαη φπσο ζην παξάδεηγκα : 

<?xml-stylesheet type="text/xsl" href="mystyle.xsl"?> 

φπνπ ην xml-stylesheet είλαη ν ζηφρνο θαη ην ηκήκα type=”text/xsl” href=”mystyle. 

xsl” απνηειεί ηελ ηηκή. 

Απφ ηε ζηηγκή πνπ έλα αξρείν XML είλαη απιά έλα αξρείν θεηκέλνπ, νπνηνζδήπνηε θεηκελνγξάθνο 

κπνξεί λα ρξεζηκνπνηεζεί γηα ηελ ζπγγξαθή ηνπ, ζε αληίζεζε κε αξρεία άιισλ ηχπσλ, ηα νπνία απαηηνχλ 

ζπγθεθξηκέλνπο θεηκελνγξάθνπο γηα ηελ επεμεξγαζία ηνπο. 

Έλαο XML parser είλαη έλα εξγαιείν, ην νπνίν έρεη ηε δπλαηφηεηα ηεο δελδξηθήο αλαπαξάζηαζεο 

ελφο αξρείνπ XML, απφ ηελ ιεθηηθή απεηθφληζή ηνπ. 

Η ρξήζε ηεο XML δηεπθνιχλεη ηελ αλάπηπμε ινγηζκηθνχ αιιά ηελ επέθηαζε ηεο δηα-

ιεηηνπξγηθφηεηαο. Κάζε έγθπξν XML έγγξαθν πξέπεη λα ζπκβαδίδεη κε ην DTD ή ην Schema πνπ 

πεξηγξάθεη ηε δνκή ηνπ. Η XML δηαρσξίδεη ηα δεδνκέλα απφ ηνλ ηξφπν παξνπζίαζεο. Απηή ηελ ζηηγκή 

ππάξρεη έλαο κεγάινο αξηζκφο markup γισζζψλ πνπ έρνπλ αλαπηπρζεί γηα ζπγθεθξηκέλνπο ζθνπνχο θαη 

παξάιιεια βαζίδνληαη ζην XML πιαίζην. 

Η Geography Markup Language (GML) 

Η Geography Markup Language – GML (OGC, 2004) απνηειεί κηα XML κνξθνπνίεζε γηα ηελ 

αλαπαξάζηαζε νληνηήησλ ηνπ πξαγκαηηθνχ θφζκνπ, φπσο δέληξα, θηήξηα, δξφκνπο θ.ά. Οη νληφηεηεο 

αλαπαξίζηαληαη σο γλωξίζκαηα (features) θαη κπνξνχλ λα πεξηγξάςνπλ ηφζν γεσκεηξηθέο φζν θαη κε 

γεσκεηξηθέο ηδηφηεηεο. Γηα παξάδεηγκα, έλα θηήξην κπνξεί λα θέξεη γλσξίζκαηα, ηα νπνία αλαπαξηζηνχλ 

ηε γεσγξαθηθή ηνπνζεζία (γεσκεηξηθή ηδηφηεηα) αιιά θαη ηνλ ηχπν ηνπ θηεξίνπ απηνχ (κε γεσκεηξηθή 

ηδηφηεηα). Η GML έρεη ζρεδηαζηεί έηζη ψζηε λα είλαη δπλαηή ε ππνζηήξημε ηεο θσδηθνπνίεζεο θαη ησλ 

δχν ηχπσλ ηδηνηήησλ, φπνπ νη κε γεσκεηξηθέο εμ απηψλ, κπνξνχλ λα ζπζρεηηζηνχλ κέζα απφ ηελ 

ελνπνίεζε (integration) κε άιια XML ζρήκαηα (schemas). Παξαθάησ, παξνπζηάδεηαη ε GML 

αλαπαξάζηαζε ελφο θηεξίνπ. Η γεσγξαθηθή ηνπνζεζία αλαπαξηζηάηαη σο κηα γεσκεηξηθή ηδηφηεηα κε 

φλνκα point, ελψ ν ηχπνο, ε θαηάζηαζε, θαζψο επίζεο θαη άιιεο ηδηφηεηεο, αλαπαξίζηαληαη σο κε 

γεσκεηξηθέο. 

<gml:featureMember> 

    <topol:build fid="road.2545"> 

        <topol:geom> 

            <gml:Point 

                srsName=http://www.opengis.net/gml/srs/epsg.xml#32633 

            > 

                <gml:coordinates  

                    xmlns:gml="http://www.opengis.net/gml"  

                    decimal="."  

                    cs=","  

                    ts=" " 

http://www.opengis.net/gml/srs/epsg.xml#32633
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                > 

                    357080,7766653 

                </gml:coordinates> 

            </gml:Point> 

        </topol:geom> 

        <topol:type>Outhouse</topol:type> 

        <topol:status>2</topol:status> 

        <topol:started>10101</topol:started> 

        <topol:updated>19940210</topol:updated> 

    </topol:build> 

</gml:featureMember> 

Δομή 

Η δνκή ελφο GML εγγξάθνπ είλαη ηδηαηηέξσο επέιηθηε. Γεληθά, απνηειεί απφ κηα ζεηξά απφ Ιδηόηεηεο 

Features πνπ αλαπαξηζηνχλ νληφηεηεο ηνπ πξαγκαηηθνχ θφζκνπ. Οη ηδηφηεηεο απηέο απνηεινχλ 

απνγφλνπο ελφο FeatureCollection, ην νπνίν ιεηηνπξγεί σο νκαδνπνίεζε (container) ησλ παξαπάλσ. Μηα 

απφ ηηο αηηίεο πνπ παξέρνπλ ζηε GML κνξθνπνίεζε απηή ηελ επειημία απνηειεί ην γεγνλφο φηη θάζε 

Feature είλαη κε ηε ζεηξά ηνπ FeatureCollection. Με ηνλ ηξφπν απηφ, κηα νληφηεηα κπνξεί λα 

αλαπαξαζηαζεί απφ ζπλαζξνίζεηο άιισλ ηδηνηήησλ. Γηα παξάδεηγκα, έλα πάξθν κε δέληξα, πξάζηλεο 

πεξηνρέο, λεξφ θαη δξφκνπο. Δλψ θαζεκηά απφ απηέο ηηο νληφηεηεο κπνξεί λα αλαπαξαζηαζεί αλεμάξηεηα 

απφ κηα ηδηφηεηα, ην πάξθν δχλαηαη λα νξηζηεί σο κηα Feature ή FeatureCollection πνπ απνηειείηαη απφ 

φια ηα παξαπάλσ (ηα δέληξα, ηνπο δξφκνπο θνθ). Δπηπιένλ, ε GML ππνζηεξίδεη ηνλ νξηζκφ άιισλ 

ζπζρεηίζεσλ κεηαμχ δηαθνξεηηθψλ ηδηνηήησλ κε ηελ ρξήζε ηεο XLink (DeRose, et al., 2001). 

Υποστηριζόμενες γεωμετρικές ιδιότητες 

Τν GML πξφηππν παξέρεη έλα κεραληζκφ γηα ηελ θσδηθνπνίεζε ησλ απνθαινχκελσλ απφ ην Open 

Geospatial Consortium – OGC (OGC, 2008), απιψλ ηδηνηήησλ (simple features). Με ηνλ φξν απιή, ην 

OGC αλαθέξεηαη ζε «… ηδηφηεηεο, ησλ νπνίσλ ηα γεσκεηξηθά ραξαθηεξηζηηθά πεξηνξίδνληαη ζε απιέο 

γεσκεηξίεο, γηα ηηο νπνίεο νξίδνληαη ζπληεηαγκέλεο ζε δχν ή/θαη ηξεηο δηαζηάζεηο θαη ε απεηθφληζε κηαο 

θακπχιεο απνηειεί ζέκα γξακκηθήο παξεκβνιήο» (Lake, 2001). Με άιια ιφγηα, απηφ ζεκαίλεη φηη ην 

GML πξφηππν ζηνρεχεη θπξίσο ζηελ αλαπαξάζηαζε γεσκεηξηθψλ ηδηνηήησλ ζε δχν ή ηξεηο δηαζηάζεηο. 

Αθνινπζεί κηα ιίζηα κε ηηο απιέο γεσκεηξηθέο θιάζεηο, φπσο απηέο νξίδνληαη απφ ην OGC: 

 Point 

 LineString 

 LinearRing 

 Polygon 

 MultiPoint 

 MultiLineString 

 MultiPolygon 

 MultiGeometry 

Παξαθάησ, παξνπζηάδνληαη θάπνηα παξαδείγκαηα, επεμεγψληαο ηηο ηέζζεξηο πξψηεο ηδηφηεηεο. Οη 

ηδηφηεηεο πνπ θέξνπλ ην πξφζεκα Multi, απνηεινχλ απιψο ζπιινγέο ηδηνηήησλ, νη νπνίεο απαξηίδνληαη 

απφ κηα ή/θαη πεξηζζφηεξεο βαζηθέο γεσκεηξηθέο ηδηφηεηεο. 

<gml:Point  

    srsName="http://www.opengis.net/gml/srs/epsg.xml#32633"> 

    <gml:coordinates  

        xmlns:gml="http://www.opengis.net/gml"  

        decimal="."  

        cs=","  

        ts=" "> 

            357080,7766653 

    </gml:coordinates> 

</gml:Point> 
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<gml:LineString> 

    <gml:coordinates  

        xmlns:gml="http://www.opengis.net/gml"  

        decimal="."  

        cs=","  

        ts=" "> 

            357015,7766698 357127,7766654  

            357389,7766583 357406,7766595 

    </gml:coordinates> 

</gml:LineString> 

 

<gml:Polygon> 

    <gml:outerBoundaryIs> 

        <gml:LinearRing> 

            <gml:coordinates decimal="." cs="," ts=" "> 

                80,340 160,340 160,280 80,280 80,340 

            </gml:coordinates> 

        </gml:LinearRing> 

    </gml:outerBoundaryIs> 

    <gml:innerBoundaryIs> 

        <gml:LinearRing> 

            <gml:coordinates decimal="." cs="," ts=" "> 

                100,330 130,330 130,290 100,330  

                90,290 130,290 130,290 100,330 

            </gml:coordinates> 

        </gml:LinearRing> 

        <gml:LinearRing> 

            <gml:coordinates decimal="." cs="," ts=" "> 

                150,335 150,320 140,335 150,335 

            </gml:coordinates> 

        </gml:LinearRing> 

    </gml:innerBoundaryIs> 

</gml:Polygon> 

GML 3.0 

Με βάζε ηελ ηξίηε έθδνζε ηνπ GML πξνηχπνπ (Cox, et al., 2004), ππάξρεη πιήξεο ζπκβαηφηεηα κε ηελ 

παιαηφηεξε έθδνζή ηνπ, ηε 2.1.2. Η θχξηα δηαθνξά κεηαμχ ησλ δχν απηψλ εθδφζεσλ, έγθεηηαη ζην 

γεγνλφο ηεο επέθηαζεο ηνπ ζπλφινπ ησλ παξερφκελσλ ηδηνηήησλ κε ηελ ππνζηήξημε πεξηζζφηεξσλ 

γεσκεηξηψλ, δπλακηθψλ ηδηνηήησλ, ηξηζδηάζηαησλ αληηθεηκέλσλ, εμ‟ νξηζκνχ κνξθνπνίεζε (default 

styling) θ.ά. Η παξνχζα εξγαζία θάλεη ρξήζε ηνπ πξφζθαηνπ GML 3.1.1 πξνηχπνπ, ιφγσ ηεο 

ππνζηήξημεο ηδηνηήησλ πνπ αθνξνχλ ζε θηλνχκελα αληηθείκελα, ηδηφηεηεο δει., νη νπνίεο κεηαβάιινπλ ηε 

γεσγξαθηθή ηνπο ζέζε κέζα ζην πεδίν ηνπ ρξφλνπ. Κξίζεθε ινηπφλ αλαγθαία ε ρξήζε ραξαθηεξηζηηθψλ 

(πρ ρξφλνο), ηα νπνία έρνπλ εηζαρζεί ζηελ ηξίηε έθδνζε ηνπ πξνηχπνπ. 

