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Kurzfassung 
 
Das Nexus-Projekt liefert eine offene, globale Plattform für ortsbasierte und 
raumbezogene Anwendungen mit mobilen Anwendern. Mit dem Szenario SmartRoom 
wird ein neues Anwendungsgebiet in Ubiquitous Computing ein Forschungsgebiet für 
Nexus Projekt. Im SmartRoom werden drahtlos verbundene Geräte in die Umgebung 
eingebettet und liefern bessere und relevantere Unterstützung für Anwender. 
 
Das Ziel dieser Diplomarbeit ist das Erstellen eines Service Modells, das auf dem 
gemeinsamen Datenmodell des Nexus Projektes,  dem Augmented World Model, basiert 
und dieses erweitert. Die Objekte des Service Modells stellen ortsbasierte intelligente 
Geräte dar und raumbezogene Anwendungen. Um dieses Ziel zu erreichen werden 
Anforderungen an das Service Modell aus den möglichen Szenarien im SmartRoom 
untersucht. Basiert auf den Anforderungen wird eine Service Objekt Hierarchie mit neuen 
Nexus Objekttypen und Nexus Attributtypen entwickelt. 
 
Um die Anwendbarkeit dieses Service Modells zu überprüfen, werden Beispieldaten für 
Service Objekte bezogen auf dieses Modell gesammelt und in die Nexus Plattform 
gespeichert. Durch die Implementierung einer Finder-Anwendung werden Anfragen über 
und Aufrufe von Service Objekte evaluiert.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Abstract 
 

The Nexus project provides an open global platform for location- and spatial-aware 
applications with mobile users. With the scenario in the smart room a new application 
field in ubiquitous computing becomes a new research field of the Nexus project. In a so 
called smart room, wirelessly networked appliances and devices will have to be 
integrated seamlessly into the environment and provide better and more relevant support 
to individual users.  

The goal of this thesis is to create a service model which is based on the common data 
model of the Nexus project, i.e. the Augmented World Model, and to extend it. Objects of 
the service model include location-based intelligent devices and spatial applications. To 
achieve this goal, requirements for the service model are examined from the possible 
usage scenarios in the smart room. Based on these requirements, a service object 
hierarchy is designed with the new Nexus object types and new Nexus attribute types.     

To validate the workability of the service model, sample data for service objects is 
collected according to this model and stored in the Nexus Platform. Through a 
implemented Finder application, query and invocation of service objects are supported.  
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Chapter 1 Introduction 

1.1. Project Description 
The main objective of this diploma thesis is to create a Service Model, which extends the 
current Nexus Augmented World Model to support applications from the field of 
ubiquitous computing. The Service Model represents service objects, which offer specific 
functionalities to the Nexus application or to the Nexus user. Service objects could be an 
extern system or an application.   

Once this model is finished, sample data for the service objects is collected according to 
this model and stored in the Nexus Platform. To support the Nexus application or Nexus 
user to find service objects, a service finder application has to be implemented. 
Interaction between the service object and the Nexus application is then examined.    

1.2. Motivation and Objectives 
The Nexus project develops an open global Platform for mobile context aware 
applications. To provide information needed by these applications the Nexus project 
constructs the Nexus Augmented World Model that presents the real world by modeling 
all relevant real and virtual objects occurring in our environment. Because of its inability 
to guarantee the completeness of the Augmented World Model, the model is allowed to 
be extended by different applications. New objects needed by applications but not 
provided by the model are consequently added in the model.      

Recently the growth of networks and the Internet has resulted in a new set of 
requirements for developing new software applications. With processors and memory 
becoming cheaper, a redefinition of the “computing device” is required. Computation is 
set to become more pervasive, ubiquitous, and mobile. A new application field towards 
this direction i.e. the field of ubiquitous computing has come into existence. Ubiquitous 
computing changes the conventional notion of computers as consisting of a keyboard, a 
monitor, and a drive. The term, “computer” will be wearable, handheld, even hidden from 
our vision. The traditional devices embedded with a computer would become more 
intelligent. Such devices will be able to provide specific services to a user or to other 
applications.  

Requirements for developing new applications in the field of ubiquitous computing 
results in  an extension of the current Augmented World Model. Modeling services 
offered by any entity and used by another entity becomes the major task of the extension.  

As an extension of the current model, new objects (e.g. service objects: printer, scanner, 
camera, etc.) and its attributes (e.g. printer dpi, its offered services, etc.) have to be 
described in the Service Model. To offer services to user or application the service object 
should have some capabilities: interaction with the user or application in the network; 
making user aware of its supported service and how to use them. Information about what 
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a service object can do and how to access it is important for application or user. To help a 
user find and invoke a service of his interests, we should provide such information in the 
Service Model. As mentioned above, the Augmented World Model represents the real 
world. Operations invoked by the user could change the attributes of a service object, 
such changing should be propagated into the world model and vice versa. The changes in 
the attributes of service object should trigger some actions carried out by the service 
object. 

The Service Model is not able to model all the necessary services needed by the 
application, so it is extendable like the Augmented World Model.  

1.3. Approach and Overview 
To create the Service Model it is first required to understand the Nexus Platform and the 
Nexus Augmented World Model. The architecture of the Platform and technologies that 
is used to model the world are introduced in Chapter 2.  

Chapter 3 lays out the requirements elicited from usage scenarios in the field of 
ubiquitous computing. Firstly, it introduces the term “ubiquitous computing” and 
secondly, describes possible usage scenarios.  

Chapter 4 analyzes three software architectures which make its own service model to 
support interaction between services and applications. From this analysis it can draw 
decision which model is suitable for the Nexus Service Model.  

Chapter 5 describes the Nexus Service Architecture.  

In Chapter 6 the Service Model is designed. It describes the class hierarchy, new classes 
and its attributes. 

Chapter 7 describes a finder application and an evaluation of the Service Model. 
Development was done by using Finder application uses the already implemented 
software libraries by other student thesis. The evaluation is implemented using a test user 
interface.  

Chapter 8 summaries the work in this thesis and provides the work in the future.  
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Chapter 2 Nexus Overview 
In this chapter the project Nexus is briefly introduced from the two most important parts: 
first, the Nexus data model i.e. the Augmented World Model which builds the base of the 
overall project, secondly the Nexus Platform: its architecture and components. More 
information on the Platform can be found in [Nicklas et al 2001]. 

2.1. Augmented World Model 
With the explosion in networking and internetworking and a huge success in wireless 
communication more and more applications are developed for mobile users. Such 
application behavior is determined at run time, depending on the run-time context, which 
could be a geographical location context, user role context, or others. Techniques such as 
GPS, RF tags, video images, and data tags can be used to understand the context. 
Applications based on location context are already available in the market, e.g. in the 
field of information about navigation. It seems then necessary to manage and offer 
location and spatial information.  

The goal of Nexus is to provide an open global platform for spatial-aware applications 
with mobile users. Spatial information which could be needed by location- and 
spatialaware applications but independent from each other are sometimes partially 
identical. For avoiding redundancy, the Nexus Platform provides a shared global context 
model (the so called Augmented World Model) which federates local context models, so 
that various applications can receive uniform information through accessing the Nexus 
Platform.  

 

 

 

 

 

 

 

 

 

Figure 2-1: Augmented World Model [Messmer 2001] 

The Augmented World Model aims to model the real and virtual world (Figure 2-1). The 
real world is presented by real existing objects, e.g. static objects: streets, buildings, trees 
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and mobile objects such as cars etc. It can be augmented through virtual objects: VIT 
(virtual information tower which can be understood as links to web pages, external data 
such as multimedia database). The real and virtual objects are modeled in the Augmented 
World Schema. All Nexus objects have a uniform format. Nexus data provider can create 
its local Augmented World Model and integrate it into the global Augmented World 
Model which is similar to the integration of a new WWW-Server into the Web. 

This model is not stored as a single homogenous model. Instead, it is a federated, global 
view on all local Augmented World Models. Those local models are called Augmented 
Area (AA). It stores real and virtual objects inside a spatially limited area, e.g. a building, 
a city. Augmented Areas provided by different data providers can overlap or locate in 
each other. The complete Augmented World Model presents an integration of all 
Augmented Areas. 

2.1.1. Augmented World Schema 

The structure of the Augmented World Model is defined by the Augmented World 
Schema. Objects occurring in the Augmented World Model are modeled in the 
Augmented World Schema. As a data schema the Augmented World Schema defines 
object types which represent real or virtual object in our world and object relationships i.e. 
inheritance relations between object types. Every real or virtual object has its 
corresponding object type. Each object type is represented by its attributes which have its 
corresponding attribute types, too. Both object types and its attribute types are defined 
through the Augmented World Schema. The whole data model is object oriented.  

To support data exchange between Nexus applications and Nexus components Nexus 
chooses XML technology to construct its data schema. XML as a language for 
exchanging structured data is widely used in various application fields. The excellent 
advantage of XML is defining the semantics of data. For data exchanging the applications 
need only to understand the semantics of the data.   

The Augmented World Schema consists of four XML Schema documents: NSAT, 
NSAS, NSCS and AWML. Each data schema has its special functions [InfEx2004]: 

� Nexus Standard Attribute Type (NSAT) 
NSAT defines all basic types, executable for Nexus query language 
predicates (strings, geographical data types, and so on). 

� Nexus Standard Attribute Schema (NSAS) 
NSAS defines all simple and complex attributes (e.g. position or address) of 
the Nexus object types. Types of the attributes are defined by using basic 
and complex types which are constructed in basic types from NSAT. 

� Nexus Standard Class Schema (NSCS) 
NSCS represents all Nexus object types and their inheritance relations. It 
defines which attributes belong to which object types.  

� Augmented World Modeling Language (AWML) 



 

 
 - 5 - 

AWML defines the serialization of nexus objects for data exchange. 

