( 





Intelligent multimedia adaptation for �Universal Multimedia Access


Dimitris Kanellopoulos* 


Abstract-- Current end-user devices are in general not able to display all kind of multimedia data. However, this does not conform to the vision of Universal Multimedia Access (UMA). Server side resource adaptation can solve some of the problems caused by content’s heterogeneity, as the multimedia resources are transformed sufficiently such that they fit the consumer’s preferences and usage environment before they are sent to client. MPEG-21 is the ISO/IEC standard that defines a normative open framework for multimedia delivery and consumption concerning all parties in the delivery and consumption chain. However, the implementation of an intelligent adaptation engine (AE) capable of determining the required transformations is intentionally left to the tool vendors. This paper considers how Semantic Web Services technology can be used as a tool for declaratively describing the semantics of adaptation services and constructing multi-step adaptation sequences in an open and extensible multimedia adaptation framework. 
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INTRODUCTION


Nowadays, a large number of different end-user devices are connected to the Internet. Internet services are used by notebooks, desktop PCs, workstation, set-top boxes, TV sets, but also by mobile devices such as PDAs, cell phones, and hand held devices. All those devices feature different capabilities in terms of computational power, memory size, display size, or network capabilities. Displaying regular web content on these devices is a task of manageable complexity. However, rendering multimedia content in such an environment remains challenging because the content available on the multimedia server can be heterogeneous, e.g., in terms of encoding. For example, a video can be encoded in different formats such as MPEG-1, -2, -4, H264, or WMV, using different encoder settings such as spatial and temporal resolution, color depth, or bit rate. Because of this heterogeneity, current end-user devices cannot display all kind of multimedia data. Nevertheless, this is not conventional to the vision of Universal Multimedia Access (UMA) [1], where any user (correspondingly, device) can consume any multimedia content, anytime and anywhere. 


MPEG-21 is the ISO/IEC standard aims to address these new challenges by defining an open framework for multimedia delivery and consumption involving all parties in the delivery and consumption chain. A main part of these standardization efforts deals with the definition of an interoperable framework for digital item adaptation (DIA) [2]. Server-side resource adaptation can solve several problems caused by the above-mentioned heterogeneity: to maximize the user experience of the end-consumer, the given multimedia resources are transformed adequately such that they fit the consumer’s preferences and usage environment before they are sent to the client. The MPEG-21 DIA framework includes mechanisms for describing the adaptation problem in a vendor-independent, interoperable way and defines description schemes for capturing terminal capabilities, user preferences, or the format of the given resource itself. However, the implementation of an intelligent adaptation engine (AE) capable of determining the required transformations is intentionally left to the tool vendors. This means that tool vendors have to implement their own AEs that ‘understand’ the given consumer requirements and try to discover somehow what kind of adaptations are required to satisfy these requirements. When designing such a module, the main challenge is that it has to be very flexible with respect to extensibility: when a new adaptation operation has to be integrated in the server, the logic of the AE must be adapted accordingly. Also, if we look at new standards like MPEG-7, extensibility with respect to external transformation tools will turn into a key problem. 


In this paper, we present: (a) how the semantics of adaptation operations can be captured in the form of input, output, precondition, and effects, and (b) how the problem of finding adequate adaptation sequences can be viewed as an Artificial Intelligence planning problem. We demonstrate how the existing MPEG standards are technically integrated into the service descriptions and how they serve as the shared ontology of the domain. Our approach introduces declarative, knowledge-based technology into the involved multimedia communities, and broadens the application scope of Semantic Web Service technology in the area of semantic service descriptions and automated program construction.


towards a digital item adaptation 


An intelligent adaptation server has to be provided with no less than two different pieces of information so as to be able to adapt a multimedia resource sufficiently upon a client request.


The user’s constraints (terminal capabilities, network bandwidth, or even content preferences) have to be known. 


There has to be information about the requested resource. For example, information about the actual encoding format to determine which sort of adaptations are required or possible.


The ISO MPEG consortium addresses these two aspects. Multimedia resources are annotated with the help of MPEG-7 metadata documents. For example, multimedia documents contain information about the format but can also contain semantic information about the contents. Besides, Part 7 of the new MPEG-21 standard—DIA—is providing tools for expressing additional information required for flexible resource adaptation. Especially, it defines normative description schemes for specifying the client’s preferences or the ‘‘usage environment’’. However, MPEG-21 DIA does not specify how a multimedia adaptation server really determines and performs the required transformations and leaves this job up to the tool vendors. As such, there is only restricted support for interoperability in situations, where multiple (subsequent) transformations must be performed on the original resource to meet the consumer’s needs. This limitation is too restricting, since specialized adaptation tools will be available on the market. Therefore, our proposal is to extend MPEG-21 DIA with a mechanism that provides such interoperability between third-party tools. For such a mechanism, we identified the following two requirements: 


We need a representation mechanism for describing arbitrary tool capabilities (i.e., the semantics of performing an adaptation operation) in a precise form, such that automatic construction of adaptation chains becomes possible.