<gml:featureCollection xmlns:gml="http://www.opengis.net/gml"> 

    <gml:featureMember> 

        <gml:TimePeriod> 

            <gml:begin>2001/02/09T16:32.53</gml:begin> 

            <gml:end>2001/02/09T16:33.23</gml:end> 

        </gml:TimePeriod> 

        <gml:LineString> 

            <gml:posList> 

                37.9923843504678 23.7769293591931  

                37.9934031121064 23.7766176385097 

            </gml:posList> 

        </gml:LineString> 

    </gml:featureMember> 

</gml:featureCollection> 
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Η Keyhole Markup Language (KML) 

Η Keyhole Markup Language – KML (Google Inc., 2008) απνηειεί έλα πξφηππν αλαπαξάζηαζεο 

γεσγξαθηθψλ δεδνκέλσλ, ην νπνίν βαζίδεηαη ζηελ XML (Bray, et al., 2006) γηα γξαθηθά δχν ή/θαη ηξηψλ 

δηαζηάζεσλ. 

Τα γεσγξαθηθά δεδνκέλα παξέρνπλ πιεξνθνξίεο γηα δηάθνξεο νληφηεηεο πνπ ππάξρνπλ ζηελ 

επηθάλεηα ηεο γεο θαη είλαη απνηέιεζκα είηε ηνπ αλζξψπηλνπ είηε θπζηθνχ παξάγνληα, φπσο νδηθά 

δίθηπα, θηήξηα, ζχλνξα, αιιά θαη πνηακνί, ιίκλεο θ.ιπ. Σηε δηαδηθαζία ηεο νπηηθνπνίεζεο νη 

πξναλαθεξζείζεο νληφηεηεο κπνξνχλ λα αλαπαξαζηαζνχλ γεσγξαθηθά. Γηα ηε δεκηνπξγία νπηηθψλ 

αλαπαξαζηάζεσλ, αλεμάξηεηα απφ ην κέζν παξνπζίαζεο, κπνξνχλ λα ρξεζηκνπνηεζνχλ βαζηθά γξαθηθά 

ζηνηρεία φπσο ζεκεία (points), γξακκέο (linestrings)  θαη πνιχγσλα (polygons). Τν ζηνηρεία ζεκείνπ 

θέξνπλ ηελ έλλνηα ηεο ηνπνζεζίαο θαη απνηεινχλ ηα πιένλ βαζηθά απφ ηηο ηξεηο αλσηέξσ θαηεγνξίεο. Τα 

ζηνηρεία γξακκήο απνηεινχληαη απφ πιεηάδεο ζηνηρείσλ ζεκείνπ θαη παξνπζηάδνπλ ηφζν έλλνηεο 

θαηεχζπλζεο φζν θαη ηνπνζεζίαο. Τέινο, ηα ζηνηρεία πνιπγψλνπ αλαπαξηζηνχλ έλλνηεο πνπ ζρεηίδνληαη 

κε έθηαζε, θαηεχζπλζε θαη ηνπνζεζία, απνηεινχκελα απφ δπζδηάζηαηνπο πίλαθεο ζηνηρείσλ ζεκείνπ. 

Με απψηεξν ζηφρν ηελ αχμεζε ηεο ρξεζηηθφηεηαο ελφο νπηηθνπνηεκέλνπ απνηειέζκαηνο, ε 

αλαγλψξηζε θαη αλάιπζε ησλ πξνο παξνπζίαζε δεδνκέλσλ, θξίλεηαη απαξαίηεηε. Η επηπιένλ 

πιεξνθνξία πνπ παξάγεηαη θαη ζπλνδεχεη ην απνηέιεζκα απηφ, αλαπαξηζηάηαη ππφ ηε κνξθή θεηκέλνπ. 

Δομή 

Τα εξγαιεία Google Maps (Google Maps, 2008) θαη Google Earth (Google Earth, 2008), ρξεζηκνπνηνχλ 

ην KML σο εμσηεξηθφ πξφηππν ρσξν-ρξνληθψλ δεδνκέλσλ. Με ηελ ρξήζε ηνπ KML, ν ρξήζηεο κπνξεί 

λα εηζάγεη γεσγξαθηθά δεδνκέλα ζε θάπνην απφ ηα παξαπάλσ εξγαιεία θαη λα θάλεη ππέξζεζε ησλ 

δεδνκέλσλ απηψλ επάλσ ζηα δεδνκέλα πνπ παξέρνληαη απφ ηελ Google. 

Πέξαλ ηεο δπλαηφηεηαο εηζαγσγήο απιψλ ζεκείσλ ζε έλα ράξηε ηεο Google, ην KML, δηαζέηεη 

δπλαηφηεηεο ρεηξηζκνχ ησλ εμήο δπζδηάζηαησλ γεσκεηξηθψλ ζρεκάησλ: 

 Σεκεία – Points: κπνξνχλ λα αλαπαξαζηαζνχλ νπηηθά ζηελ επηθάλεηα ηεο γεο είηε σο εηθνλίδηα 

(icons) είηε σο εηηθέηεο (labels) ή θαη ηα δχν θαη λα ηνπνζεηεζνχλ ζε δηαθνξεηηθά πςφκεηξα. 

 Γξακκέο (Lines): κπνξνχλ λα ηνπνζεηεζνχλ ζε δηάθνξα πςφκεηξα φπσο θαη ηα ζεκεία. 

Υπνζηεξίδνληαη επίζεο νη πνιύ-γξακκέο, ζχλζεηα δει. ζηνηρεία πνπ απνηεινχληαη απφ έλα 

ζχλνιν ζηνηρείσλ γξακκήο. 

 Πνιχγσλα (Polygons): κπνξνχλ λα δεκηνπξγεζνχλ ζε δχν ή/θαη ηξεηο δηαζηάζεηο έρνληαο 

ζηαζεξή κνξθή ή θέξνληαο εζσηεξηθά φξηα (inner boundaries). Ωο εθ ηνχηνπ, κπνξνχλ λα 

δεκηνπξγεζνχλ ζχλζεηα ηξηζδηάζηαηα αληηθείκελα ζε δηάθνξα πςφκεηξα. 

Ο ρεηξηζκφο ηεο εκθάληζεο απηψλ ησλ γεσκεηξηθψλ ζρεκάησλ, κπνξεί λα πξαγκαηνπνηεζεί κε ηεο 

εμήο ηερληθέο: νξίδνληαο ζπληεηαγκέλεο, δεκηνπξγψληαο πξνεμνρέο (extruding) γηα ηξηζδηάζηαηα 

ζρήκαηα θαη νκαδνπνηψληαο ζπιινγέο ζηνηρείσλ. Ο νξηζκφο ζπληεηαγκέλσλ επηηπγράλεηαη κε ηε 

δήισζε ησλ αληίζηνηρσλ ζπληεηαγκέλσλ θαη ην χςνο (elevation) απφ ηελ επηθάλεηα ηεο ζάιαζζαο. Οη 

δεκηνπξγία πξνεμνρψλ ζρεηίδεηαη κε ηελ ηνπνζέηεζε ελφο ζηνηρείνπ ζε κηα ζπγθεθξηκέλε ζέζε θαη 

ρξεζηκνπνηψληαο ηελ εηηθέηα <extrude>. Η νκαδνπνίεζε νινθιεξψλεηαη κε ηελ ρξήζε ηεο 

<MultiGeometry> εηηθέηαο θαη ρξεζηκνπνηείηαη γηα νξγαλσηηθνχο ζθνπνχο. 

Αλαθνξηθά κε ηελ έλλνηα ηνπ ρξφλνπ, απηή αλαπαξηζηάηαη ζην KML πξφηππν κε ηελ ρξήζε ηεο 

<TimeSpan> εηηθέηαο, ε νπνία απνηειεί έλα ζχλζεην ηχπν δεδνκέλσλ, ζε φξνπο XML. Ο ελ ιφγσ 

ηχπνο, απνηειείηαη απφ δχν απινχο ηχπνπο δεδνκέλσλ <begin> θαη <end>, νη νπνίνη αλαπαξηζηνχλ 

ηελ έλαξμε θαη ηε ιήμε ηεο θίλεζεο ελφο αληηθεηκέλνπ ππφ ηε κνξθή ρξνλφζεκσλ (timestamps). 

Έλα πιήξεο KML αξρείν, ην νπνίν αλαπαξηζηά ηα ζηνηρεία πνπ πξναλαθέξζεθαλ, παξνπζηάδεηαη 

παξαθάησ. Πην ζπγθεθξηκέλα, παξαθάησ αλαπαξηζηάηαη ε θίλεζε ελφο αληηθεηκέλνπ κέζα ζε κηα 

ρξνληθή πεξίνδν. 