An XML Schema defines an XML document grammar which ultimately defines the 
structure of all XML documents that comply with the grammar rules. The XML 
documents that comply with the constraints expressed through a given grammar are used 
to exchange data between applications. In Nexus, AWML designed as an XML language 
defines data exchange format whose semantic rules are defined in the NSCS. In turn, 
NSAS defines the semantic rules of NSCS, and NSAT the semantic rules of NSAS. 
These three schemas serve to represent rule stets, they are never instantiated and only 
used for ensuring the correct format of AWML instances (Figure 2-2). 

 

 

 

 

 

 

 

 

 

 

Figure 2-2 : XML-Schema for Data Modeling and Data Exchange [InfEx2004] 

Nexus enables an extension of the object types. Nexus data provider can define their own 
new object types which must obey the inheritance relations defined in the NSCS. The 
object types extension is called Nexus Extended Class Schema. It can be linked to the 
NSCS. New attribute types needed by the extension can be defined in the Nexus 
Extended Attribute Schema.  

2.1.2. Basic Nexus Object Types 

By now there are about 120 object types designed in the Augmented World Model. The 
first version of the Model was developed by Jens Meßmer [Meßmer 2000] through doing 
a use case analysis on different applications, and then was developed  continuously  by 
the Nexus project. To demonstrate the object hierarchy, it is necessary to give an 
overview of the basic object types (Figure 2-3). 
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Figure 2-3: basic Nexus object types [InfEx2004] 

2.1.2.1. NexusObject 

The NexusObject type is the root object type of the NSCS. Any other object types must 
inherit from this type. Its only one mandatory attribute is <type> which indicates the type 
of an arbitrary Nexus object.    

2.1.2.2. NexusDataObject 

The NexusDataObject type represents nexus object which offers data to the application. It 
inherits data direct from NexusObject and is the supperclass of all Nexus objects that can 
be referred to by an identifier, i.e. its mandatory attribute <NOL>. Another mandatory 
attribute is <kind> which declares whether the object is real or virtual. <name> and 
<description> are optional attributes.  

2.1.2.3. SpatialObject 

Objects of the type SpatialObject have a geographical position and extent. Its mandatory 
attributes <pos> and <extent> show its spatial characteristics.   

NexusObject 

• type : NexusStringType 

SpatialObject 

• pos : NexusPointType 
• extent : NexusGeometryType 

NexusDataObject 

• NOL: NexusStringType 
• kind : NexusKindType 

MobileObject 

• direction : NexusDirectionAttributeType 
• orientation : NexusDirectionAttributeType 
• speed : NexusSpeedAttributeType 
• residenceArea : NexusGeometryAttributeType 

BuildingObject 

• constructionDate : NexusTimeAttributeType 
 

Room 

• number : NexusStringAttributeType 
• contact : NexusContactAttributeType 

WebSituatedObject 

• uri : NexuxUriAttributeType 

Restaurant 

• style : NexusStringAttributeType 
• menu : NexusListAttributeType 
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2.1.2.4. MobileObject 

The MobileObject type represents objects which are able to move. Its attributes direction, 
orientation, speed etc. are for internal use and can help estimating future positions with a 
certain probability [Messmer 2000].   

2.1.2.5. BuildingObject, Room and Restaurant 

Objects of the type BuildingObject refer to elements which could be a single building or  
parts of a building. 

The above mentioned three object types build the basic of the Augmented World Schema. 
It will be used by extending the Nexus Standard Class Schema. 

2.2. Nexus Platform 
To provide a shared global context model for applications the Nexus Platform federates 
all local context models created by independent data providers. The idea behind it is that 
exchanging data format and interface for data querying and other functions such as event 
interface are identical for all Nexus applications and Nexus components.  

2.2.1. The Nexus Architecture 

The platform architecture consists of three tiers (Figure 2-4): the service tier is composed 
of local context servers in which different types of context information are stored; the 
federation tier integrates Nexus Node which is a server that provides the functions of the 
Nexus Platform to applications and services; Nexus applications are located in the 
application tier and use the services of the federation.   

 

 

 

 

 

 

 

 

Figure 2-4: Architecture of the Nexus Platform [InfEx2004] 
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2.2.2. Components of the Nexus Platform 

2.2.2.1. Nexus Node 

The Nexus Node is a mediator component between Nexus applications and Nexus 
services. It consists of various components which provide specific functions to the 
application. A Federation Component is responsible for processing queries from 
applications. It receives queries from applications, finds out which context servers can 
answer the query and then distributes it to different context server provided by 
corresponding data providers and returns the result in an integrated form. Applications 
need only to understand the query interface of the Nexus Node. The distribution of query 
and integration of query result is transparent for it.  

2.2.2.2. Area Service Register 

The Area Service Register is a directory of the available local context models (called 
Augmented Areas or AAs) and stores the address of their context server, their object 
types, and a spatial region containing all their types. The Federation Component sends an 
query which contains the target spatial region and object types to the ASR, and receives 
which context server stores the searched object types and then distributes the query to the 
context server.  

2.2.2.3. Context Server  

Local context models (AAs) are stored in the Context Server. It is similar to the web 
servers of the WWW. To allow simple spatial queries every context server has to 
implement certain interfaces (AWQL/AWML) and register its service area and object 
types to the Area Service Register. It processes queries in AWQL and returns the query 
result in AWML. Implementation of a context server depends on which kind of context 
information it stores. E.g. for providing large scale geographical models, a spatially 
enhanced database (Spatial Model Sever) is used [InfEx2004]. 
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Chapter 3 Requirements 
 
In this chapter requirements of the Nexus Service Model is examined. In the chapter 2 it 
is introduced that the Augmented World Model is designed to model the real world. The 
Nexus Standard Class Schema specifies the classes that cover the requirements elicited 
from the usage scenarios in the spatial awareness applications. In this thesis, applications 
in the field of ubiquitous computing will be considered especially usage scenarios of 
ubiquitous computing in the smart room.  

3.1. Ubiquitous Computing 
Ubiquitous computing makes a new vision of computers. In the future computers will be 
embedded into ordinary things in our daily life. This term was at first proffered by Mark 
Weiser [Weiser 1991]. In Weiser’s vision, computers in the future will vanish into the 
background. Current computer enforces the user who is interacting with it, to strictly 
obey its terms and its paradigms. While interacting with a computer the user obviously 
feels that the computer is a separate object. It does not disappear from the user’s 
psychology. There will be no explicit physical computer with special terminals, 
keyboards, or monitors to operate; the computers will be embedded within many aspects 
of everyday life and will be intelligent enough to operate on their own or at user’s request. 
Ubiquitous computing defines then a state where computers pervade and permeate every 
aspect of our life but remain effectively invisible to us.    

The ubiquitous computing devices have various presenting forms. They can be very small 
such as a piece of paper and very large such as a whiteboard. They can be used in home, 
office, factory and can appear in the public places. In the computer field technology has 
advanced to support the publishing of ubiquitous computing devices. Due to the 
availability of smaller and cheaper processors, memory, and network cards, almost all the 
devices become intelligent by adopting one of each component – processor, memory, and 
networking card. From a power switch to a washing machine, TV set, VCR, audio 
equipment, or microwave oven can be network-enabled. 

3.1.1. Usage Scenarios 

In this section some scenarios in ubiquitous computing are described. From the scenarios 
the requirements of the service model in Nexus can be derived.  

3.1.1.1. Smart Home 

Imaging that, you arrive at home and control your house door through your mobile phone. 
When you stand before your front door, one camera embedded in the door can identify 
you and the door will be automatically opened. When you come into the room, the room 
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wall inside which is a computer can display the important things which need to be 
evolved. Morning, your coffeemaker is informed that you wake up and want to have a 
breakfast, it makes coffee automatic and keeps it warm. Evening, house door, windows 
can automatically be closed, light and temperature are regulated into Standby.     

3.1.1.2. Smart Room 

A Smart Room is a small spatial area inside which some “intelligent” devices are located. 
These devices can provide their services to the user in the smart room or applications 
running in some portable clients (PDA, notebook, etc.). Applications bound with devices 
can provide more complex services. So, the service can be referred as a complex service 
through devices, applications and mixing of devices and applications.  

There are some kinds of usage Scenarios in smart room 

� “intelligent” devices 
Your mobile phone receives photo from your friend, you use it to print the 
photo directly to a nearby printer – no memory card, no wires, no complex 
driver installation.  
A conference takes place in a smart room. A participant of the conference 
can not be present for particular reasons. But he or she wants to know the 
current content of the conference. He searches at first for a video camera in 
the conference room. If he finds one, he starts the video camera and connects 
it with his own laptop and receives videos captured by the camera.  
Your PDA gets a map from a navigation component, but your display is not 
big enough to see the map clearly. Your PDA detects an available 
Whiteboard that is located in a nearby smart room. You come into the smart 
room and send the map to the whiteboard.  
You want to talk with your friend in another city, but your notebook has not 
microphone and speaker. You find the two devices in a smart room, and use 
them to finish your talking.  

� Application bound to devices 
Application which is bound to a device in smart room can use the functions 
of device to provide more complex services. An example for such 
application is Everywhere Display developed in Nexus Labor – “smart 
room”. An Everywhere Display is a projector which is rotary hanged and 
can be controlled.  To display its content every side of the room can be used. 
It can display desired content to a location indicated  by the user.  
Such a Everywhere Display can be set up in many scenarios: in a lecture 
professor can use the Everywhere Display to show students additional 
lecture content; in a museum it can be used to display history of an 
exhibitian.  
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3.2. Requirements 
In this section we discuss requirements for the Service Model that can contend the usage 
scenarios.  