We need to find an approach that also allows us to actually invoke the tools and algorithms in a standardized form once the adaptation sequence is determined. Finally, the mechanism has to be fully integrated into the MPEG-21 framework for open multimedia delivery and consumption.


‘‘Planning’’ adaptation sequences


We propose adopting a declarative, knowledge-based approach. Knowledge-based systems are already well-established in different domains because of their specific advantages: When using such systems, the needed domain knowledge can be expressed in a declarative form in contrast to a procedural representation, where factual knowledge is in many cases intertwined with the processing logic. Furthermore, the semantics of the used languages for expressing the domain knowledge is formally defined in a no ambiguous and well-understood manner (e.g., in form of some variant of First Order Logic). Finally, the clear separation of domain-knowledge and inference knowledge allows us to build easy-to-maintain knowledge bases and to use highly optimized and domain independent reasoning engines that flexibly process the contents of the underlying knowledge base.


In our particular problem setting, we view the problem of constructing adequate adaptation sequences as a classical ‘‘state-space planning problem’’ [3]. Such a planning problem is defined in a general, domain independent manner: The inputs to the algorithm are declarative descriptions of the actual situation (the start state) and the desired situation (the goal state). In AI-planning approaches, these basic descriptions are defined in the form of simple logical facts. Furthermore, a planning problem also comprises a set of world-altering actions, which are provided to the system. Each action is annotated with a set of: (a) preconditions that have to hold when the action should be applied, (b) a list of effects when applying the action, and (c) the list of inputs and outputs (parameters) of the action when it is embedded in an action sequence. Again, this knowledge can be expressed in a modular way using a standard logic language. Specified this knowledge, the planning problem consists of finding a valid sequence of parameterized actions that bring us from the start state to the goal state. The main advantage of such a general problem-solving approach is that the needed reasoning engine can be implemented in a fully domain-independent manner, i.e., the engine operates solely on arbitrary symbols and does not have to have knowledge about the domain-specific semantic meaning of the actions. Recently, significant advances have been made in the corresponding research fields [4], where highly sophisticated planning algorithms have been developed, such that complex, real-world planning problems can now be efficiently solved. If we map the problem of finding adaptation sequences in a multimedia sever to such a planning problem, the following correspondences can be found:


The original multimedia resource can be seen as the start state, e.g., the given resolution of the resource.


The goal state corresponds to the client’s user constraints, e.g., the maximum resolution the user’s device supports.


The set of transformations the multimedia server can perform finally corresponds to the actions that alter the state of the resource.





The main advantages of this knowledge-based method are quite clear. The approach features a comprehensible mechanism to describe atomic actions, which in turn also results in modular and easy-to-maintain knowledge bases. Furthermore, adaptation servers that are developed in that way are robust against changes, i.e., the reasoning algorithm does not have to be changed once there are new adaptation tools available or when the standards evolve and new symbols are used to describe the resource or the usage environment descriptions. Concerning the expressiveness of a (Inputs, Outputs, Preconditions, and Effects) IOPE-style approach of describing tool capabilities, for our purposes we do not require to describe the full functionality of external applications or tools in terms of inputs and outputs but can limit ourselves to the transformation functions. If we look at such functions at a certain abstraction level, all of them share a common structure, viz. they accept input files of certain formats together with some (optional) parameters and produce output files (or streams) containing the modified content. Exactly these descriptions of content and format of the input and output files are standardized in the MPEG-standards, both with respect to the declarative, XML-based representation format as well as with respect to the vocabulary to be used. For non-standard cases, the description schemes in the MPEG framework also comprise mechanisms for incorporating application-specific extensions and for using non-standardized terms and annotations. Such non-standardized extensions are also supported in our approach, given the nature of declarative knowledge representation and the fact that the planning algorithm works on general symbols, which can also carry domain-specific information. The final advantage of the knowledge-based approach lies in the fact that we can rely on highly optimized and complete planning algorithms that guarantee that a solution will be found if one exists and that we can optimize the produced plans according to different criteria.