<?xml version="1.0" encoding="utf-8"?> 

<kml xmlns="http://earth.google.com/kml/2.2"> 

    <Document> 

        <Folder> 

            <name>VisualHermes</name> 

            <Style id="blueLine"> 
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                <LineStyle> 

                    <color>ffff0000</color> 

                    <width>3</width> 

                </LineStyle> 

            </Style> 

            <Placemark> 

                <name>Trajectory ID: 6 - Object ID: 0420</name> 

                <description>Trajectory Segment: 1</description> 

                <TimeSpan> 

                    <begin>2001-02-12T17:45:36Z</begin> 

                    <end>2001-02-12T17:45:51Z</end> 

                </TimeSpan> 

                <styleUrl>#blueLine</styleUrl> 

                <LineString> 

                    <altitudeMode>relative</altitudeMode> 

                    <coordinates> 

                        23.76964,37.94409,0  

                        23.76831,37.94306,0 

                    </coordinates> 

                </LineString> 

            </Placemark> 

        </Folder> 

    </Document> 

</kml> 

Σην ελ ιφγσ αξρείν, αθνχ νξηζηνχλ ηα αξρηθά ζηνηρεία ψζηε απηφ λα ζπκκνξθψλεηαη κε ην KML 

πξφηππν δεδνκέλσλ, δεκηνπξγείηαη έλα ζηνηρείν παξνπζίαζεο κε ηελ ρξήζε ηεο <Placemark> 

εηηθέηαο. Τν ζηνηρείν απηφ πεξηιακβάλεη έλα φλνκα (εηηθέηα <name>), κηα πεξηγξαθή (εηηθέηα 

<description>), θαζψο επίζεο θαη έλα ζχλνιν απφ εηηθέηεο πνπ θαζνξίδνπλ ηα ρσξν-ρξνληθά 

ραξαθηεξηζηηθά ηνπ. Οη εηηθέηεο απηέο είλαη νη: 

 <TimeSpan>: Οξίδεη, κέζσ ησλ <begin> θαη <end> εηηθεηψλ ηα ρξνλφζεκα γηα ηελ έλαξμε 

θαη ηε ιήμε ηεο θίλεζεο. 

 <LineString>: Οξίδεη κέζσ ηεο <coordinates> εηηθέηαο ηεο ζπληεηαγκέλεο γηα ηελ 

αξρή θαη ην ηέινο ηεο θίλεζεο. 

 <styleURL>: Απνηειεί ηελ ηαπηφηεηα γηα ηα ραξαθηεξηζηηθά ηεο παξνπζίαζεο ηνπ ελ ιφγσ 

ζηνηρείνπ απφ ην εξγαιείν νπηηθνπνίεζεο. Τα ραξαθηεξηζηηθά απηά έρνπλ ήδε νξηζηεί, ζηελ 

αξρή ηνπ αξρείνπ (εηηθέηα <Style>) θαη αθνξνχλ ηνλ ρξσκαηηζκφ (εηηθέηα <color>) θαη ην 

πάρνο ηεο γξακκήο (εηηθέηα <width>). 

Εργαλεία παρουσίασης 

Γηα ηελ νπηηθνπνίεζε ελφο KML αξρείνπ απαηηείηαη θάπνηνπ είδνπο εθαξκνγή. Η Google, σο ν θχξηνο 

πάξνρνο ηνπ KML, πξνζθέξεη δχν δηαθνξεηηθνχο ηχπνπο εθαξκνγψλ, ηηο νπνίεο έλαο ρξήζηεο κπνξεί λα 

ρξεζηκνπνηήζεη γηα ηελ νπηηθνπνίεζε ησλ δεδνκέλσλ πνπ δηαζέηεη. Τν Google Earth απνηειεί κηα 

επηηξαπέδηα εθαξκνγή (desktop application) κε πιεζψξα ιεηηνπξγηψλ. Τν Google Maps απνηειεί κηα 

ππεξεζία Ιζηνχ (Web service), κε ηελ νπνία ν ρξήζηεο ιακβάλεη ηελ νπηηθνπνίεζε ησλ δεδνκέλσλ ηνπ 

κέζσ κηαο εθαξκνγήο πινήγεζεο ζην Γηαδίθηπν (Web browser). Ωο δηα-δηθηπαθή εθαξκνγή, ην Google 

Maps, θέξεη ιηγφηεξεο δπλαηφηεηεο απφ ην αληίζηνηρν Google Earth. 

Η eXtensible Stylesheet Language Transformation (XSLT) 

Η XSLT (Clark, 1999) είλαη κηα ζπλαξηεζηαθή (functional) γιψζζα πξνγξακκαηηζκνχ, κε ηελ ρξήζε ηεο 

νπνίαο θαζνξίδεηαη ν ηξφπνο πνπ έλα XML έγγξαθν κεηαηξέπεηαη ζε κηα δηαθνξεηηθή κνξθή. Αλ θαη 

απνηειεί ζχλεζεο θαηλφκελν, ην παξαγφκελν αξρείν δελ απαηηείηαη λα είλαη επίζεο έλα XML έγγξαθν. 
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Βασική ροή 

Οη θαλφλεο κεηαηξνπήο πνπ θαζνξίδνπλ ηνλ ηξφπν κνξθνπνίεζεο ελφο εγγξάθνπ δειψλνληαη εληφο ησλ 

θαλφλσλ πξνηχπνπ (template rules) θαη απνζεθεχνληαη ζε έλα stylesheet. Κάζε πξφηππν (template) θέξεη 

κηα ηδηφηεηα αληηζηνηρίαο (match attribute). Η ηδηφηεηα απηή πεξηιακβάλεη έλα πξφηππν (pattern), ην 

νπνίν αληηζηνηρεί ζηνλ θφκβν πεγή (source node) ή ζηνπο θφκβνπο φπνπ πξφθεηηαη λα εθαξκνζηεί ν 

θαλφλαο κνξθνπνίεζεο. Τν πξφηππν αλαγλσξίδεηαη απφ κηα γιψζζα πνπ νλνκάδεηαη XPath (Clark, et al., 

1999). Γηα ηελ εθηέιεζε ηεο πξαγκαηηθήο κεηαηξνπήο, εθηφο απφ κηα νκάδα θαλφλσλ πνπ είλαη 

απνζεθεπκέλε ζε έλα stylesheet θαη έλα XML έγγξαθν πεγή, ζην νπνίν ζα εθαξκνζηνχλ νη θαλφλεο 

απηνί, απαηηείηαη ε χπαξμε ελφο XSLT επεμεξγαζηή (XSLT processor). Πξφθεηηαη, θαη‟ νπζία, γηα 

ζπγθεθξηκέλν ινγηζκηθφ, ην νπνίν αλαιχεη ηφζν ην έγγξαθν πεγή, φζν θαη ην έγγξαθν ησλ θαλφλσλ, 

δεκηνπξγψληαο δχν δηαθνξεηηθέο δελδξηθέο δνκέο. Σην δέλδξν πεγή ελ ζπλερεία, εθηειείηαη κηα 

αλαδήηεζε θφκβσλ, νη νπνίνη πιεξνχλ ηηο πξνυπνζέζεηο θάπνηνπ/-σλ απφ ηνπο θαλφλεο κνξθνπνίεζεο. 

Τειηθά, εθαξκφδνληαη (εθηεινχληαη) ηα πξφηππα πνπ βξίζθνπλ αληηζηνηρία. Παξαθάησ, παξνπζηάδεηαη 

έλα παξάδεηγκα ελφο ηδηαίηεξα απιντθνχ XSLT stylesheet, ην νπνίν ρξεζηκνπνηείηαη γηα ηελ επεμεξγαζία 

ηνπ GML εγγξάθνπ πνπ έπεηαη. Τν απνηέιεζκα ηεο κεηαηξνπήο παξνπζηάδεηαη ζην ηέινο. 

<?xml version="1.0" encoding="utf-8"?> 

 

<!-- Καζνξίδεη ηε έθδνζε ηεο γιώζζαο, ηα namespaces θ.ιπ. --> 

<xsl:stylesheet 

 version="1.0" 

 xmlns:xsl="http://www.w3.org/1999/XSL/Transform" 

 xmlns:gml="http://www.opengis.net/gml" 

 xmlns:msxsl="urn:schemas-microsoft-com:xslt" 

 xmlns:ext="http://goutsidis.gr/extension" 

 exclude-result-prefixes="gml msxsl ext" 

> 

 

<!-- Καζνξίδεη ηνλ ηύπν θαη ηελ θωδηθνπνίεζε  ηνπ παξαγόκελνπ 

     εγγξάθνπ--> 

<xsl:output 

 method="xml" 

 version="1.0" 

 encoding="utf-8" 

 indent="yes" 

 media-type="application/vnd.google-earth.kml+xml" 

/> 

 

 <!-- Καλόλαο πξνηύπνπ κε κηα ηδηόηεηα αληηζηνηρίαο --> 

 <xsl:template match="gml:Point"> 

  <xsl:element name="Point"> <!-- Τν element πνπ δεκηνπξγείηαη --

> 

   <xsl:element name="coordinates"> <!-- Νέν element απόγνλνο --> 

   <!-- Οξίδεη ζηνλ επεμεξγαζηή λα εμάγεη ηελ ζηνηρεην-ζεηξά ηνπ 

         ηξέρνληνο θόκβνπ. Καζώο ν ελ ιόγω θαλόλαο αληηζηνηρεί 

ζην 

         "gml:Point" element, ε ηηκή απηή ζα είλαη ε ζηνρεην-

ζεηξά 

         ηνπ "gml:Point" θόκβνπ. --> 

    <xsl:value-of select="." /> 

   </xsl:element> 

  </xsl:element> 

 </xsl:template> 

</xsl:stylesheet> 

Τν βαζηθφ stylesheet νξίδεη έλαλ θαλφλα πξνηχπνπ (template rule), ν νπνίνο αληηζηνηρεί ζηνλ 

gml:Point θφκβν. 

<?xml version="1.0" encoding="utf-8"?> 
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<gml:Point> 

    23.86301,37.99958 

</gml:Point> 

 

<?xml version="1.0" encoding="utf-8"?> 

 

<Point> 

    <coordinates> 

        23.86301,37.99958 

    </coordinates> 

</Point> 

XSLT στοιχεία 

Η XSLT νξίδεη 37 ζηνηρεία (elements), ηα νπνία κπνξνχλ λα θαηεγνξηνπνηεζνχλ ζε ηξεηο 

επηθαιππηφκελεο θαηεγνξίεο· ξίδα (root), επίπεδν θνξπθήο (top level) θαη ζηνηρεία νδεγηψλ (instruction 

elements). Σε απηή ηελ ελφηεηα παξνπζηάζηεθε κφλν ην xsl:element. Η XSLT ρξεζηκνπνηείηαη 

θπξίσο γηα ηε δεκηνπξγία λέσλ XML εγγξάθσλ πνπ βαζίδνληαη ζηε ζπγρψλεπζε θαη ηε κνξθνπνίεζε 

ελφο ζπλδπαζκνχ άιισλ πεγψλ. Καηά ηελ παξαγσγή λέσλ εγγξάθσλ, ζπρλά παξνπζηάδεηαη ε αλάγθε 

δεκηνπξγίαο λέσλ XML elements. Παξά ην γεγνλφο φηη ε XSLT ππνζηεξίδεη ηε ρξήζε θπξηνιεθηηθψλ 

ζηνηρείσλ απνηειέζκαηνο (literal result elements), ε ρξήζε ηνπ xsl:element καο επηηξέπεη ηνλ 

θαζνξηζκφ ηνπ νλφκαηνο ηνπ element θαηά ηελ εθηέιεζε (runtime). 