3.2.1. Application-driven Requirements 

� Completeness and extendibility 
The applications in the above described scenarios need certain service object 
to complete their tasks. A service object is identified by its specific 
functionalities. The service object could be a hardware device, a piece of 
software, a combination of hardware devices and software, and combination 
of different devices. That means, functionalities needed by a user or an 
application could be provided by an individual service object or a complex 
service object which is composed of different individual service objects.  
To support a user or an application to find an arbitrary service object, the 
Service Model should contain as many service objects as possible which 
represent a variety of services. Some service objects can interact with the 
user or application and remotely perform service request from the user, but 
some service objects can be used only passively. 
The service model is hierarchical. Relationships between object types is “is-
a” inheritance relationship. That object hierarchy ensures its easily 
extendibility, since it is not able to contain all service objects needed by the 
new applications.  

� Service data 
A service object contains static data and dynamic data. Static data describes 
the service object, such as information about its functionalities and its 
service interface. Dynamic data describes the changing state of the object.  
Accessing the information of the service object is accomplished through 
queries, predicates and functions. Because the Service Model is an extension 
of the current Augmented World Model, it can use direct query 
functionalities provided by the Augmented World Model. Queries are based 
on the spatial information of the service object. Spatial relationship of 
service objects with applications builds a condition for using the service 
objects. If a context-aware application finds any service object, it should 
examine if the service object’s functionality satisfies its requirement and its 
own characteristic can support it to contact with the service object.     

� Consistency 
Information in the Service Model represents the actual service object in the 
real world. Some changes triggered by the service object in carrying out the 
application’s service request should be visible in the model. So that 
applications which get information of the service object can keep consistent.   
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� Compatibility 
The same service could be provided by different parties. The Service Model 
provides the information about service object supported by different 
organization to support the application to find service meeting its 
requirements. 
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Chapter 4 Related Work 
 
The Nexus Platform provides a shared global context model that federates local context 
models. Local models contain different types of context information which represent the 
real and virtual world. Services in Nexus Platform refer not only to the real world objects 
such as cameras, printers, scanners, monitors and so on, but also to the virtual world 
objects such as an application. Through Nexus Platform, a mobile user can access an 
interested service based on the existing environment context.  
There exist already many technologies such as Jini, UPnP, WSDL to support interactions 
with and between these services. We will compare these technologies in the aspects of 
service modeling, finding and using.  

4.1. Jini 
Jini technology was launched by Sun in 1999. It intended to realize the vision of 
distributed computing on the “ubiquitous network”. Jini technology is based on the Java 
technology. Wherever the Java virtual machine is embedded in computer systems and 
other devices connected to a network, both code and data can move across these devices 
regardless of their native platforms.  

Any device (or user or application) that is enabled with Jini technology can function as a 
"service" on a network. Jini technology provides a flexible infrastructure for delivering 
such services in a network and for creating spontaneous interactions between clients that 
use these services regardless of their hardware or software implementations.  

4.1.1. Service Model 

In Jini, the hardware, software, or a combination of both are abstracted as a service. A 
Jini service is identified by an interface, that defines the operations which can be 
requested of that service. The interface reflects the service type. Each service (interface) 
can be implemented in many ways, by many different vendors (Figure 4-1).  

 

 

 

 

 

 

Figure 4-1: service defined as an interface 
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According to this service model a service provider offers a service by implementing an 
interface of this service. To search for a certain service a service requester should know 
the name of that interface. When it finds a service, it does not know with which concrete 
object it contacts, but knows only which received object implements the needed interface.   

4.1.2. Interactions between Service Components 

A Jini Lookup service plays an important role to support a service provider to advertise a 
service and a service requester to find a service.  

The Lookup Service not only stores all the service information that are supplied by the 
service provider, but also supports the service requester to find an appropriate service. It 
is a place where service providers register and advertise their availability to other 
members of the Jini community, and where a service requester finds interested service 
providers.  As one of the core components of the Jini architecture the lookup service is a 
Jini service, too. It is defined as an interface with operations to support service 
registration and query. 

Service Requester and Service Provider use discovery protocol to look for one or more 
nearby lookup services. In Jini, the service requester and the service provider express its 
interest through a multicast request protocol, to which a lookup service responds through 
a TCP-based unicast protocol.  

Lookup Service, Service Requester and Service Provider work together to provide a 
dynamic distributed service network. The dynamical construction of a network of 
services is accomplished in three phases which is shown in Figure 4-2.  

 

 

 

 

 

 

 

 

Figure 4-2: components model 
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4.1.2.1. Registration with a lookup service 

Firstly, a service must be registered with the lookup service. Two object classes are 
created on the size of the service provider to provide a service: implementation of a 
service interface and a service proxy. Secondly, the details of the service must be 
registered with a lookup service. The service details includes service ID, service 
attributes and a service provider’s proxy object. The splitting of a service into two parts is 
done by using RMI semantic. 

4.1.2.2. Querying for Desired Services 

A service requester searches for services by contacting lookup services. The Lookup 
service supports a type-based query model. The type of service entities can be defined 
using either an interface or a class syntax. To query a service type its superclass, subclass 
or interface could be returned. Additionally, the lookup service supports specific and 
precise queries based on known attribute values such as service ID and special properties 
of a service.   

The result of a query could be an object or an array of matches. The query is 
nondeterministic. It is not expected to return all or everything. 

4.1.2.3. Binding service 

After a service requester has discovered a service, it can download the service proxy and 
through it invoke methods of the service at runtime. Using the proxy creates a loose 
couple between the service requester and the service provider.  

The service requester exchanges information with the service provider by using a 
protocol which is known to both of them. The communication can use any protocol: RMI, 
CORBA, DCOM, SOAP, or any proprietary protocol. 

4.1.3. Requirements of Jini 

� Jini architecture is a Java solution for a dynamically distributed and 
pervasive computing. All the software service components are expected to 
be implemented in Java and stay as Java objects within the Jini community.  

� To download a proxy of lookup service, to perform service registration and 
to query a service, a service provider and requester needs a Java virtual 
machine, which supports standard Java and RMI.  
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4.1.4. Jini in Nexus 

The Jini service model is not suitable for modeling Nexus services. It supports only a 
single entity type, a service type, it does not support multiple individual types, such as 
printer, scanner, or refrigerator.  

Nexus Platform federates useful context information which helps the user in finding and 
using services of interest that are bound to the surrounding environment. As a service 
container, Nexus context server can store service data which can be used by the service 
requester to contact with a service provider. The service provider needs to store only 
necessary information such as what kind of service it provides and how the service can be 
used i.e. data format and communication protocols. The service requesters can directly 
communicate with the service provider and access the service. The service does not need 
to be a Java object. It can be arbitrary objects such as C or C++ objects.  

4.2. UPnP 
Microsoft invented Universal Plug and Play (UPnP) and then founded an industry group, 
the UPnP Forum, which is now maintaining the standard with Microsoft leading the 
group.  

UPnP provides a network architecture that offers pervasive peer-to-peer network 
connectivity of PCs of all form factors, intelligent appliances, and wireless devices. UPnP 
is built using open Internet-standards, such as IP, TCP, UDP, HTTP, SOAP and XML, 
for various devices to discover and join a network dynamically. Using a device in UPnP 
community needs no configurations, no device drivers. Constructing a UPnP device is 
independent of platform and language. Communication between the control points 
(service requester) and the devices (service provider) must honor the UPnP 
communication protocols.  

4.2.1. Service Model 

UPnP service refers only to a physical device. A UPnP device is described in two parts: 
device and service description. Both of them are XML documents.   

4.2.1.1. Device description 

A UPnP device is a single physical device. It may include multiple logical devices which 
can be modeled as a single root device with multiple devices (and services) or as multiple 
root devices (perhaps with no embedded devices).  

 

 



 

 
 - 17 - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-3 : UPnP Device Template [UpnP DA 1.0] 

Device description includes vendor-specific, manufacturer information like the model 
name and number, serial number, manufacturer name, and URLs to vendor-specific Web 
site. It contains the service description provided by the device. For each service the 
service description contains the service type, service name, an URL for service 
description, an URL for control, and an URL for eventing.  

A UPnP device description is written by the UPnP vendor. The description is in XML 
syntax and usually based on a standard UPnP device template (Figure 4-3).  

<?xml version="1.0"?> 
<root xmlns="urn:schemas-upnp-org:device-1-0"> 
  <specVersion> 
    <major>1</major> 
    <minor>0</minor> 
  </specVersion> 
  <URLBase>base URL for all relative URLs</URLBase> 
  <device> 
    <deviceType>urn:schemas-upnp-org:device:deviceType:v</deviceType> 
    <friendlyName>short user-friendly title</friendlyName> 
    <manufacturer>manufacturer name</manufacturer> 
    <manufacturerURL>URL to manufacturer site</manufacturerURL> 
    <modelDescription>long user-friendly title</modelDescription> 
    <modelName>model name</modelName> 
    <modelNumber>model number</modelNumber> 
    <modelURL>URL to model site</modelURL> 
    <serialNumber>manufacturer's serial number</serialNumber> 
    <UDN>uuid:UUID</UDN> 
    <UPC>Universal Product Code</UPC> 
    <iconList> 
      <icon> 
        <mimetype>image/format</mimetype> 
        <width>horizontal pixels</width> 
        <height>vertical pixels</height> 
        <depth>color depth</depth> 
        <url>URL to icon</url> 
      </icon> 
      XML to declare other icons, if any, go here 
    </iconList> 
    <serviceList> 
      <service> 
        <serviceType>urn:schemas-upnp-org:service:serviceType:v</serviceType> 
        <serviceId>urn:upnp-org:serviceId:serviceID</serviceId> 
        <SCPDURL>URL to service description</SCPDURL> 
        <controlURL>URL for control</controlURL> 
        <eventSubURL>URL for eventing</eventSubURL> 
      </service> 
      Declarations for other services defined by a UPnP Forum working  
      committee (if any) go here 
      Declarations for other services added by UPnP vendor (if any) go here 
    </serviceList> 
    <deviceList> 
      Description of embedded devices defined by a UPnP Forum working  
      committee (if any) go here 
      Description of embedded devices added by UPnP vendor (if any) go here 
    </deviceList> 
    <presentationURL>URL for presentation</presentationURL> 
  </device> 
</root> 
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4.2.1.2. Service description 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-4 : UPnP Service Template [UPnP DA 1.0] 

