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Abstract: There is a growing research effort being invested in producing tools for multimedia content analysis and annotation as well as the infrastructure for Web-based access to the generated semantic data. With the Semantic Web as a Web-based infrastructure for the representation and distribution of domain knowledge, we will need new systems that can combine both domain knowledge and media semantics to provide intelligent multimedia-based services. This paper presents a framework for such systems, titled SWeMPS (Semantic Web-enabled Multimedia Presentation Service).  
1 Introduction

The vision of the Semantic Web is that the Web of content may evolve into a Web of knowledge, where data is expressed using knowledge representation techniques developed in the AI community. This is envisioned as the basis for a new paradigm of Web-based services which are intelligent, dynamic, flexible and user-centred. Likewise, annotations of digital media using knowledge representation techniques are proposed as a means to improve multimedia retrieval accuracy, automate the multimedia generation process, support media adaptation and introduce personalization, location-based services and so on.  
This paper proposes the combined leverage of Web-based domain knowledge and media semantics to realize a multimedia system in which user information needs are interpreted at a conceptual level, and multimedia is used to communicate the information response in terms of the system’s conceptual understanding. The following chapter gives a brief overview of the growth of interest in knowledge-based multimedia systems in the research community, and mentions previous work. Chapter 3 then introduces the SWeMPS framework, pointing to its integration of knowledge, semantics and media. Chapter 4 illustrates the approach being realized in this framework through an example of an intelligent tourism application. Finally I conclude this paper with an assessment of my proposal and outline future work to be done.   

2 Background and state of the art
Beginning in the mid 1980’s, motivated by the growing multimedia capabilities of computers and the need to make the production of multimedia presentations easier, research work began on developing so-called intelligent multimedia presentation systems (IMMP) [see Ma94]. They extended the notion of multimedia presentation with techniques from the AI community such as knowledge bases, planning and user modelling. A lack of a common framework for IMMP development led to a community initiative to produce a Standard Reference Model [Bo97] and to define work on IMMP systems in these terms. In the model, an intelligent multimedia presentation system (IMMPS) is defined as a system “able to make appropriate design decisions based on presentation and contextual knowledge, and to manage the various interdependencies between choices”. As a reference model, there is no specification of how knowledge is represented or queried in an implementation.  
Subsequent implementations [WM97, OS98] relied on simple, non-interoperable, internal knowledge models. The first work on incorporating Semantic Web approaches (RDF and ontologies) with IMMP systems was applied to the Cuypers prototype system [Va00]. 
In one work, semantic relations between concepts (expressed in RDF/Dublin Core) are mapped to spatio-temporal relations between the media representing those concepts [LGH02]. In another, a two-step ontology-based approach is proposed for determining media presentation [Ge03].  Common to these approaches is the restriction of the knowledge used to that which is specified at execution and the lack of acquisition of knowledge distributed on the Web to extend the operational possibilities. 
A more similar approach to mine is found in the CHIME project [Ch03]. They also propose a modular Semantic Web-based Adaptive Hypermedia architecture, with a focus on modularity and component interoperability. However the work is focusing on the user modelling in order to share user profiles and adapt hypermedia presentations to user knowledge and preferences, while SWeMPS is intended as a general framework for Semantic Web-based knowledge acquisition and multimedia presentation. 
3 The SWeMPS framework
The SWeMPS framework is shown in Fig 1.
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Figure 1. Framework for the Semantic Web-enabled Multimedia Presentation Service
The conceptual space defines the operational knowledge for multimedia generation tasks in terms of an upper level ontology. This abstracts the application and domain specifics from the system logic. The multimedia model is an abstract representation of the multimedia presentation being built by the process.
The framework supposes that data and services to be used in the multimedia generation process are external to the system, and potentially distributed across the Web. The resource space represents the content specified to the system by the conceptual space for use in the production of the multimedia presentation. The service space represents the provision of additional task-specific functionalities through Web Services to the application to resolve process needs such as knowledge acquisition and mapping, or content retrieval and adaptation.