XSLT συναρτήσεις 

Δλψ νη ιεηηνπξγίεο ηεο XPath επηθεληξψλνληαη ζε θφκβνπο, θαζψο επίζεο θαη ζηηο ηηκέο απηψλ, ε XSLT 

παξέρεη επηπξφζζεηεο ζπλαξηήζεηο γηα πην γεληθεπκέλνπο ζθνπνχο. Παξαδείγκαηα ηέηνησλ, θνηλά 

ρξεζηκνπνηνχκελσλ, ζπλαξηήζεσλ είλαη νη document() θαη current() ζπλαξηήζεηο. Η document() 

ζπλάξηεζε επηηξέπεη ηε θφξησζε εμσηεξηθψλ XML εγγξάθσλ θαηά ηε δηάξθεηα ηεο επεμεξγαζίαο. Η 

current() ζπλάξηεζε ρξεζηκνπνηείηαη θπξίσο ζε επαλαιεπηηθέο δηαδηθαζίεο (loops), φπνπ αλαπαξηζηά 

ηνλ ηξέρνληα επεμεξγαδφκελν θφκβν. 

Δπηπιένλ, είλαη δπλαηή θαη ε ρξήζε ηξίηωλ ζπλαξηήζεσλ, νη νπνίεο δχλαληαη λα έρνπλ αλαπηπρζεί ζε 

άιιε γιψζζα πξνγξακκαηηζκνχ (πρ C#) θαη βξίζθνληαη ζην ίδην ή ζε εμσηεξηθφ XSLT έγγξαθν. Η 

ρξήζε ηέηνησλ ζπλαξηήζεσλ βέβαηα, πξνυπνζέηεη ηελ χπαξμε θαηάιιεινπ XSLT επεμεξγαζηή, ν νπνίνο 

ζα είλαη ζε ζέζε λα ηηο εθηειέζεη. Σηελ παξνχζα εξγαζία, γίλεηαη ρξήζε ηξίησλ ζπλαξηήζεσλ γηα ηε 

κνξθνπνίεζε ζπγθεθξηκέλσλ ηηκψλ εληφο ησλ παξαγφκελσλ αξρείσλ. 

Ο VisualHERMES wrapper 

Ανάλυση απαιτήσεων 

Η ηππνπνίεζε ησλ δεδνκέλσλ πνπ αληαιιάζζνληαη κεηαμχ ησλ δηάθνξσλ κεξψλ ηνπ ζπζηήκαηνο, 

πξαγκαηνπνηείηαη κε ηελ ρξήζε ηνπ GML πξνηχπνπ, κε δεδνκέλν ην γεγνλφο φηη πξφθεηηαη γηα δηαθίλεζε 

γεσγξαθηθψλ πιεξνθνξηψλ. Τν GML, απνηειεί έλα XML πξφηππν κνξθνπνίεζεο δεδνκέλσλ, ην νπνίν 

επηηξέπεη ηε κεηαθνξά θαη απνζήθεπζε γεσγξαθηθψλ πιεξνθνξηψλ, πεξηιακβάλνληαο ηφζν ρσξηθά φζν 

θαη ρξνληθά ζηνηρεία ησλ γεσγξαθηθψλ νληνηήησλ, θαζψο επίζεο θαη ρεηξηζκφ ηδηνηήησλ γηα θηλνχκελα 

αληηθείκελα. Τν GML πξφηππν έρεη ζρεδηαζηεί έηζη ψζηε λα ππνζηεξίδεη ηε κέγηζηε δπλαηή δηα-

ιεηηνπξγηθφηεηα θαη απηφ επηηπγράλεηαη κέζσ ηεο παξνρήο βαζηθψλ γεσκεηξηθψλ εηηθεηψλ (φια ηα 

ζπζηήκαηα πνπ ππνζηεξίδνπλ ην GML πξφηππν, θάλνπλ ρξήζε ησλ ίδησλ γεσκεηξηθψλ εηηθεηψλ), ελφο 

θνηλνχ κνληέινπ δεδνκέλσλ (νληφηεηεο θαη ηδηφηεηεο) θαη ελφο κεραληζκνχ γηα ηε δεκηνπξγία θαη ην 

δηακνηξαζκφ ζρεκάησλ εθαξκνγψλ (application schemas), επηηξέπνληαο κε ηνλ ηξφπν απηφ ηε 

κνληεινπνίεζε ηεο ζεκαζηνινγίαο ησλ ρσξν-ρξνληθψλ πιεξνθνξηψλ. 

Η ππνζηεξηδφκελε δηα-ιεηηνπξγηθφηεηα απφ ην ελδηάκεζν επίπεδν ρεηξηζκνχ ησλ δεδνκέλσλ απφ θαη 

πξνο ην ζχζηεκα δηαρείξηζεο ηεο βάζεο δεδνκέλσλ ηξνρηψλ, νινθιεξψλεηαη γχξσ απφ ηελ παξνρή ελφο 

ζρήκαηνο (schema), κε ην νπνίν θαινχληαη λα ζπκκνξθψλνληαη ηφζν ηα εηζεξρφκελα, φζν θαη ηα 
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εμεξρφκελα δεδνκέλα. Σε επίπεδν αλάπηπμεο, απηφ κεηαθξάδεηαη ζην δηαρσξηζκφ ηεο ιεηηνπξγίαο ηνπ 

ελδηάκεζνπ επηπέδνπ ζε δχν κέξε: 

1. Τα δεδνκέλα πνπ απαξηίδνπλ ηα εξσηήκαηα (queries) πνπ πξφθεηηαη λα εθηειεζηνχλ ζην 

ζχζηεκα δηαρείξηζεο πξέπεη λα: 

 Σπκκνξθψλνληαη κε ην παξερφκελν πξφηππν (GML Schema), 

 Δπηθπξψλνληαη ζε επίπεδν ζεκαζηνινγίαο θαη 

 Μεηαηξέπνληαη ζε SQL φξνπο 

έηζη ψζηε λα εθηειεζηνχλ επηηπρψο (Δηθφλα 11) θαη 

2. Τα δεδνκέλα, ηα νπνία απαξηίδνπλ ηα απνηειέζκαηα πνπ πξνθχπηνπλ απφ ηελ εθηέιεζε ησλ 

εξσηεκάησλ, πξέπεη λα: 

 Μνξθνπνηνχληαη βάζεη ηνπ παξερφκελνπ, απφ ην ελδηάκεζν επίπεδν, ζρήκα 

έηζη ψζηε ν απνδέθηεο ηνπο λα είλαη ζε ζέζε λα εθηειέζεη ηηο φπνηεο επηπιένλ δηαδηθαζίεο αλάιπζεο 

ζε έλα ζχλνιν δεδνκέλσλ, ην νπνίν ππφθεηηαη ζε κηα γλσζηή θαη θνηλά απνδεθηή κνξθνπνίεζε (Δηθφλα 

12). 

Validation

Parsing

SQL Builder

HERMES

GML Data

GML 

Schema

 
Δικόνα 11: Αποζηολή ερφηήμαηος 

GML Transformation

HERMES

SQL Data

 
Δικόνα 12: Λήυη αποηελέζμαηος 

Τέινο, γηα ηελ πινπνίεζε ηεο δηαδηθαζίαο νπηηθνπνίεζεο ησλ απνηειεζκάησλ θαη ηελ παξνπζίαζε 

απηψλ κε ηε βνήζεηα κεραλψλ ηξίησλ θαηαζθεπαζηψλ, φπσο Google Maps/Earth, απαηηείηαη ε εθαξκνγή 

κεηαζρεκαηηζκψλ ησλ GML δεδνκέλσλ ζε κία κνξθή, ε νπνία θξίλεηαη απνδεθηή απφ ηηο 

πξναλαθεξζείζεο κεραλέο. Σηελ παξνχζα πινπνίεζε, ηα απνηειέζκαηα ζα πξέπεη λα κεηαηξαπνχλ κε 

βάζε ην KML πξφηππν. Δπεηδή, ηφζν ην GML, φζν θαη ην KML, βαζίδνληαη ζην γεληθφηεξν πξφηππν 

κνξθνπνίεζεο δεδνκέλσλ XML, ε απαηηνχκελε κεηαηξνπή κπνξεί λα πξαγκαηνπνηεζεί κε ηελ ρξήζε 

XSLT θαλφλσλ κνξθνπνίεζεο (Δηθφλα 13). 

Φπζηθά, φιεο νη παξαπάλσ ιεηηνπξγίεο, απφ πιεπξάο πινπνίεζεο, ελνπνηνχληαη θαη νινθιεξψλνληαη 

θάησ απφ ηελ νκπξέια κηαο δηα-δηθηπαθήο εθαξκνγήο, ε νπνία παξέρεη ζηνλ ρξήζηε έλα ιηηφ θαη 

θαηαλνεηφ πεξηβάιινλ εξγαζίαο, εληφο ηνπ νπνίνπ κπνξεί λα πξαγκαηνπνηεζεί ε ζχληαμε θαη απνζηνιή 

εξσηεκάησλ, ε ιήςε GML απνηειεζκάησλ θαη ε νπηηθνπνίεζε KML δεδνκέλσλ, κέζα απφ κία 

εθαξκνγή πεξηεγεηή δηαδηθηχνπ, απνθξχπηνληαο ηαπηφρξνλα φιεο ηηο εζσηεξηθέο δηαδηθαζίεο ηνπ φινπο 

ζπζηήκαηνο. 