For each service, the description includes a list of the commands (or actions) the service 
responds to, and parameters (or arguments) for each action. The description for a service 

<?xml version="1.0"?> 
<scpd xmlns="urn:schemas-upnp-org:service-1-0"> 
  <specVersion> 
    <major>1</major> 
    <minor>0</minor> 
  </specVersion> 
  <actionList> 
    <action> 
    <name>actionName</name> 
      <argumentList> 
        <argument> 
          <name>formalParameterName</name> 
          <direction>in xor out</direction> 
          <retval /> 
          <relatedStateVariable>stateVariableName</relatedStateVariable> 
        </argument> 
        Declarations for other arguments defined by UPnP Forum working  
        committee (if any)go here 
      </argumentList> 
    </action> 
    Declarations for other actions defined by UPnP Forum working  
    committee (if any)go here 
    Declarations for other actions added by UPnP vendor (if any) go here 
  </actionList> 
  <serviceStateTable> 
    <stateVariable sendEvents="yes"> 
      <name>variableName</name> 
      <dataType>variable data type</dataType> 
      <defaultValue>default value</defaultValue> 
      <allowedValueList> 
        <allowedValue>enumerated value</allowedValue> 
        Other allowed values defined by UPnP Forum working committee (if  
        any) go here 
      </allowedValueList> 
    </stateVariable> 
    <stateVariable sendEvents="yes"> 
      <name>variableName</name> 
      <dataType>variable data type</dataType> 
      <defaultValue>default value</defaultValue> 
      <allowedValueRange> 
        <minimum>minimum value</minimum> 
        <maximum>maximum value</maximum> 
        <step>increment value</step> 
      </allowedValueRange> 
    </stateVariable> 
    Declarations for other state variables defined by UPnP Forum working  
    committee(if any) go here 
    Declarations for other state variables added by UPnP vendor (if any)  
    go here 
  </serviceStateTable> 
</scpd>  
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also includes a list of variables; these variables model the state of the service at run time, 
and are described in terms of their data type, range, and event characteristics. 

Like a UPnP device description, a UPnP service description is written by UPnP vendor. 
The description is in XML syntax and usually based on a standard UPnP service template 
(Figure 4-4). 

4.2.2. Interactions between Service Components 

UPnP defines two roles of devices: control points who act as clients and devices who act 
as servers. Interactions between control points and devices comply with the UPnP 
protocols illustrated in the following Figure 4-5. Before a control point or device joins an 
UPnP network, it must first obtain an IP address. There are two ways to fetch an IP 
address. If a DHCP server exists, it can obtain the IP address from the DHCP server; 
otherweise, it can use the AutoIP mechanism to obtain an address from a set of reserved 
IP addresses. As soon as the control point and device has obtained an IP address, the 
UPnP protocol can start.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-5 : UPnP Architecture [Hansmann et al 2003] 
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4.2.2.1. Service Advertise and Query 

To advertise and query for a device in the UPnP network devices and control points use 
the Simple Service Discovery Protocol (SSDP). SSDP represents UPnP discovery 
protocol, which use HTTP over both unicast and multicast UDP.  

� Discovery – Advertisement 
When a new device is added to the network, it multicasts discovery 
messages advertising itself, its embedded devices, and its services. Any 
interested control point can listen to the standard multicast address for 
notifications that new capabilities are available. If a device is removed from 
the network, it should multicast a number of discovery messages revoking its 
earlier announcement, declaring that its device and services will no longer be 
available [UPnP DA 1.0]. 
Discovery messages contain vendor-specific information, e.g., URL for the 
device description and device identifier; information from a UPnP Forum 
working committee, e.g., device type; its root device, any embedded devices, 
and any services. It is written in the format defined by the  SSDP. It is 
delivered via a multicast variant of HTTP extended using additional methods 
and headers. The HTTP messages are delivered via UDP over IP.  
A device uses method NOTIFY and SSDP:ALLIVE to advertise that it is 
available and uses method NOTIFY and SSDP:BYEBYE to advertise that it 
is unavailable.  

� Discovery – Search 
When a new control point joins the network, it can search for devices of 
interest on the network. It multicasts search messages which contain vendor-
specific information, such as device or service types and identifiers. The 
device or service types are defined by a UPnP working committee. All 
devices must listen to the standard multicast address for these messages and 
must respond if any of their embedded devices or services match the search 
criteria in the discovery message. [UPnP DA 1.0]. 
The search message is written in the format defined by the SSDP. 
Control point uses method M-SEARCH and ssdp:discover to search for a 
device. If a device finds a specific search from a control point to be 
matching, it responds to the control point. Responses contain the same 
information contained in discovery advertisements.  

4.2.2.2. Service Control 

To control a service the control point can send a suitable control message to the control 
URL n the device description. (IP-Address of the device, URL for control, see device 
description, some URLs for specific purpose ) 

Control messages are formatted using Simple Object Access Protocol (SOAP) and 
expressed in XML. It contains action names, argument names and variables defined by 
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the UPnP Forum working committee. Invoking actions on services is accomplished in 
RPC. 

Like function calls, in response to the control message, the service returns any action-
specific values which are also encapsulated in UPnP specific formats and formatted using 
SOAP. The effects of the action, if any, are modeled by changes in the variables that 
describe the run-time state of the service. 

4.2.3. UPnP in Nexus 

UPnP treats a device as an individual object which is described in two parts: device and 
services offered by the device. Device description specifies the type of device. Services 
have actions (~ methods) and state variables (~ properties).  From service description a 
service requester knows which actions it can invoke. This service model represents 
particularly the objects in the real world. It is useful for the Nexus Platform. The 
disadvantage of the UPnP service model is that, it can not handle services other than 
devices, such as software applications.  

4.3. WSDL 
WSDL was developed jointly by Microsoft and IBM. It is used to describe a web service. 
A web service implements an interface that describes a collection of network-accessible 
operations through standard XML messaging [Zimmermann 2003]. Based on XML 
technology WSDL specifies which functions a web service provides and how to access it.  

4.3.1. Service Model 

The definition of a web service comprise of two parts: the first one defines an abstract 
interface of the service, and the other defines a concrete way in which the service can be 
accessed such as communication protocol and location of the service.  

4.3.1.1. Abstract part 

The abstract part defines the following four elements: 

� types 
Data types defined in this element identify and define all the data structures 
that will be exchanged as parts of messages between applications [Alonso 
2004]. It uses the same type system as XML Schemas, although it can 
specify a different type system.  

� message 
A message is a data unit of communication. Each message is composed of 
parts. Each part refers to a previous defined type.  
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� operation 
An operation describes abstractly a service call. It contains an input 
message, an output message and optionally several fault messages.  

� PortType 
PortType defines a collection of operations.  

4.3.1.2. Concrete part 

The concrete part specifies a concrete implementation of a web service. It is defined 
using the following three constructs: 

� binding 
Binding element defines communication protocol, interaction styles and 
encoding rules for all operations and messages defined in a given port type. 
SOAP is usually used in WSDL as a communication protocol. It must be 
noted that WSDL allows communication protocols other than SOAP to be 
used as well. Interaction style defines that an operation is an RPC-style 
operation or a document-style operation. Encoding rules should be used in 
serializing the parts of a message into XML. There are usually two possible 
encoding: literal and SOAP. 

� port 
Port element specifies a network address at which the implementation of the 
port type can be accessed.  

� service 
A service is a collection of related ports.  

4.3.2. Interactions between service components 

Figure 4-6 in the following page shows how the service provider interacts with the 
service requestor.  

4.3.2.1. UDDI: registering and discovering web services 

Using UDDI  a web service can be registered and discovered. UDDI defines data 
structures: businessEntity, businessService, bindingTemplate and tModel for publishing 
service descriptions in the UDDI registry. It defines also APIs: UDDI Inquiry API, UDDI 
Publishers API, UDDI Security API and so on for querying the registry to look for 
published descriptions.  
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4.3.2.2. SOAP: invoking web services 

To invoke a web service WSDL is combined with SOAP. SOAP as a transport protocol 
supports synchronous and asynchronous communication.   

 

 

 

 

 

 

 

 

 

 

 

Figure 4-6 : Web service building blocks [Zimmermann 2003] 

4.3.3. WSDL in Nexus 

The focus of WSDL is on web services which refer mostly to business applications. 
Which functions are provided by a Web Service and how to access them are content of a 
WSDL document. Service in Nexus is referred to real and virtual object in the world. 
Attributes of a Nexus Service such as physical characteristics of a device can not be 
described in WSDL. So, WSDL is not suitable for modeling a Nexus Device. But WSDL 
can also be used in Nexus Service Modeling. WSDL can describe a software application. 
There are already many tools to support Web Services.  

4.4. Aware Home 
The Aware Home project is founded as a research of ubiquitous computing in home 
environment by the Georgia Institute of Technology in Atlanta, Georgia, USA [Kidd 
1999]. It intends to research the effect of home on the quality of human life. To support 
any significant research in this area a home as a living laboratory was built, so called the 
Aware Home.  
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Its research fields comprise mainly: using sensing technologies to gather context-aware 
information and building context-aware applications which use these sensed information; 
providing seamless interactions of the inhabitants with the home by collaborating of the 
wearable computer and the computers embedded in the environment; addressing issues of 
privacy araised from the occupants  whereabouts and activities being observed by the 
home.    

This project focuses its research of ubiquitous computing on the home environment. Its 
main purpose is to develop applications in the field of ubiquitous computing. It does not 
have an uniform data model and can not provide context information of various types to 
diverse applications. However, using a wrapper-approach, a spatial data server from the 
Aware Home was integrated into the Nexus Platform, so that data that follows the Nexus 
Data Model can be accessed by Aware Home applications [Lehmann et al 2004].  