The application uses components to interface between it and these constructs. A reasoner interacts with the conceptual space, extracting knowledge from it as well as making new inferences from acquired knowledge. This interaction is focused on fulfilling information needs through knowledge on the Semantic Web. A service planner is tasked with selecting appropriate services in response to application need, invoking the service and returning the response. Services act as mediators in the framework, resolving ontology mismatches (by providing mapping services) as well as retrieving content (from databases, documents, repositories) and adapting it for presentation (e.g. format conversion or compression). This aspect fits with Semantic Web Services and provides for dynamic functional extensions to react to the inherit heterogeneity and non-determinability of the Web. Finally, a modeller component handles the formation of the multimedia model, determining the presentation of media according to the system knowledge of the concepts represented by that media, and resolving presentation constraints and conflicts. 
The system logic is a rule set executed by a rules engine, providing the flexibility of expressing the multimedia generation process separately from application level specifics such as the APIs for interaction with the components. The rule set is intended to be stable, as the individual multimedia generation tasks are determined by the rule-based interpretation of the knowledge in the conceptual space.  A rules-based approach includes the resolution of multiple execution paths, backtracking where a non-valid result is achieved. This fits well with the task of multimedia generation where automated media selection and organization often results in an invalid presentation and multiple possibilities must be tried until a “best fit” is found (i.e. respecting as much as possible all presentation rules and constraints). 
4 An intelligent tourism scenario

To illustrate how this framework forms the basis of intelligent multimedia-based systems I outline the realisation of a tourism scenario through Web-based knowledge and content, and the reasoning and decision-making capabilities of the SWeMPS framework.  

An application is realised by instantiating the SWeMPS upper level ontology to create a knowledge base specific to a certain scenario. This knowledge base, called “conceptual space” in the SWeMPS framework, defines the concepts known to the system, the resources which represent or describe those concepts (i.e. references to content and knowledge), and services which are required for handling these resources. In this case, I utilise Web-based content and knowledge to build a location-based tourist information application.

As knowledge, I use RDF describing the restaurants in a city, including their menus, price, opening times, and location. This will be expressed in terms of ontologies for tourism, food, time and mapping. Additional knowledge is provided through RDF for the public transportation network of the city. As content, I consider a map server which can provide images of a portion of city map and a gastronomy database containing annotated images of the restaurants. As services, I require some means to map between ontologies used by the different knowledge providers and a means for retrieval of the content from the map server, database and media repository.  

An information query can be expressed to the application (“SHOW open restaurants close to my location costing less than €30 for a meal”). The knowledge is reasoned upon, determining the restaurants that best match the query (by using ontology rules to match opening times to current time, measure location from the user’s location, and calculate the average meal price from the menu). The knowledge is also extended by inferring for each restaurant the route by public transportation to it from the user’s location. A location ontology mismatch between the restaurant RDF and the public transport RDF is resolved through a mapping service. Services are also used to retrieve relevant media from the content sources using system knowledge, e.g. user location is passed to the map server to return a map segment, and media annotations, e.g. to retrieve restaurant images from the database. The modeller makes the decisions about the media presentation based on application-specific rules referring to the knowledge such as “for a Restaurant, place Image(Restaurant) at Location(Restaurant).X, Location(Restaurant).Y”. In other words, place the image of the restaurant on the map at the location given in the restaurant’s concept in the knowledge base. Other rules define the display of the public transportation route from the user’s location to the restaurant. Conflicts are also resolved in the modeller, such as when two images are too close and overlap. 
It is recognised that at present such content and knowledge is not readily available online using Semantic Web technologies and media annotation, though such scenarios serve to indicate the added value if it was. The sample scenario will be realised with a small set of test data, and scaled later to a larger data set as would be typical on the Web. The possibilities of further reasoning with knowledge to enable additional functionalities can also be explored, e.g. adding food preferences to the query to sort restaurants according to user’s taste, or retrieving media from a tourist information database to indicate sights in the vicinity of the restaurants.  
5 Conclusions and future work

While this work builds upon a previous prototype I developed in my research, which used XML and Topic Maps [Ni03], it is starting anew, with a logic-based (RDF/OWL) paradigm. In implementing the initial proof of concept, a challenge is the selection and use of suitable standards, tools and APIs. Semantic Web tools, Semantic Web Service platforms and multimedia modelling approaches will be critically examined. Subsequently, convincing multimedia presentation scenarios such as that given in this paper can be realised, with the intention of demonstrating the benefits of leveraging the up-and-coming Web of knowledge for a next generation of multimedia systems. 
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