Αλαθνξηθά κε ηε ζχληαμε θαη ηελ απνζηνιή ησλ επηζπκεηψλ εξσηεκάησλ ηνπ ρξήζηε πξνο ην 

ζχζηεκα, δίλνληαη ηξεηο (3) δπλαηφηεηεο: 

1. Η ζχληαμε ελφο SQL εξσηήκαηνο ρεηξνθίλεηα, 

2. Η δεκηνπξγία ελφο SQL εξσηήκαηνο, βάζεη επηινγψλ πνπ παξέρνληαη ζηνλ ρξήζηε, κέζσ 

θαηάιιεισλ πεδίσλ επηινγήο θαη 

3. Η κεηαθφξησζε (upload) ελφο XML αξρείνπ, ην νπνίν ππφθεηηαη ζε έλα πξνθαζνξηζκέλν ζρήκα 

θαη ην νπνίν πεξηιακβάλεη ηα δεδνκέλα γηα ηε ζπλαξκνιφγεζε ηνπ θαηάιιεινπ SQL 

εξσηήκαηνο απφ ην ζχζηεκα. 
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GML Transformation

HERMES

SQL Data

KML Transformation

XSLT 

Rules

 
Δικόνα 13: Γημιοσργία KML αποηελέζμαηος 

Τα απνηειέζκαηα πνπ κπνξεί λα ιάβεη έλαο ρξήζηεο κεηά ηελ επηηπρή εθηέιεζε ελφο εξσηήκαηνο, κε 

νηαδήπνηε απφ ηηο πξναλαθεξζείζεο κεζφδνπο, είλαη δχν εηδψλ: 

1. GML αξρείν απνηειεζκάησλ: Ο ρξήζηεο ιακβάλεη κηα ππεξζχλδεζε (hyperlink), κέζσ ηεο 

νπνίαο έρεη ηε δπλαηφηεηα κεηαθφξησζεο (download) ηνπ ηειηθνχ απνηειέζκαηνο, ζηνλ ηνπηθφ 

ηνπ ππνινγηζηή θαη 

2. KML αξρείν απνηειεζκάησλ: Ο ρξήζηεο ιακβάλεη κηα ππεξζχλδεζε (hyperlink), κέζσ ηεο 

νπνίαο αλαθαηεπζχλεηαη ζε κηα δεχηεξε ζειίδα ηεο εθαξκνγήο, απφ φπνπ, ζε ζπλδπαζκφ κε ηελ 

ππεξεζία Maps ηεο Google, είλαη ζε ζέζε λα ιάβεη ην ηειηθφ απνηέιεζκα ηνπ εξσηήκαηφο ηνπ, 

παξνπζηαδφκελν ζην ράξηε. 

Σχεδιασμός 

Η πξνζπάζεηα επέθηαζεο ηεο δηα-ιεηηνπξγηθφηεηαο ηνπ ζπζηήκαηνο HERMES, νδήγεζε ζηελ αλάπηπμε 

ελφο λένπ εξγαιείνπ-εθαξκνγήο κε ην φλνκα VisualHERMES. Τν ελ ιφγσ εξγαιείν, κπνξεί λα 

εγθαηαζηαζεί θαη λα ιεηηνπξγήζεη, ρσξίο λα απαηηείηαη θάπνηα αιιαγή ζην ππάξρνλ ζχζηεκα (Δηθφλα 

14). Με άιια ιφγηα, ην VisualHERMES, απνηειεί κηα ελαιιαθηηθή δηεπαθή ηνπ ρξήζηε κε ην ππάξρνλ 

ζχζηεκα, πξνζθέξνληαο βέβαηα δπλαηφηεηεο φπσο ιήςε απνηειεζκάησλ κνξθνπνηεκέλσλ βάζεη ηνπ 

GML πξνηχπνπ, θαζψο επίζεο θαη νπηηθνπνίεζεο ησλ απνηειεζκάησλ απηψλ κε ηελ ρξήζε ησλ κεραλψλ 

Maps θαη Earth ηεο Google. 

Τν ζχζηεκα VisualHERMES, βαζίδεηαη ζηελ αξρηηεθηνληθή ηξηψλ επηπέδσλ αλάπηπμεο εθαξκνγψλ 

(3-tier architecture). Η επηινγή έγηλε θπξίσο κε γλψκνλα ηηο δπλαηφηεηεο επέθηαζεο πνπ ζα κπνξεί λα 

έρεη κειινληηθά ην ζχζηεκα θαη ηαπηφρξνλα, νη φπνηεο αιιαγέο πξέπεη λα πξαγκαηνπνηεζνχλ, λα είλαη 

πιήξσο ζηνρεπφκελεο ζε έλα ή πεξηζζφηεξα επίπεδα. Δπηπιένλ, έλα αληαγσληζηηθφ πιενλέθηεκα πνπ 

θέξεη ε ζπγθεθξηκέλε αξρηηεθηνληθή είλαη απηφ ηεο απνκφλσζεο ηνπ εθάζηνηε επηπέδνπ, κε ηξφπν 

ηέηνην, ψζηε λα είλαη δπλαηή ε ζπλέρηζε ηεο ιεηηνπξγίαο ηεο φιεο εθαξκνγήο αθφκε θαη αλ 

αληηθαηαζηαζεί πιήξσο θάπνην ή θάπνηα απφ ηα επίπεδά ηεο (Δηθφλα 15). 

Η αλάπηπμε ηνπ εθάζηνηε επηπέδνπ, κε εμαίξεζε απηνχ ηεο παξνπζίαζεο, αθνινπζεί ηε ινγηθή ηεο 

δεκηνπξγίαο δπλακηθψλ βηβιηνζεθψλ (DLL) ησλ Windows. Η ζπγθεθξηκέλε πξνζέγγηζε πξνζθέξεη έλα 

αθφκε πιενλέθηεκα ζην φιν ζχζηεκα, θαζψο κε ηνλ ηξφπν απηφ επηηπγράλεηαη ε απνζχλδεζε ηνπ 

επηπέδνπ παξνπζίαζεο, δει. ηεο εθαξκνγήο, κε ηελ νπνία έξρεηαη ζε επαθή ν ηειηθφο ρξήζηεο. Έηζη 

ινηπφλ, θαζίζηαηαη δπλαηή ε αλάπηπμε άιισλ ηχπσλ εθαξκνγψλ, φπσο εθαξκνγέο γηα Windows, 

εθαξκνγέο γηα Web, εθαξκνγέο γηα PDAs, ππεξεζίεο Ιζηνχ (Web Services) θ.ιπ., νη νπνίεο ζα παξέρνπλ 

φιε ηε δηα-ιεηηνπξγηθφηεηα πνπ πξνζθέξεηαη κέζσ ηνπ ελ ιφγσ wrapper θαη ηαπηφρξνλα ζα κπνξνχλ λα 

ζηνρεχνπλ ζε δηαθνξεηηθέο ζπζθεπέο θαη πιαηθφξκεο. 

Σην επίπεδν πξφζβαζεο δεδνκέλσλ (Data Access Layer – DAL), πξαγκαηνπνηνχληαη φιεο νη 

απαηηνχκελεο δηαδηθαζίεο, γηα λα επηηεπρζεί, ηφζν ε ζχλδεζε κε ηε βάζε δεδνκέλσλ, φζν θαη ν ρεηξηζκφο 



Ioannis S. Gkoutsidis MSc Thesis 

Trajectory Data Visualization: The VisualHERMES Tool 126 

ησλ εξσηήζεσλ θαη απνθξίζεσλ ζε φξνπο SQL. Τν ζπγθεθξηκέλν επίπεδν ηεο εθαξκνγήο, είλαη 

επηθνξηηζκέλν κε δχν ζεκαληηθέο εξγαζίεο, νη νπνίεο είλαη νη εμήο: 

1. Απνζηνιή ησλ SQL εξσηεκάησλ ηνπ ρξήζηε πξνο ην ζχζηεκα HERMES θαη 

2. Λήςε ησλ πξσηνγελψλ δεδνκέλσλ απφ ηηο απνθξίζεηο ηνπ ζπζηήκαηνο HERMES 

Trajectory warehouse

trajectory 
data cube

HERMES
Moving
Object

Database

VisualHERMES
Other software for 

accessing geographic data

User 1 User 2 User 3

 
Δικόνα 14: Το VisualHERMES φς εναλλακηική διεπαθή 

Όπσο γίλεηαη θαηαλνεηφ, γηα λα είλαη ζε ζέζε ην ελ ιφγσ επίπεδν λα επηθνηλσλήζεη κε ην ζχζηεκα 

HERMES, ζα πξέπεη πξψηα λα έρεη εγθαηαζηαζεί ε αλάινγε ζχλδεζε, ιεηηνπξγία ηελ νπνία επίζεο 

επσκίδεηαη, θάλνληαο ρξήζε ηνπ εθάζηνηε παξφρνπ δεδνκέλσλ, κέζσ ηνπ νπνίνπ επηηπγράλεηαη θαη ε 

επηζπκεηή ζχλδεζε. 

Αλαθνξηθά κε ηε ιήςε ησλ πξσηνγελψλ δεδνκέλσλ, ζα πξέπεη λα ζεκεησζεί, φηη ζεκαζηνινγηθά ηα 

απνηειέζκαηα πνπ αλακέλεη ν wrapper, έρνπλ λα θάλνπλ κε ηξνρηέο θηλνχκελσλ αληηθεηκέλσλ. Οη 

ηξνρηέο απηέο, απνηεινχληαη απφ δχν δνκηθά ζπζηαηηθά, ηα νπνία έρνπλ λα θάλνπλ κε ηηο γεσγξαθηθέο 

ζπληεηαγκέλεο πνπ θέξεη ην πξνο παξαηήξεζε αληηθείκελν, θαζψο επίζεο θαη ηνλ ρξφλν (Timestamp), 

θαηά ηνλ νπνίν έρεη πξαγκαηνπνηεζεί ε ιήςε ησλ εθάζηνηε ζπληεηαγκέλσλ. Δπηπιένλ, επεηδή πξφθεηηαη 

γηα αλαπαξάζηαζε ηξνρηψλ θηλνχκελσλ αληηθεηκέλσλ, γίλεηαη αληηιεπηφ φηη απαηηείηαη ε χπαξμε ελφο 

δεχγνπο δχν ζεκείσλ γηα θάζε παξαηήξεζε, έλα γηα ην ζεκείν θαη ηνλ ρξφλν εθθίλεζεο θαη έλα γηα ην 

αληίζηνηρν ζεκείν θαη ρξφλν παχζεο ηεο θίλεζεο ηνπ θηλνχκελνπ αληηθεηκέλνπ. Με βάζε ηα παξαπάλσ, 

ν wrapper, θαηαιήγεη λα έρεη ζηε δηάζεζή ηνπ, κηα απφθξηζε, ηελ νπνίαο ηα απνηειέζκαηα ππφθεηληαη 

ζηελ θάησζη κνξθνπνίεζε: 

(X1, Y1) – (X2, Y2) # TimeStamp1 – TimeStamp2 

Φπζηθά, ην απνηέιεζκα ηεο εθάζηνηε απφθξηζεο δχλαηαη λα πεξηέρεη πνιιαπιέο ηέηνηεο 

παξαηεξήζεηο γηα θάζε θηλνχκελν αληηθείκελν, δεκηνπξγψληαο κε ηνλ ηξφπν απηφ έλαλ νξκαζφ απφ 

δηαδνρηθά ζεκεία θαη ρξφλνπο. 