4.5. Context ToolKit 
Context ToolKit is developed by the Georgia Institute of Technology in Atlanta, Georgia, 
USA [Salber 1999]. It aims at facilitating the development and deployment of context-
aware applications.  

The concept of the Context Toolkit relies on the concept of context widgets. The Context 
Toolkit consists of context widgets and a distributed infrastructure that hosts the widgets. 
It is inspired by the GUI (Graphical User Interface) toolkit and its widgets. Similar to the 
GUI widgets which mediate between the application and the user, context widgets 
mediate between the application and its environment. To sense context information the 
applications make use of the context widgets which can provide applications with access 
to context information but insulate applications from context acquisition concerns. 
Context widgets hide the complexity of the actual sensors and provide applications 
suitable context information.  

Based on the concept of Context Toolkit some context widgets were built, such as 
IdentityPresence Widget that senses the surrounding environment for the presence of 
people and their identity; Activity Widget that continuously monitors the surrounding 
environment for significant changes in activity level.  

The Context Toolkit is developed to support applications to access the context 
information. By making use of the Context Toolkit it is easier to develop context-aware 
applications. In contrast with Nexus which integrates multiple sensor and sensor data and 
uses it to present the real world, the Context Toolkit focuses on providing applications 
the specific functionalities of sensor or a set of sensors.   

4.6. Aura 
Project Aura is founded at Carnegie Mellon University in 2000. It intends to provide a 
architectural framework that solves two of the hard problems in developing software 
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systems for ubiquitous computing. The first problem refers to the continuity of user’s 
work when he or she moves from an environment to another. The second is the problem 
of resource variability that arises from the user mobility and time-varying resources in a 
given environment.  

The key feature of Aura‘s approach to handling these two problems is that user tasks 
become first class entities. A user task, e.g. editing a text, playing a piece of music and  
communicating with another person, etc. need appropriate resources, such as applications 
to edit text or play video. Aura represents user tasks as collections of abstract services, 
such as “edit text” and “play video”, which can be provided by different Service 
Suppliers. Such user task is described in a platform-independent form, specifically XML-
based. Service types supplied by a Service Suppliers share a vocabulary of tags and 
corresponding interpretation.   

For each mobile user a personal Aura is generated. It acts as a Proxy for the user. 
Abilities of a personal Aura includes marshalling the appropriate resources to support 
user’s task, capturing physical context around the user, such as user location, activity 
(moving, sitting, etc.), recognition, etc.      

To support the action of such a personal Aura the Aura’s architectural framework [Sousa 
& Garlan] is designed. Its central component is Task Manager (Prism). It embodies the 
concept of personal Aura. While instantiating a user task based on its platform-
independent description, Prism slices the task description to the service description and 
pass it to the Service Suppliers that map the abstract service description into application-
specific settings.  When some changes occurred such as environment, user task, etc., 
Prism coordinates with other components to support the user’s task.  

 

 

 

 

 

 

 Figure 4-7: Aura’s architecture [Sousa & Garlan] 

The Aura project focuses on the user mobility. Services used by the mobile user refer to 
only software applications. It does not provide a data model containing context 
information about the environment and is a top-level approach for developing 
applications in ubiquitous computing.    
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Chapter 5 Nexus Service Architecture 
The purpose of the Nexus Service Architecture is to illuminate the way the Nexus user or 
Nexus application interacts with the Nexus Service Object. The following Figure shows 
the conceptual Nexus Service Architecture: 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-1: conceptual Nexus Service Architecture 

The Nexus Platform supplies service data presenting a Nexus Service Object to the 
Nexus User/Application. Using such service data interaction between a Nexus 
User/Application and a Nexus Service Object can be carried out.    

Nexus User/Application should first find service objects in the Nexus Platform. This can 
happen through searching services dynamically based on context information of the 
Nexus mobile user. The Nexus Platform processes a Service Query. After having found 
one, the Nexus user or application can invoke services offered by the service object.    

Invocation of a Nexus Service Object is dependent on its characteristic. In the next 
sections service invocations are conceptually described.  
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5.1. External Invocation 
 

 

 

 

 

 

 

Figure 5-2: external invocation 

For a Nexus Service Object which is invoked external, the Nexus Platform should store 
its access information, e.g. access point, communication protocol, data exchange format, 
etc in the Nexus Context Server. Such information is exposed to Nexus applications and 
used by it to interact with the service object. In this case, the applications needs meet the 
requirements of the invocation. The two communication parties agree upon the 
communication protocol and the service interface contract.  

5.2. Integrated Invocation 
 

 

 

 

 

 

Figure 5-3: integrated invocation 

Invocation of a Nexus Service Object is done via the Nexus Platform. Such service object 
stores its data in the Nexus Context Server. When the Context Server receives an update 
of service data, it changes the service data and initiates an invocation of the service object. 
Typical examples for this are controlling a lamp on or off, closing door and window, etc. 
Such service objects are called actuators which perform certain actions indicated by the 
user or application. Effect of such actions is to change the real world.  
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This invocation method is suitable for such service objects whose state changing modify 
direct the environmental information. To represent the real world, changes in the real 
objects should be projected in the Nexus data model, and vice versa. So, when data of the 
service object in the data model is changed, such changing triggers actions occurred in 
the real service objects. Applications or users can then change the surrounding 
environment through updating service data.   

5.3. Local Execution 
 

 

 

 

 

 

 

 

Figure 5-4: local execution 

Applications used by other applications and users are treated also as Service Object in 
Nexus. In Nexus such applications are spatial objects. They are available only in a limited 
spatial area. Running such service objects requires operating environment which refers to 
operating system and computing hardware. It stores service data such as its supported 
operations and its download address in the Nexus Context Server. When a spatial object 
is found by the Nexus user or application through the Nexus Platform, it can be 
downloaded and run on the side of user or application. To provide its functionalities, it 
may invoke services offered by other Nexus Service Object. The invocation of services 
could be either external or integrated.  
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Chapter 6 Nexus Service Model 

6.1. Approach for the Service Model 
For setting up the Nexus Service Model the following steps were applied: First, the 
requirements of the model had to be analyzed. And secondly, for this purpose, possible 
applications in the field of ubiquitous computing especially in the smart room were 
observed. The exact meaning of service is declared in these applications:  

Definition: service 

The term service refers to a set of entities which provide certain functionalities to the 
Nexus user or to the Nexus application. The entity could be a hardware device, a piece of 
software, a combination of hardware device and software, and combination of different 
devices.  

This declaration is useful to design necessary class types. And then a comparison and 
analysis of some existent technologies used in modeling service were made. Through this 
process we can use the profit of these technologies into the Nexus Service Model and 
make our Service Model to provide better and more relevant support to individual 
applications.  

The requirements influence which object types are necessary in the Service Model. 
Because the Service Model is an extension of the current Augmented World Model, it is 
object-oriented and represents the service objects in the real world. In the previous lines, 
it has declared that a service could be combined with another service, through this 
combination a more complex service can be provided to the application. To achieve this 
goal, multiple inheritance between object types is used.  

Supporting an application to invoke the functionalities of service is the main purpose. 
This requirement influences which necessary attributes the service should hold to support 
service invoking. In order to test the correctness of the service model, examples of some 
services with its associated attributes were created. Through a simple finder that is a 
service query component, the application can find services of its interest and interact with 
the service. 

6.1.1. Issues of Service Model 

6.1.1.1. Complexity of service 

A service is a logical concept such as printing service, chat service, communication 
service, etc. Commonly the service itself will be identified by its particular functions. In 
Nexus an external system or an application which provide service to Nexus user or Nexus 
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applications are referred to service object. A service object could be an individual real 
entity such as hardware, or a virtual entity such as a software.  

The service could be provided either by a single hardware or a single software, or by a 
combination of software and hardware.  

6.1.1.2. Classification of service object 

The complexities involved in classifying the various types of service object are 
compounded by the various services supported by service objects. Distinct entities could 
provide similar services. An individual service object could provide a single service or 
multiple services.  

To support an extension of the Service Model in the future, that means, adding a new 
service object type into the model, the service object is classified according to single 
service. Service objects which provide similar single service will be generalized to a 
service object types. If a service object provides multiple services, it will belong to an 
object type which inherits from multiple object types. For example, HP printer is an 
instance of an object type Printer, HP printer/scanner/fax is then an instance of an object 
type Multiprinter.  

6.2. Nexus Schema Extension 
In this section a set of new Nexus Classes which extend the Nexus Standard Class 
Schema and model the service objects in the real world are defined. Class definitions and 
class hierarchy are shown in the following figures. By definition, attributes of 
superclasses are inherited by their subclasses. Therefore they are not specified in the 
subclasses any more.  

6.2.1. New Nexus Attribute Type 

Some new basic types as an extension to the NSAT which are used to construct new 
attribute types are listed below: 

� NexusBinaryType 
It represents binary data, e.g. for data type of image. Because XML does not 
support directly embedding binary data, it may be converted into text (and 
thereby embedded into XML) using an XML data type of either 
base64Binary (a MIME-style base 64 encoding for binary data) or hexBinary 
(hexadecimal digits represent octets). 

� NexusXMLType 
This type describes an extern XML document which is created by another 
type system i.e. aother XML name spaces can be described.  
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� NexusDataStreamType 
This type is used to describe stream of binary data, i.e. a sequence of bytes. 
Characteristic of this stream data is that it requires timely delivery and 
processing. Both in terms of receiving and presenting the data, there are 
strict timing deadlines that must be met. For this reason not only steam data 
but time sequence should be contained in this type. 

6.2.2. New Nexus Attribute Schema 

In this section new attribute types needed by the new object types are declared. 