Όζνλ αθνξά ηα SQL εξσηήκαηα πνπ κπνξεί λα απνζηαινχλ απφ ηνλ wrapper θαη δε ην επίπεδν 

ρεηξηζκνχ δεδνκέλσλ, πξνο ην ζχζηεκα HERMES, πξφθεηηαη γηα ηππηθά εξσηήκαηα πνπ βαζίδνληαη ζην 

SQL πξφηππν ζχληαμεο εξσηεκάησλ θαη δχλαληαη λα θάλνπλ ρξήζε ηφζν ρσξηθψλ φζν θαη ρξνληθψλ 

ηειεζηψλ γηα ηελ αλαπαξάζηαζε ηνπ επηζπκεηνχ εξσηήκαηνο. Μέξνο ησλ ηειεζηψλ απηψλ παξέρεηαη 

απφ ην ηκήκα ρσξηθήο ππνζηήξημεο ηεο Oracle (Spatial Oracle) θαη έλα άιιν κέξνο απφ ην ζχζηεκα 

HERMES. Ο wrapper βέβαηα, θάλεη απιά ρξήζε ησλ ηειεζηψλ απηψλ, ρσξίο θάπνηα επηπιένλ 

δηαδηθαζία. 

Δπηπξφζζεηα, ζην επίπεδν ρεηξηζκνχ δεδνκέλσλ, έρεη αλαηεζεί ε κεηαηξνπή ησλ πξσηνγελψλ 

δεδνκέλσλ ζε δνκέο θαηάιιειεο γηα ηελ επεμεξγαζία ηνπο απφ ην ακέζσο επφκελν επίπεδν. Με ηνλ 

ηξφπν απηφ επηηπγράλεηαη ε απνζχλδεζε ηνπ ζπγθεθξηκέλνπ επηπέδνπ απφ ην επφκελφ ηνπ. Με άιια 

ιφγηα, ην επίπεδν απηφ κπνξεί λα παξάγεη ην επηζπκεηφ απνηέιεζκα κε νηνλδήπνηε ηξφπν ηνπ αλαηεζεί, 

αξθεί λα θαηαιήγεη πάληνηε ζηηο ίδηεο δνκέο δεδνκέλσλ. 

Γηα ηε κέγηζηε επειημία ηνπ wrapper, ην επίπεδν ρεηξηζκνχ δεδνκέλσλ, δελ θάλεη ρξήζε (εληφο ηνπ 

θψδηθα) θάπνηνπ ζπγθεθξηκέλνπ παξφρνπ δεδνκέλσλ. Δληνχηνηο, έρεη γίλεη ρξήζε γεληθεπκέλνπ θψδηθα, 

ν νπνίνο έρεη ηελ ηθαλφηεηα λα πξνζαξκφδεηαη ζηνλ εθάζηνηε πάξνρν πνπ ζα ηνπ αλαηεζεί, γηα ηελ 
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νινθιήξσζε ηεο φπνηαο εξγαζίαο, επηηπγράλνληαο έηζη βέιηηζηε πξνζαξκνζηηθφηεηα θαη δηαθάλεηα. Η 

δήισζε ηνπ επηζπκεηνχ παξφρνπ δεδνκέλσλ, πξαγκαηνπνηείηαη απφ έλα εμσηεξηθφ αξρείν ξπζκίζεσλ. 

Data Access Layer

SQL

GML

Data 

Table

GML/

KML

Presentation Layer

(Web Application)

User

Data Provider

HERMES

XSD XSLT

VisualHERMES

Business Logic Layer

Parser Wrapper

(Web browser)

 
Δικόνα 15: Η αρτιηεκηονική ηοσ VisualHERMES 

Τν επίπεδν επηρεηξεζηαθήο ινγηθήο (Business Logic Layer – BLL), είλαη ππεχζπλν γηα ηε 

κνληεινπνίεζε ησλ πξσηνγελψλ δεδνκέλσλ, πνπ ιακβάλεη απφ ην επίπεδν ρεηξηζκνχ δεδνκέλσλ, ζε 

επηρεηξεζηαθά αληηθείκελα, ηα νπνία είλαη ζε ζέζε λα πεξάζνπλ απφ ηηο απαξαίηεηεο κεηαηξνπέο, ψζηε 

λα θαηαζηνχλ θαηάιιεια γηα ηε δεκηνπξγία ηνπ επηζπκεηνχ απνηειέζκαηνο. Παξάιιεια, ην 

ζπγθεθξηκέλν επίπεδν ηνπ wrapper, είλαη επηθνξηηζκέλν θαη κε ηε δηαδηθαζία ηεο επεμεξγαζίαο θαη 

κεηαηξνπήο ησλ GML εξσηεκάησλ ζε SQL φξνπο θαη ηελ απνζηνιή απηνχ, ζην επίπεδν ρεηξηζκνχ 

δεδνκέλσλ θαη ηελ ηειηθή εθηέιεζε ηνπ εξσηήκαηνο (Δηθφλα 16). 

Business Logic Layer

Presentation Layer

Data Access Layer

SQL

GML

SQL

GML/

KML

 
Δικόνα 16: Ο διηηός ρόλος ηοσ επιπέδοσ επιτειρηζιακής λογικής 

Μέζσ ινηπφλ ησλ θαηάιιεισλ ζπλαξηήζεσλ πνπ έρνπλ αλαπηπρζεί εληφο ηνπ επηπέδνπ 

επηρεηξεζηαθήο ινγηθήο, θαζίζηαηαη εθηθηή ε κεηαηξνπή ησλ επηκέξνπο επηρεηξεζηαθψλ αληηθεηκέλσλ ζε 

αξρεία, ηα πεξηερφκελα ησλ νπνίσλ ζπκκνξθψλνληαη κε ηα GML θαη KML πξφηππα. 

Όπσο πξναλαθέξζεθε, ν ξφινο ηνπ ζπγθεθξηκέλνπ επηπέδνπ ηνπ wrapper, είλαη δηηηφο θαη αθνξά 

ηφζν ζηε κνξθνπνίεζε ησλ απνηειεζκάησλ, φζν θαη ζηε κεηαηξνπή ησλ GML εξσηεκάησλ ζε SQL 

φξνπο. Γηα ηηο αλάγθεο ηεο SQL κεηαηξνπήο απφ GML, εληφο ηνπ ζπζηήκαηνο έρεη πινπνηεζεί κηα ζεηξά 

απφ επηκέξνπο επηρεηξεζηαθά αληηθείκελα, επίζεο ππφ ηε κνξθή θιάζεσλ θαη ηα νπνία είλαη ζε ζέζε λα 

αλαπαξαζηήζνπλ ηνπο φξνπο ελφο SQL εξσηήκαηνο, θαζψο επίζεο θαη έλα δηαηζζεηηθφ ηχπν ηνπ 

εξσηήκαηνο απηνχ. Οη θιάζεηο πνπ έρνπλ πινπνηεζεί, κπνξνχλ λα ζπλνςηζζνχλ ζηηο εμήο: 
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 QueryType: Λεθηηθφ ηνπ ηχπνπ ηνπ εξσηήκαηνο (Trajectory, Spatial, Temporal θ.ιπ.), 

 TimePoint: Αλαπαξάζηαζε κηαο ρξνλν-ζθξαγίδαο (TimeStamp), 

 TemporalWindow: Αλαπαξάζηαζε ελφο ρξνληθνχ παξαζχξνπ πνπ απαξηίδεηαη απφ δχν 

TimePoints, 

 SpatialWindow: Αλαπαξάζηαζε ελφο γεσγξαθηθνχ παξαιιειφγξακκνπ, ην νπνίν 

απαξηίδεηαη απφ δχν Points πνπ αλαπαξηζηνχλ ηηο επάλσ-δεμηά θαη θάησ-αξηζηεξά γσλίεο 

ηνπ θαη 

 Query: Αλαπαξάζηαζε ησλ φξσλ πνπ δχλαληαη λα εκθαλίδνληαη ζε έλα εξψηεκα φπσο 

ηχπνο εξσηήκαηνο, θσδηθφο αληηθεηκέλνπ, θσδηθφο ηξνρηάο, ρξνληθφ παξάζπξν θνθ. 

Ο ζπλδπαζκφο ινηπφλ ηνπ ηχπνπ ηνπ εξσηήκαηνο, κε ηνπο επηκέξνπο φξνπο απηνχ, ζέηνπλ ηελ 

εθαξκνγή, κέζσ ησλ αληίζηνηρσλ ζπλαξηήζεσλ πνπ έρνπλ πινπνηεζεί, ζε ζέζε λα ζπλαξκνινγήζεη ην 

θαηάιιειν SQL εξψηεκα θαη κέζσ ηνπ επηπέδνπ ρεηξηζκνχ δεδνκέλσλ, λα απνζηαιεί πξνο ην ζχζηεκα 

HERMES γηα εθηέιεζε. 

Σε πξνεγνχκελε αλαθνξά, έγηλε ιφγνο γηα ηνπο δηάθνξνπο ηχπνπο εθαξκνγψλ, νη νπνίεο κπνξνχλ λα 

θάλνπλ ρξήζε ηνπ VisualHERMES wrapper, έηζη ψζηε λα παξέρεηαη ζηνλ ηειηθφ ρξήζηε έλα 

νξγαλσκέλν πεξηβάιινλ εξγαζίαο, κέζα απφ ην νπνίν ζα κπνξεί λα εθηειέζεη ηα επηζπκεηά εξσηήκαηα, 

θαζψο επίζεο θαη λα ιάβεη ηα αληίζηνηρα απνηειέζκαηα. Γηα ηνλ ζθνπφ απηφ, δεκηνπξγήζεθε κηα 

δηαδηθηπαθή εθαξκνγή, βαζηζκέλε ζηελ ηερλνινγία ASP.NET ηεο Microsoft (Microsoft ASP.NET, 

2008) θαη ε νπνία δίλεη ζηνλ ρξήζηε ηε δπλαηφηεηα κέζα απφ κηα εθαξκνγή πεξηήγεζεο (Internet 

Explorer, Mozilla Firefox θ.ά.), λα ζπλδεζεί κε ηελ ππεξεζία θαη λα δηεθπεξαηψζεη ηελ επηζπκεηή 

εξγαζία. 