� NexusXMLAttributeType  
This type represents an XML document and consists of the basic attribute 
type: NexusXMLType.   

� NexusDataStreamAttributeType 
It describes stream of binary data and consists of the basic attribute type:  
NexusDataStreamType.  

� NexusProtocolAttributeType 
This type specifies a communication protocol and consists of the basic 
attribute type:  NexusStringType. 

� NexusAccessMethodAttributeType 
It indicates the access method of a ServiceObject. A ServiceObject can be 
directly, indirectly or both of them invoked by the user or an application.  

� NexusSoundAttributeType 
This attribute describes characteristics of sound: volume, treble, bass, 
balance and fade. 

� NexusMediaDataTransferMannerType 
Media data could be transferred either in a pull manner: data transfer is 
initiated and controlled from the client side or in a push manner: the server 
initiates data transfer and controls the flow of data.   

� NexusMediaDataLocationAttributeType 
This attribute identifies location of media data and its transfer protocol.  

6.2.3. New Nexus Classes 

In this section classes which cover the requirements that were elicited from the usage 
scenarios in smart room are defined. Attributes of the corresponding classes are 
described.  
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6.2.3.1. Basic Class of the Service Model  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-1: the top level of the class hierarchy  

ServiceObject is the superclass of all Nexus service objects. It inherits from 
SpatialObject, because in Nexus service object is available in a certain spatial area. 
For example, a physical device is located in any position; an application can be used only 
in a limited spatial area.   

Attributes of ServiceObject are elicited from requirements of ubiquitous computing. 
In ubiquitous computing computer will be hidden into our daily life objects. For example, 
an intelliboard can display information about newspaper or important messages, user can 
leave words on it for somebody; a coffeemaker can automatically be turned on or off, 
based on user’s work schedule. Communication technique plays here an important role. 
Ubiquitous computer connected to any network can communicate with any other 
application running on any computer and user, it can perform its specific operations or 
process requests from the user or the application.  

The attribute accessAddress describes its network address. It could be an IP address or a 
URI. Its usage is determined by the attributes accessProtocol which indicates a protocol 
used to communicate with the service object. It could be CORBA, RMI, DCOM, HTTP 
or any other proprietary distributed protocols. Applications which use the same protocol 
to communicate can create a connection to the service object. For this attribute a new 
attribute type NexusProtocolAttriubteType is defined.  

The attribute serviceDescription serves to describe service interface: operations and 
arguments. It is worth noting that this attribute is basically a service interface contract, 

NexusObject 

SpatialObject 

NexusDataObject 

WebSituatedObject 

Application 

Device SpatialApplication 

ServiceObject 

• accessProtocol : NexusProtocolAttributeType 
• accessAddress : NexusStringType 
• serviceDescription : NexusXMLType 
• supportedOperations : NexusListType 
• performOperation : NexusStringType 
• accessMethod : NexusAccessMethodAttributeType 
• state : NexusStringType 
• stateReason : NexusStringType 
• …… 

• uri : NexusUriType 
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written in XML, to which the application must agree. Considered its content is structured 
data, no attribute type in the current attribute schema is suitable for it. A new attribute 
type NexusXMLType is needed. 

Functionalities offered by the service object are described in the attribute 
supportedOperations. Its content can help a user or an application determine if the 
service object fulfills its requirements. Effect of the attribute performOperation is just 
like an actuator. The Nexus application or the user can cause an action in the service 
object through updating this attribute. If content of this attribute is changed, Nexus 
Platform can inform the service object by using Nexus Event Service.  

The attribute accessMethod describes access method of a service object: users or 
applications can interact directly with the service object or indirectly through the Nexus 
Platform. Type of this new attribute is NexusAccessMethodAttributeType.  

Current state of a service object and its causing reasons are described by the attributes 
state and stateReason. Value of attribute state identifies possible state of the service 
object while it is performing an operation.   

6.2.3.2. Device 

 

 

 

 

 

 

 

 

 

 

Figure 6-2: the Device type hierarchy 

Device is the superclass of mechanical contrivances serving a particular purpose. 
Different categories of devices will be associated with different sets of services. For 
instance, services within a computer will be different than those within a telephone. 
According to its offered services Device is classified into Computer (device for 
making calculations or controlling operations that are expressible in numerical or logical 
terms [Wikipedia01]), MediaDevice (devices for processing data of media type 

Device 

• UPnPDeviceDescription : NexusXMLType  
• productName : NexusStringType  
• productDate : NexusTimeType 
• manufacturerName: NexusStringType  
• modelName : NexusStringType  
• modelNumber : NexusStringType 
• warrantyTime : NexusTimeType 
•  …… 
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defined in RFC 2045, RFC 2046, i.e. text, audio, video, image, application, etc), 
MachiningDevice (devices for producing  new substances in a manner of 
machining), HouseholdAppliance (devices used in house), 
CommunicationDevice (devices for support communication between different 
parties), and any other devices.  

Attributes of Device describe vendor-specific, manufacturer information like the model 
name and number, serial number, manufacturer name, warranty time, etc. 

The attribute UpnPDeviceDescription contains device description of an UPnP device. An 
UPnP control point could through the Nexus Platform find UPnP device of interest and 
contact it.   

6.2.3.3. Computer 

 

 

 

 

 

 

Figure 6-3: the Computer type hierarchy 

Computer is the superclass of all the devices for making calculations or controlling 
operations that are expressible in numerical or logical terms. Classification of computer 
in this thesis bases their usage. This approach is commonly employed by computer 
manufacturers to describe their products and users of computers to describe the machines 
they interact with. Some examples of such devices include: Supercomputer, Workstation, 
Desktop, etc. Attributes of Computer describe information of its essential components, 
such as main memory, processor, speed of CPU, etc.  

Computer devices distinguish from the devices in which the computer is embedded, i.e. 
intelligent devices. Such devices make use of the computer to provide users or 
applications its specific functions.  

Desktop 

 

Computer 

• mainMemory: NexusIntegerType 
• processor : NexusStringType 
• CPUspeed : NexusFloatType 
• operatingSystem : NexusStringType 
• installedSoftware : NexusListType 
• internalDevices : NexusListType 
• …… 
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6.2.3.4. ComputerPeripheral 

 

 

 

 

 

 

 

 

Figure 6-4: the ComputerPeripheral type hierarchy 

ComputerPeripheral is the superclass of computer hardware devices that is added 
to a host computer, in order to expand its abilities. Typical examples include joysticks, 
printers and scanners. In the following examples , we use Printer and Scanner to illustrate 
its necessary attributes to support interacting with the user and application.  

� Printer 
The main functionality of a printer is to print the data specified by the 
application. To set up a print job, the application must specify two things: 
print data and processing instructions [JiniPrint 2000]. The print data is the 
actual content to be printed; this may take the form of a text file, a PostScript 
page description, an HTML page, a JPEG image, and so on. The processing 
instructions tell the printer what media to use, how many copies to print, 
whether to print on one or both sides of a sheet, whether to staple each copy, 
and so on. It can carry out operations such as to create a print job; to cancel a 
print job, to print data, etc.  
Printer attributes include printer description attributes such as printer 
resolution, printer name, printer state, printer state reason, etc., print data and 
its processing instructions description attributes. The latter attributes are 
used to describe printing capabilities of a printer. Based on such information, 
an application can select a printer which meets its requirements.  
While initiating a print operation, the application should send the print data 
to the printer. The attribute dataSink indicates the address to which print data 

ComputerPeripheral 

 

Printer 

 
• dataSink : NexusMediaDataLocationAttributeType 
• docFormatSupported : NexsuListType  
• printerResolution : NexusStringType  
• compressionSupported : NexusListType 
• sidesSupported : NexusListType 
• orientationSupported : NexusListType 
• copiesSupported : NexusListType 
• printPrioritySupported : NexusListType  
• …… 

LaserPrinter 

 

InkjetPrinter 

 

ColorPrinter 

 

Scanner 

• dataTransfer : NexusMediaDataTransferMannerType 
• dataSource : NexusMediaDataLocationAttributeType 
• sourceTypeSupported : NexusListType  
• resultFormatSupported : NexusListType  
• imageResolutionSupported : NexusListType 
• colorTypeSupported : NexusListType 
• bitDepthSupported  : NexusListType 
• colorSpaceSupported : NexusListType 
• compressionSupported : NexusListType 
• …… 

…… 
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should be sent and indicates the protocol used to transfer data between the 
application and the printer. 
Attributes docFormatSupported and docCompressionSupported describe 
print data. docFormatSupported indicates a list of supported MIME types of 
document. The application should choose a document format and let the 
printer know how to interpret the sequence of bytes that are received from 
the application. docCompressionSupported indicates the document 
compressions supported by the printer, i.e. whether the printer supports to 
print a compressed document.  
Attributes sidesSupported, copiesSupported and orientationSupported etc. 
are associated with the print data. It describes how the print data will be 
printed. The application can print the same print data using different 
processing instructions. It can also use the same processing instructions to 
print different data.   
Attribute serviceDescription describes operations processed by the printer 
and its needed arguments. The value of arguments associated with the print 
data and the processing instructions are dependent on such printer attributes.  
Subclass ColorPrinter supplies the user or the application a choice of 
LaserPrinter and InkjetPrinter. If the user or the application searches for 
ColorPrinter, a set of LaserPrinter and InkjetPrinter which supports color 
printing will be returned. 

� Scanner 
Scanner processes a scan operation initiated by the application and sends 
images that represent the document in the scanner. It includes scanner 
description attributes, scan data description attributes, etc. 
The user or the application can get the result of scanning through either push 
or pull manner. In push manner, scanner behaves as a server to send images 
to the indicated address of the user or application. In pull manner, user can 
get an address of the images using an indicated transfer protocol. This 
information is contained in the attributes dataTransfer and dataSource.   
The attribute sourceTypeSupported identifies the supported types of image 
to be scanned. It could be Photo, Text or Graphics. resultFormatSupported 
indicates the formats of the image to be returned. resultResolutionSupported 
specifies the resolution of the returned image in pixels per inch. The 
attributes such as colorTypeSupported, bitDepthSupported, 
colorSpaceSupported etc. are used to describe the basic shape of the pixels 
of the returned image. Such attributes describe the scanning characteristics 
of a scanner. The application can control a scanner by invoking operations 
offered by the scanner such as start scan, cancel scan, etc.  
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6.2.3.5. MediaDevice 

 

 

 

 

 

Figure 6-5: the MediaDevice type hierarchy 

MediaDevice includes devices for processing media data i.e. audio, video and 
images. Media data refers to any data that changes meaningfully with respect to time and 
it can be characterized as a time-based media. Audio chips, MIDI sequences, movie 
chips, and animations are some of the common forms of time-based media. Such media 
data can be obtained from a variety of sources, such as local or network files, cameras, 
microphones, and live broadcasts [JMF 2.0].   

According to media data types, MediaDevice is partitioned into subclasses: 
AudioDevice, ImageDevice and VideoDevice.  

Its subclass is identified by its media data. The main functionality of every subclass is 
either to capture media data for user and application or to process media data received 
from user and application. For such purposes each subclass should specify its supported 
media formats.  

6.2.3.6. AudioDevice 

 

 

 

 

 

Figure 6-6: the AudioDevice type hierarchy 
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AudioDevice is characterized by its processed audio data. The attribute 
audioFormatSupported indicates audio data formats supported by the AudioDevice. The 
audio format is usually identified by MIME types. Some AudioDevice objects may 
support wide variety of audio formats including mpeg, basic, L16, etc.  AudioDevice 
includes audio capture devices i.e. InputAudioDevice such as microphone and audio 
present devices i.e. OutputAudioDevice such as a speaker.  

� Microphone 

A microphone captures audio data and continuously provides a audio stream. 
Attributes dataTransfer and dataSource specify the data transfer manner, 
address of the audio data and data transfer protocol. 

� Speaker 
Speaker presents audio data received from media data source such as local or 
network files, and capture devices such as microphones. Such devices are 
the most common destinations for audio data output. An output destination 
for audio data is sometimes referred to as a data sink. The user or an 
application can create a connection to the speaker using the indicated 
address and data transfer protocol which are specified in the attribute 
dataSink. 
Sound is a particular attribute of a Speaker. An application can adjust sound 
(increment or decrement volume), set tone (treble and bass), set spatial 
balance (left-to-right, front-to-rear). The attributes maxSound, minSound 
describes the maximal and minimal sound of the AudioDevice.  

6.2.3.7. VideoDevice 

 

 

 

 

 

 

 

 

 

 

Figure 6-7: the VideoDevice type hierarchy 
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VideoDevice is characterized by its processed video data. The attribute 
videoFormatSupported indicates video data formats supported by the VideoDevice. The 
video format is usually identified by MIME types. VideoDevice includes video capture 
devices i.e. objects of types InputVideoDevice such as a camera and video present 
devices i.e. objects of types OutputVideoDevice such as a television, a monitor, etc. 

� VideoCamera 
VideoCamera delivers audio and video data. A combination of audio and 
video data can be realized by combining media data captured by objects of 
type  Camera and InputAudioDevice.   

� Television 
Television is a video present device. User or application can send video data 
to the indicated address using indicated transfer protocol. The attributes 
screenResolution, screenBrightness, etc. specifies characteristics of the 
television.  

6.2.3.8. ImageDevice 

 

 

 

 

 

 

 

Figure 6-8: the ImageDevice type hierarchy 

Usage of ImageDevice objects is to capture and present still images. Its attribute 
imageFormatSupported and imageResolutionSupported indicates formats and allowed 
resolutions of image supported by the ImageDevice. The image format is usually 
identified by MIME types.   

IntelliBoard, Beamer present image data. The Camera captures image data and can send 
it to the application. The Nexus application can use the Camera to capture environment 
information or identify a person.   
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6.2.3.9. CommunicationDevice 

 

 

 

 

 

 

 

 

Figure 6-9: the CommunicationDevice type hierarchy 

CommunicationDevice objects are used to support user and applications to 
communicate with each other.  

6.2.3.10. SpatialApplication 

 

 

 

 

 

Figure 6-10: the SpatialApplication type hierarchy 

SpatialApplication is superclass of applications that are limited in a certain spatial area 
und its functionalities are combined with some devices. They use services offered by the 
devices and provide complex services to the Nexus user or the Nexus application. 

6.2.3.11. VideoConferenceEndPoint 

VideoconferenceEndPoint is such an application which can support user to 
communicate with each other by using appropriate video and audio devices. For this 
purpose, it needs to capture and present devices of audio and video. To use this 
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 • telephoneNumber : NexusStringType 
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• funkrange : NexusFloatType 
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• inputAudioDevice : NexusObjectLocatorType 
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• outputAudioDevice : NexusObjectLocatorType 
• outputVideoDevice : NexusObjectLocatorType 

EverywhereDisplayControl 

• outputImageDevice : NexusObjectLocatorType 
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application, the user should first download it into his PDA or notebook and then assign 
found video and audio devices to the application. 

The attributes inputAudioDevice, inputVideoDevice, outputAudioDevice and 
outputVideoDevice specify which audio and video devices are used by the application.  

For example, VideoconferenceEndPoint receives audio and video data captured by a 
VideoCamera located in the smart room and uses a computer monitor and speaker to 
present the video and audio data.  

6.2.3.12. EverywhereDisplayControl 

EverywhereDisplayControl is a software tool which can support the user to 
control a MovingBeamer which is located in the smart room for presenting information 
on an arbitrary surface of the room. Through the attribute outputImageDevice the 
MovingBeamer is identified.  
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Chapter 7 Finder Application 

7.1. Finder 
The Finder application is a component that is designed to help a Nexus application find 
available Nexus service objects located in a certain area. For example, when a user comes 
just into a smart room, Finder can show the user what available service objects are in the 
smart room such as IntelliBoard, Camera, Microphone, etc. The user can select some 
service objects of interest and contact them.   

Implementation of the Finder application follows the service architecture described in 
section 5.1. Nexus application finds service object through Nexus model and externally 
calls the functions of the service object.  

7.1.1. Specification 

7.1.1.1. Search Category 

Nexus service object is associated with spatial information. Query for a Nexus service 
object needs at first the spatial information which limits the query.  

The service query is based on the location of the Nexus service object. Only service 
objects which meet the spatial condition will be returned. Spatial conditions can be given 
in two ways. In one of them, the user can specify an area such as a room in a building or 
a square in a city. The other is that an area is examined based on the user position which 
is determined dynamically by the embedded location system such as an infrared based 
active badge system. It can be a scope at a distance of 5 meter from the user position. The 
result of the query is that the service objects are available nearby to the user. In addition 
to the spatial information the query can consist of name, type of service object and its 
other possible attributes given by the user.  

7.1.1.2. Search Process 

Queries for Nexus objects are expressed in a query-language (AWQL). AWQL 
(Augmented World Query Language) is a XML schema and is designed to support 
selecting certain objects of a model and specifying certain parts of the objects. It supports 
spatial predicates (overlaps, inside) and data manipulation (insert, delete, update). 
Queries are processed by the Nexus Federation Component which analyzes an 
application query and determines the context server that could answer the query, and 
distributes the query to these servers. The results of these queries are a set of Nexus 
objects that match the conditions described by those query and in form of AWML. 
AWML (Augmented World Model Language) is used to represent Nexus objects. It is a 
XML schema, too.  
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To search Nexus service objects, the Finder communicates direct with the Nexus 
Platform by sending queries in AWQL and receiving queries results in AWML. The 
Finder should create queries in AWQL and send them to Nexus Platform, receive AWML 
and create a service object with attributes and return them as query results.  

7.1.2. Design 

According to the specification described in the above section there are two primary 
components to be designed: one is the Finder, whose main functionality is to carry out 
service query, the other is the Test User Interface, which interacts with user and invokes 
the functionalities of the Finder. To implement the two components it uses Java as 
program language. The developing environment is Eclipse 3.0. 

Through Test User Interface user can search for some service objects of interest and 
invoke its functions. The service query is carried out by the Finder. Implementation of the 
Test User Interface is introduced in section 7.2.   

The Finder supplies functions interface to the Test User Interface. It carries out service 
query based on the service area. To process a search query it generates an AWQL 
document and sends it to Nexus context server. As result an AWML document is 
returned. To retrieve the attribute data of the service object it need a parser to process this 
AWML document.  

The Finder design is showed in the following Figure 7-1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-1: Finder Design 
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7.1.3. Implementation  

� Examining Search Area 
To search for the Nexus service objects, it needs first to specify a query area 
inside which some service objects might be located.  There are two ways 
designed to examine a query area: 

Search area based on the user position 
Position of mobile user can be determined dynamically by the embedded 
location system in his mobile equipment.  
To examine position of the user a SensorClass ClientSensorAdapter which 
runs on the side of user and fetches the position from a deamon providing 
position-data is used.  
ClientSensorAdapter clientSensor = new ClientSensorAdapter(deamonHost,  
     deamonPort); 
PositionContainer posContainer = clientSensor.queryPosition(); 
String pos = posContainer.getPosition();  
 
Based on this position a search area such as a geometry can be examined. 
CPointFactory cPointFactory = new CPointFactory(); 
CPoint cPoint = cPointFactory.create_from_WKSPoint(coordsys, point); 
searchArea = cPoint.buffer(distanceFromUser); 
 

Search area specified by the user or an application  
The Nexus service object is limited in a certain spatial area. The spatial area 
could be specified by the user or an application by identifying its name.  
To get any search area of a spatial object a AWQL is sent to the context 
server.  
 