Υλοποίηση 

Γηα ηελ φζν ην δπλαηφ επθνιφηεξε θαη πην άκεζε επαθή ησλ ρξεζηψλ κε ην ζχζηεκα VisualHERMES, 

έρεη πινπνηεζεί κηα δηα-δηθηπαθή εθαξκνγή, κέζσ ηεο νπνίαο ν ρξήζηεο κπνξεί λα απνζηείιεη ηα 

επηζπκεηά εξσηήκαηα πξνο ην ζχζηεκα HERMES θαη λα ιάβεη ηα αληίζηνηρα απνηειέζκαηα αθελφο κελ 

κνξθνπνηεκέλα βάζεη ηνπ GML πξνηχπνπ ζε έλα αξρείν, αθεηέξνπ δε νπηηθνπνηεκέλα κε ρξήζε ηεο 

ππεξεζίαο Maps ηεο Google. Όια ηα παξαπάλσ βέβαηα, νινθιεξψλνληαη κε ηελ ρξήζε κηαο εθαξκνγήο 

πεξηήγεζεο, φπσο ν Internet Explorer, ν Mozilla Firefox θ.ά. (Δηθφλα 17). 

 
Δικόνα 17: VisualHERMES - Οθόνη δημιοσργίας ερφηημάηφν 

Δημιουργία ερωτημάτων 

Απφ ηελ αξρηθή νζφλε ηεο εθαξκνγήο, ν ρξήζηεο κπνξεί λα επηιέμεη ηνλ ηξφπν, κε ηνλ νπνίν ζα 

ζπλαξκνινγήζεη ην πξνο απνζηνιή εξψηεκα. Οη πηζαλέο πεξηπηψζεηο είλαη νη εμήο: 

1. Φεηξνθίλεηε ζπγγξαθή ηνπ SQL εξσηήκαηνο ζην πεδίν Query, 

2. Δπηινγή ελφο απφ ηνπο πξνθαζνξηζκέλνπο ηχπνπο εξσηεκάησλ θαη 

3. Απνζηνιή ελφο GML αξρείνπ, ζην νπνίν ζα ππάξρνπλ κνξθνπνηεκέλνη θαηά GML, νη φξνη πνπ 

ζα ζπκπιεξψλνπλ ην ηειηθφ εξψηεκα. 
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Σηελ πεξίπησζε πνπ ν ρξήζηεο επηιέμεη ηνλ NotSet ηχπν εξσηήκαηνο, παξνπζηάδεηαη κηα πεξηνρή 

θεηκέλνπ, ζηελ νπνία κπνξεί λα ζπληάμεη έλα νπνηνδήπνηε έγθπξν εξψηεκα SQL, θαη ην νπνίν ζηε 

ζπλέρεηα απνζηέιιεηαη ζην ζχζηεκα HERMES, κέζσ ηνπ VisualHERMES wrapper. Σην ζεκείν απηφ ζα 

πξέπεη λα ζεκεησζεί έλαο πεξηνξηζκφο πνπ ππάξρεη απφ ην ζχζηεκα, έηζη ψζηε λα είλαη δπλαηή ε 

κνληεινπνίεζε φισλ ησλ επηζηξεθφκελσλ δεδνκέλσλ. Ο πεξηνξηζκφο απηφο έρεη λα θάλεη κε ηα πεδία 

ησλ απνηειεζκάησλ πνπ επηζηξέθνληαη θαη ηα νπνία πξέπεη λα πεξηιακβάλνπλ ηνλ θσδηθφ ηνπ 

θηλνχκελνπ αληηθεηκέλνπ (OBJECT_ID), ηνλ θσδηθφ ηεο ηξνρηάο (TRAJ_ID) θαη ηέινο ηηο πξαγκαηηθέο 

ηξνρηέο πνπ επηζηξέθνληαη απφ ην HERMES (MPOINT). 

Όηαλ επηιεγεί θάπνηνο απφ ηνπο πξνθαζνξηζκέλνπο ηχπνπο εξσηεκάησλ, παξνπζηάδεηαη ζηνλ ρξήζηε 

κηα νκάδα πεδίσλ, ηα νπνία θαινχληαη λα ζπκπιεξσζνχλ, έηζη ψζηε ην ζχζηεκα λα ιάβεη ηηο 

απαξαίηεηεο ηηκέο γηα ηε δεκηνπξγία ησλ εξσηεκάησλ. Οη επηινγέο πνπ έρεη ν ρξήζηεο ζηε δηάζεζή ηνπ 

είλαη νη: 

1. Trajectory 

2. Spatial Intersection 

3. Temporal Intersection 

4. Average Speed/Direction 

Σηελ πεξίπησζε πνπ ν ρξήζηεο επηιέμεη ηελ απνζηνιή ηνπ εξσηήκαηνο κε ρξήζε GML αξρείνπ, 

βξίζθεηαη κπξνζηά ζε έλα πεδίν, ζην νπνίν πξέπεη λα εηζάγεη ηε δηαδξνκή θαη ην φλνκα ηνπ αξρείνπ 

απηνχ, φπσο παξνπζηάδεηαη ζηνλ ηνπηθφ ηνπ ππνινγηζηή. 

 
Δικόνα 18: VisualHERMES - Οθόνη αποζηολής GML αρτείοσ ερφηημάηφν 

Πξφθεηηαη γηα έλα αξρείν θεηκέλνπ, ηνπ νπνίνπ ηα πεξηερφκελα πξέπεη λα ζπκκνξθψλνληαη κε ην 

XML πξφηππν αλαπαξάζηαζεο δεδνκέλσλ, έηζη ψζηε λα είλαη ζπληαθηηθά νξζφ. Πέξαλ απηνχ φκσο, ην 

πξνο απνζηνιή αξρείν, ζα πξέπεη λα ζπκκνξθψλεηαη θαη κε έλα δεχηεξν ζρήκα, εληφο ηνπ νπνίνπ 

θαζνξίδεηαη ην επηηξεπηφ ιεμηιφγην πνπ κπνξεί λα ρξεζηκνπνηεζεί. Τν ζρήκα απηφ είλαη θαζνξηζκέλν εθ 

ησλ πξνηέξσλ, θαη κφλν αλ ην πξνο απνζηνιή αξρείν αμηνινγεζεί επηηπρψο απφ ηνπο δχν απηνχο 

ειέγρνπο ζα είλαη ζε ζέζε λα ππνζηεί ηελ φπνηα επεμεξγαζία απφ ην ζχζηεκα VisualHERMES. 

Δημιουργία αποτελεσμάτων 

Με δεδνκέλν φηη έρνπλ δεκηνπξγεζεί ηα θαηάιιεια επηρεηξεζηαθά αληηθείκελα γηα ηελ πεξηγξαθή ησλ 

ηξνρηψλ πνπ επεζηξάθεζαλ απφ ην ζχζηεκα HERMES, ε επφκελε δηαδηθαζία έρεη λα θάλεη κε ηε 

δεκηνπξγία ησλ ηειηθψλ αξρείσλ πνπ ζα επηζηξαθνχλ ζηνλ ρξήζηε. Η ελ ιφγσ δηαδηθαζία, απνηειείηαη 

απφ δχν δηαθξηηέο ππν-δηαδηθαζίεο: 

1. Γεκηνπξγία ηνπ GML αξρείνπ, φπνπ ν wrapper δηαηξέρεη φια ηα δηαζέζηκα αληηθείκελα 

ηξνρηψλ, πνπ έρνπλ πξηλ δεκηνπξγεζεί, θαη ηελ πξνζζήθε ζε απηά ησλ θαηάιιεισλ εηηθεηψλ 

θαη 

2. Γεκηνπξγία ηνπ KML αξρείνπ, φπνπ ν wrapper, ζπκβνπιεπφκελνο έλα εμσηεξηθφ αξρείν 

θαλφλσλ κνξθνπνίεζεο XSLT, κεηαηξέπεη λα πεξηερφκελα ηνπ GML αξρείνπ ζε φξνπο KML. 

Γηα ηε δεκηνπξγία ηνπ GML αξρείνπ, ν θψδηθαο ηνπ wrapper ιεηηνπξγεί απηφλνκα, ρσξίο θάπνηα 

επηπιένλ παξέκβαζε. Αληηζέησο, γηα ηε δεκηνπξγία ηνπ KML αξρείνπ, ν wrapper, ζπκβνπιεπφκελνο έλα 

εμσηεξηθφ αξρείσλ κεηαζρεκαηηζκψλ XSLT, κεηαηξέπεη ην αξρηθφ GML έγγξαθν ζην αληίζηνηρν KML. 

Τειηθά, ηα αξρεία πνπ δεκηνπξγεί ν wrapper VisualHERMES, παξαηίζεληαη ζηνλ ρξήζηε πνπ 

απέζηεηιε ην εξψηεκα, σο δχν ππεξζπλδέζεηο δηαδηθηχνπ (Hyperlinks). 
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Δικόνα 19: VisualHEMRES - Οθόνη λήυης αποηελεζμάηφν 

Τν πξψην εμ απηψλ, αλαπαξηζηά ην GML αξρείν θαη ην νπνίν ν ρξήζηεο κπνξεί λα κεηαθνξηψζεη 

(Download) ζηνλ ηνπηθφ ηνπ ππνινγηζηή. 

Αλαθνξηθά κε ην δεχηεξν αξρείν, ην νπνίν αλαπαξηζηά ην KML απνηέιεζκα ηνπ αξρηθνχ 

εξσηήκαηνο, ν ρξήζηεο κπνξεί επίζεο λα ην κεηαθνξηψζεη ζην ηνπηθφ ηνπ ππνινγηζηή, θαζψο επίζεο θαη 

λα δεη ηα απνηειέζκαηά ηνπ κε ηε βνήζεηα ηεο ππεξεζίαο Maps ηεο Google. Μέζσ ηεο δηεπαθήο 

πξνγξακκαηηζκνχ εθαξκνγψλ ηεο ππεξεζίαο Maps, έρεη δεκηνπξγεζεί κηα δεχηεξε ζειίδα ζην ζχζηεκα, 

ε νπνία έρεη σο ζηφρν λα θάλεη ππέξζεζε ησλ απνηειεζκάησλ πνπ έρεη ζηε δηάζεζή ηνπ ην ζχζηεκα 

VisualHERMES επί ησλ αληίζηνηρσλ ραξηψλ πνπ παξέρνληαη απφ ηελ Google (Δηθφλα 20). 