<awql> 

  <restriction>   
    <and> 
        <equal> 
   <attr name="type"/> 
              <nexusdata> <Table>SpatialObject</Table></nexusdata> 
        </equal> 
            <equal> 

<attr name="name"/>              
<nexusdata><Table>...nameOfSpatialObject...</Table></nexusd
ata> 

        </equal> 
    </and>     
         </restriction> 
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            <filter>  
                    <includes>  
                          <attr name="extent"/> 
                </includes>  
                <excludeallother/>  
             </filter> 

                     </awql> 

� Searching Service Objects 
Spatial characteristics of service object are described by its attributes “pos” 
and “extent”. Service objects whose positions are inside the search area or 
whose extent overlap with the search area can be found through the Finder. 
Searching of service object is carried out in AWQL. The Finder sends this 
AWQL to context server and receives a AWML as a search result.  
<awql> 
  <restriction> 
    <or> 
      <and> 

  <equal> 
     <attr name="type"/> 

<nexusdata><Table>ServiceObject</Table></nexusdata> 
  </equal> 

        <inside> 
         <attr name="pos"/> 
           <nexusdata><WKT>... search area ... </WKT></nexusdata> 
        </inside> 
      </and> 
      <and> 

  <equal> 
     <attr name="type"/> 

<nexusdata><Table>ServiceObject</Table></nexusdata> 
  </equal> 
  <overlaps> 

            <attr name="extent"/> 
   <nexusdata><WKT>... search area ... </WKT></nexusdata>  
  </overlaps> 
</and> 

    </or> 
  </restriction> 
</awql> 

� Processing Search Result 
The Finder receives an AWML document in which service objects matching 
the search categories are contained. The descriptions are expressed in XML. 
An object model can be generated from a corresponding XML-File. Also, 
the XML representation can be accessed by the object model.  
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This object model is designed by Johannes Enge ([Enge 2003]) in Java. It 
uses Class ResultSetFactory to process this AWML document. Class 
ResultSet which contains a set of GenericObject is generated by 
ResultSetFactory. Nexus Service Object is represented by Class 
GenericObject which stores its attributes and corresponding values. 
Augmented World Schema is used to check the validate of  the data type of 
attribute value.  

7.2. Test-Application for Finder 
A Test-Application for Finder  i.e. Test User Interface is designed to support user to find 
service objects through the Finder and invoke the services offered by the service objects.  

7.2.1.1. Test User Interface 

In the Test User Interface the search area of the Finder is determined. By starting Finder 
service objects which are located inside the search area are shown in the Test User 
Interface. For each service object selected by the user a new window is opened and 
through it the selected object can be invoked. Combination of service objects is then 
supported in such manner.  

 

 

 

 

 

 

 

 

 

Figure 7-2: Test User Interface 

7.3. Proof of Concept 
To test the functionalities of the Finder two service objects namely camera and 
microphone are created. Their sample data according to the Nexus Service Model are 
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stored in the Nexus context server. Through a test user interface the combination of audio 
and video data to form a video conference is displayed.  

7.3.1. Service Example 

Data of the two selected service objects are contained in the AWML document. It 
consists of values of mandatory attributes such as type, pos, extent and optional attributes 
such as name, etc. To support a user or an application to obtain the media data captured 
by a camera and a microphone media data format, data location and its transfer protocol 
are also supplied. In this example, the two service objects store the media data at a web 
server. Delivery of the media data is completed through HTTP. Because audio and video 
data are continuously transmitted, protocol such as RTP (Real-Time Transport Protocol) 
can also be used.    

 

 

 

 

 

 

 

 

 

 

 

 

7.3.2. Test Instance  

Test scenario is to form a video conference whose media data is provided separately by a 
camera and a microphone. It is assumed that the informatik building is used as a search 
area. Actually it could make use of all spatial objects of Nexus class BuildingObject as 
search area. The user or the application specify a spatial object by giving its name or type, 
the Finder sends query to the Nexus Platform to find service objects inside such objects.  

In this example scenario two Nexus service objects as a search result are returned. 
Receiving and playing data from camera and microphone are processed in separate 

<awml> 
   <nexusobject> 
      <type>Camera</type> 
      …… 
      <videoFormat>mpeg</imageFormat> 
      <dataSink> 
         <dataLocation>http://w3studi.informatik.uni-stuttgart.de/~zhangye/camera.mpeg<dataLocation> 
         <dataTransferProtocol>http<dataTransferProtocol> 
      </dataSink> 
   </nexusobject><nexusobject> 
      <type>Microphone</type> 
      …… 
      <audioFormat>au</audioFormat> 
      <dataSink> 
         <dataLocation>http://w3studi.informatik.uni-tuttgart.de/~zhangye/microphone.au<dataLocation> 
         <dataTransferProtocol>http<dataTransferProtocol> 
      </dataSink> 
   </nexusobject> 
</awml> 
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manner. To play audio data from an application it uses the Java Sound engine in JDK 1.2. 
To play video data it uses the Java Media Framework (JMF). Java Media Framework 
(JMF) is used to develop the browser-based Web conferencing application. The JMF API 
specifies a simple, unified architecture to synchronize and control audio, video, and other 
time-based data within Java applications and applets.  

In the process of media data transmission camera and microphone that runs at a web 
server, they capture audio and video data continuously and save it locally in a file. 
Applications which want to get the media data use perfecting capabilities to play clips 
from the server in a continuous manner. In this test scenario we use standard HTTP 
server to deliver media files. The application as a client creates a connection with the 
server and makes a request (HTTP) to the server for the media files, the file eventually 
gets stored in the client’s memory buffer. The playback is allowed before the entire file 
gets downloaded.  

 

 

 

 

 

 

 

 

 

 

Figure 7-3: Test Instance 
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Chapter 8 Summary 

8.1. Summary 
In this thesis the Nexus Service Model was created by extending the Augmented World 
Model for smart room environment. It began with introducing the Nexus project: its 
intention and solution. To supply spatial information to context-aware applications the 
Nexus project designed a global object-based data model: the Augmented World Model.  

Then the requirements for the extension were elicited from the usage scenarios. 
According to the requirements objects to be included in the new model and its attributes 
were generated.  

To validate whether the Service Model satisfies the requirements from the application or 
not, an example data of service objects were collected and stored in the context server. 
Then a Finder application to support a user and an application to find the service objects 
was implemented as a proof of concept. Through a test user interface a combination of 
audio and video data offered separately by the camera and microphone was realized.    

8.2.  Evaluation 
The Nexus Service Model that has been developed in this thesis aims to model objects 
which are able to provide specific, location-based services to mobile user or context-
aware applications. The objects in this model include intelligent devices and applications 
which are bound to devices to provide its particular services. It intends to support 
developing applications in the field of ubiquitous computing, e.g. a mobile user can 
dynamically find service objects and interact with them.  

This Service Model is based on the Augmented World Model and extends it. Inheritance 
relations between service objects ensures its easy extendibility. Establish of this model 
makes use of generalization and specification. This characteristic benefits query for 
certain common or specific service object. This Service Model supports flexible 
invocation of the service object. It stores corresponding information about how to access 
the service object. Application or user could select any service object whose access 
requirements they can meet. The model can support user or application to invoke services 
offered by UPnP devices.  

This Service Model mediates interaction between Nexus application or user and Nexus 
service object. Service provider creates its service according to this Service Model and 
stores it on the Nexus Context Server. Nexus application or user finds service object and 
interacts with it based on the data collected according to this Service Model.   

In comparison with the Jini infrastructure for service register, discovery and invocation   
and the UPnP network architecture for dynamically announcing, finding and invoking a 
service,  the Nexus Service Model provides application or user which want to invoke a 
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service a common model of service objects.  A common data model and Nexus 
infrastructure can construct a dynamical network of service providing and invoking, too. 
The key advantage, which differs from the Jini and UPnP, is that the Nexus Service 
Model supports to develop context-aware applications. The Nexus Service Object is a 
spatial object, which can be used by the context-aware applications to control, present or 
change the real world.  

8.3. Future Work 
This Service Model focused on describing services offered by the service object and its 
access information. It does not consider security issues while invoking services. Request 
from a user or an application to invoke services can be carried out only if the user has 
sufficient access right for that invocation. Such information about user authorizations and 
permissions should be contained in the Service Model.  

Storing multimedia stream in the Nexus Context Server to support its presenting is a 
future research.  Multimedia streams are characterized by their timely delivery and 
processing. Not only stream data but also its time sequence should be described.   

Integrated invocation of a service object is to be implemented in the future. Update of 
service data can be sent in an AWQL document with update element to the Nexus 
Platform. The Platform could make use of a control system, for example, infrared remote 
control system to carry out the update request. Communication i.e. data exchange 
between the Platform and the control system plays here an important role. Local 
execution of spatial application on the client side is to be implemented, too. When a 
spatial application is downloaded, it needs bind to some service objects such as devices 
and invoke their services to provide user or application its own services.   

Through Finder service objects can be found, but a dynamical binding with service 
objects needs to be implemented. For this purpose a Framework that invokes Finder to 
search for services and binds application to the found service objects is to be 
implemented.  

An UPnP device cannot direct be used by the Nexus user or application. To support its 
invocation from Nexus it needs an automatic generator, which builds service data of an 
UPnP device and makes it become a Nexus Service Object.  
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Glossary 
AWML: Augmented World Modeling Language 

AWQL:  Augmented World Query Language 

Jini:   Java Intelligent Network Infrastructure 

NOL:   Nexus Object Locator 

NSAS:  Nexus Standard Attribute Schema 

NSAT:  Nexus Standard Attribute Types 

NSCS:  Nexus Standard Class Schema 

SOAP:  Simple Object Access Protocol 

UDDI:  Universal Description, Discovery and Integration 

UPnP:  Universal Plug and Play 

WSDL:  Web Services Description Language 
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