 
Δικόνα 20: VisualHERMES - Οθόνη οπηικοποίηζης KML αποηελεζμάηφν 

Απφ ην ζεκείν απηφ, ν ηειηθφο ρξήζηεο έρεη ζηε δηάζεζή ηνπ κηα ζεηξά εξγαιείσλ, ηα νπνία 

παξέρνληαη απφ ηε κεραλή νπηηθνπνίεζεο ηεο ππεξεζίαο Maps, κε ηε βνήζεηα ησλ νπνίσλ κπνξεί λα 

θηλεζεί εληφο ηνπ παξερφκελνπ ράξηε, λα πξνβεί ζε κεγεζχλζεηο ή ζκηθξχλζεηο ζε επηιεγκέλεο πεξηνρέο 
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θ.ιπ. Δπηπιένλ, θάζε ηκήκα ηεο νπηηθνπνηεκέλεο ηξνρηάο, θέξεη επηπξφζζεηεο πιεξνθνξίεο ζρεηηθά κε 

ηνλ αχμνληα αξηζκφ ηεο, ηνλ θσδηθφ ηεο φπσο απηφο παξέρεηαη αξρηθά απφ ην ζχζηεκα HERMES θαη 

ηέινο ηνλ θσδηθφ ηνπ θηλνχκελνπ αληηθεηκέλνπ. 

Συμπεράσματα 

Τν GML απνηειεί έλα αλνηρηφ πξφηππν, βαζηζκέλν ζηελ XML ηερλνινγία (Bray, θαη ζπλ., 2006) θαη 

(Bray, θαη ζπλ., 2006), ην νπνίν πεξηγξάθεη ρσξηθά θαη ρξνληθά δεδνκέλα γηα κεηαθνξά θαη απνζήθεπζε 

ζην πεξηβάιινλ ηνπ Γηαδηθηχνπ. Οη εμειίμεηο πνπ ππήξμαλ ην ηειεπηαίν ρξνληθφ δηάζηεκα ζε ζρέζε κε 

ηελ επέθηαζε ηνπ πξνηχπνπ ζηελ έθδνζε 3 (Cox, θαη ζπλ., 2004), γηα ηελ αλαπαξάζηαζε ηνπνινγηψλ, 

ηξηζδηάζηαησλ γεσκεηξηψλ, επηθαλεηψλ θαη θηλνχκελσλ αληηθεηκέλσλ, πξνζέδσζαλ κηα λέα δπλακηθή 

ζηελ απνδνρή θαη ηελ πηνζέηεζε ηνπ πξνηχπνπ απφ ηελ θνηλφηεηα. Η επηηπρία ηεο απνδνρήο απηήο 

ινηπφλ, έρεη θαηαζηήζεη ην GML σο κηα ιχζε ζην πξφβιεκα ηνπ δηακνηξαζκνχ ησλ δεδνκέλσλ κεηαμχ 

εηεξνγελψλ νκάδσλ ρξεζηψλ. 

Τα XML δεδνκέλα δχλαληαη λα νπηηθνπνηεζνχλ κε δηάθνξεο κεζφδνπο. Γηα ηελ νπηηθνπνίεζε ρσξν-

ρξνληθψλ πιεξνθνξηψλ, νη νπνίεο βαζίδνληαη ζην XML, ζε έλαλ web browser, απαηηείηαη ε κεηαηξνπή 

ηνπο ζε κηα κνξθή γξαθηθψλ, πνπ ν ηειεπηαίνο λα κπνξεί λα εξκελεχζεη. Υπάξρνπλ δηάθνξεο επηινγέο, 

νη νπνίεο παξέρνπλ ιχζεηο ζην ζπγθεθξηκέλν αληηθείκελν, θαζεκηά απφ ηηο νπνίεο θέξεη ηα δηθά ηεο, 

κνλαδηθά, ραξαθηεξηζηηθά. Σηελ παξνχζα έξεπλα, επειέγε ην KML πξφηππν κνξθνπνίεζεο (Google 

Inc., 2008), ιφγσ ηεο γεηηλίαζήο ηνπ κε απηφ ηνπ XML θαη επεηδή ππάξρνπλ ήδε πινπνηεκέλεο κεραλέο 

νπηηθνπνίεζεο ησλ απνηειεζκάησλ, ρσξίο λα απαηηείηαη ε εγθαηάζηαζε επηπξφζζεηνπ ινγηζκηθνχ (plug-

ins). Μία ηέηνηα ιχζε, είλαη θαη ε ππεξεζία Maps ηεο εηαηξίαο Google (Google Maps, 2008). 

 Τν XSLT (Clark, 1999), απνηειεί κηα εηζήγεζε ηνπ W3C, γηα ηε κεηαηξνπή ελφο XML εγγξάθνπ ζε 

έλα άιιν. Με δεδνκέλν φηη ην GML απνηειεί κηα αλαπαξάζηαζε βαζηζκέλε ζην XML, ην XSLT είλαη ζε 

ζέζε λα κεηαηξέςεη GML έγγξαθα ζε KML έγγξαθα. Οη επηκέξνπο θαλφλεο κεηαηξνπήο νξίδνληαη εληφο 

ησλ XSLT stylesheets. Με ηελ ρξήζε ησλ stylesheets απηψλ, κπνξνχλ λα παξαρζνχλ επηπξφζζεηεο 

πιεξνθνξίεο απφ ην αξρηθφ GML έγγξαθν, νη νπνίεο δχλαληαη λα εηζαρζνχλ ζην ηειηθφ KML έγγξαθν. 

Τερληθά, είλαη δπλαηή ε αλάπηπμε ινγηζκηθνχ γηα ηε κεηαηξνπή ησλ GML δεδνκέλσλ ζε 

νπνηαδήπνηε κνξθή αλαπαξάζηαζεο γξαθηθψλ, αιιά ε κεηαηξνπή απφ GML ζε KML, κε ρξήζε XSLT, 

θέξεη θάπνηα πιενλεθηήκαηα. Κάλεη ρξήζε ηεο XML, κηαο ηερλνινγίαο, επί ηεο νπνίαο βαζίδνληαη 

πνιιέο ιεηηνπξγίεο ηνπ ζεκεξηλνχ Γηαδηθηχνπ θαη ππνζηεξίδεηαη απφ ηνπο κεγαιχηεξνπο παξαγσγνχο 

ινγηζκηθνχ. Η δηαδηθαζία παξαγσγήο δηαθνξεηηθψλ αλαπαξαζηάζεσλ θξίλεηαη ζρεηηθά απιή, δηφηη ην 

XML, επηηξέπεη ην δηαρσξηζκφ ησλ δεδνκέλσλ πεξηερνκέλνπ απφ ηα δεδνκέλα παξνπζίαζεο. Δπηπιένλ, 

ζηελ πεξίπησζε φπνπ ηα GML δεδνκέλα ρξεζηκνπνηνχλ έλα πξνθαζνξηζκέλν ζρήκα εθαξκνγήο, 

νπνηνδήπνηε ζχλνιν δεδνκέλσλ κπνξεί λα αλαπαξαζηαζεί κε βάζε ην ίδην stylesheet. 

Τν ζχζηεκα HERMES (Pelekis, et al., 2006), απνηειεί κηα επέθηαζε ζην παθέην ινγηζκηθνχ Spatial 

ηνπ ζπζηήκαηνο δηαρείξηζεο αληηθεηκελν-ζρεζηαθψλ βάζεσλ δεδνκέλσλ ηεο Oracle ζηελ έθδνζε 10g 

(Oracle Corp., 2003). Μέζσ ηελ ελ ιφγσ επέθηαζεο, επηηπγράλεηαη ε δηαρείξηζε ρσξν-ρξνληθψλ 

δεδνκέλσλ (ηξνρηψλ) γηα θηλνχκελα αληηθείκελα, ηα νπνία κεηαβάιινπλ ηε ζέζε ή/θαη ην κέγεζφο ηνπο, 

αλά ηαθηά ρξνληθά δηαζηήκαηα ή ζπλερψο. Δπηπιένλ, παξέρεη φιε ηελ απαηηνχκελε ππνδνκή γηα ηελ 

ππνζηήξημε απνζηνιήο εξσηεκάησλ γηα ηα θηλνχκελα  αληηθείκελα πνπ δηαρεηξίδεηαη, κε ηε βνήζεηα θαη 

ρσξν-ρξνληθψλ ηειεζηψλ. Λφγσ ηνπ γεγνλφηνο φηη ην ζχζηεκα HERMES, απνηειεί κηα πεγή δεδνκέλσλ 

(data source) ηξνρηψλ θηλνχκελσλ αληηθεηκέλσλ ζε ηξίηεο εθαξκνγέο, θξίζεθε ζθφπηκε ε πινπνίεζε ελφο 

wrapper, ν νπνίνο ζα ήηαλ ζε ζέζε λα κνξθνπνηεί ηηο πιεξνθνξίεο απηέο ζε φξνπο GML, πξηλ ηελ 

απνζηνιή ηνπο, κε απψηεξν ζηφρν ηελ επέθηαζε ηεο δηα-ιεηηνπξγηθφηεηαο ηνπ ζπζηήκαηνο. 

Δπηπξφζζεηα, ν ρξήζηεο ζα κπνξνχζε λα ιάβεη κηα νπηηθνπνηεκέλε παξνπζίαζε ησλ απνηειεζκάησλ 

πνπ δήηεζε, επί ράξηνπ, κε ηε βνήζεηα ηεο ππεξεζίαο Google Maps, θάλνληαο ρξήζε κηαο thin client 

εθαξκνγήο, φπσο ν web browser ηνπ. Ωο εθ ηνχηνπ, ηα δεδνκέλα κνξθνπνηνχληαη θαη ζχκθσλα κε ηηο 

επηηαγέο ηνπ KML. 

Γηα ηηο αλάγθεο ηεο παξνχζαο έξεπλαο, ζρεδηάζηεθε θαη πινπνηήζεθε ην ζχζηεκα VisualHERMES. 

Μέζσ ηνπ ζπζηήκαηνο απηνχ, ν ρξήζηεο είλαη ζε ζέζε λα ζπλδεζεί ζε κηα δηαδηθηπαθή ππεξεζία-

ηνπνζεζία, απφ φπνπ κπνξεί λα απνζηείιεη εξσηήκαηα ζην ζχζηεκα HERMES, είηε επηιέγνληαο έλαλ 

πξνθαζνξηζκέλν ηχπν, είηε απνζηέιινληαο έλα GML έγγξαθν εξσηήκαηνο, λα ιάβεη ηα απνηειέζκαηα 

ηνπ εξσηήκαηνο απηνχ, κνξθνπνηεκέλα θαηά GML θαη ηειηθά, θάλνληαο ρξήζε ηεο ππεξεζίαο Google 

Maps, ε νπνία νινθιεξψλεηαη εληφο ηνπ ζπζηήκαηνο VisualHERMES, λα ιάβεη θαη ηελ νπηηθνπνηεκέλε 

εθδνρή ησλ απνηειεζκάησλ ηνπ, αθνχ απηά πξψηα κνξθνπνηεζνχλ κε βάζε ην KML πξφηππν. 
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