Semantic tool descriptions 


Semantic Web resources can be searched intelligently by content and not only by keywords. These resources can also be accessed and processed automatically by software agents. The first major milestone in the Semantic Web was reached by the development of OWL (Web Ontology Language) [5]. OWL itself can be viewed as an upper ontology, i.e., as a language based on XML and RDF-S that can be used for creating domain-specific ontologies with precise semantics such that further inferences on the concepts can be made with the help of general ontology reasoning tools. The next important step towards bringing more intelligence to the Web can be seen in the development of Semantic Web Services [6]. The main idea of that initiative is to semantically annotate the services that are available on the Web with the goal that they can be automatically searched and accessed by agents. In addition, software agents shall also be enabled to execute more complex tasks by combining the different services in an intelligent manner. The additional requirements for this type of service consumption over the Web are currently addressed in the development of OWL-S (OWL-Services) [7], an extension of OWL. Similar to OWL, OWL-S provides an XML-based representation mechanism for describing Web services on a semantic level. OWL-S also exploits the traditional AI-planning approach and relies on using inputs, outputs, preconditions, and effects as basic means for describing and exposing the semantics of a service for a client. As a language for describing especially the preconditions (constraints) for service execution, OWL-S also comprises the general purpose, well-defined rule language SWRL (Semantic Web Rule Language) [8]. OWL-S only defines the language for specifying the constraints but does not impose restrictions on the inference engine that is to be used for evaluating the constraints or do further reasoning with respect to automatic service composition. In general, automatic detection of suitable services and composition of service chains can only be done on the basis of a shared ontology, e.g., the involved parties have to have a common understanding what ‘‘video consumption’’ means. Therefore, it is only reasonable that OWL-S is fully integrated in OWL with which such shared ontologies can be built. 


Extending MPEG-21 DIA


OWL-S together with SWRL can be used to declaratively describe and dynamically execute adaptation operations. OWL-S provides the description of services and the means by which they can be accessed. It also comprises the mechanism to describe the functionality of a service in terms of a description of the transformation that is caused when a service is invoked. SWRL provides the XML format for describing logical facts and rules and can be used within OWL-S for specifying these preconditions and effects. In detail, OWL-S descriptions are designed to provide three essential types of knowledge about a service: profile, process, and grounding. The service profile specifies what the service requires from the user or agent and tells us what it provides for them. The process model specifies how the service works. One can consider the profile as the interface for the service, whereas the process represents its internal structure. Finally, the service grounding specifies the details of how an agent can access the service on the technical level. This is accomplished by associating the OWL-S specifications with service descriptions expressed in WSDL. WSDL itself specifies a protocol- and encoding-independent mechanism for Web Service providers to describe the means of interacting with the offered services. WSDL is an XML vocabulary, which describes network-reachable services and maps these to a messaging capable collection of communication endpoints. WSDL separates the abstract definition of service and messages from their concrete binding to a network port and message format. The current WSDL specification describes concrete bindings for SOAP, HTTP GET/POST, and MIME. 


Related work


In this paper, we introduced a framework for building intelligent multimedia adaptation servers based on semantically annotated adaptation services. Hereafter, we summarize the relations of our work to the different involved research efforts.


Ontologies in multimedia 


In the context of multimedia research, ontologies like those used in AI and Semantic Web communities play a partial role. To open new possibilities for multimedia consumption new approaches such as [9], [10], [11] exploit the knowledge-representation and reasoning mechanisms from the Semantic Web and OWL. Automated content analysis for multimedia resources is the goal of the work described in [10]. In particular, they deal with the problem of (semi-) automatically extracting individual concepts and objects from spatio-temporal features or images. In their approach, they use Semantic Web technology for building domain-specific ontologies, which shall support the concept identification process such that no human intervention is required. Their choice of using the now-standardized domain-independent knowledge representation mechanism is also driven by the idea that already existing ontologies that were built for other domains can be easily re-used for the extraction process. 


A quite different use of ontologies for multimedia services can be found in [9]. In the SCULPTEUR project, a multimedia information system in a digital museum was developed, in which OWL-based ontologies are used as enabling technology for advanced concept-, metadata-, and content browsing and -retrieval functionality. The domain-specific ontology is integrated in a semantic layer that contains references to the actual objects of the digital collection, typically 2-D or 3-D images. However, in their approach, they mainly used Semantic Web technology as a common representation mechanism for integrating and harmonizing the different internal and external systems that actually hold the different pieces of the existing information of the digital repository like textual metadata of the collection’s items.


Another quite recent project where Semantic Web technology is used in the context of multimedia applications is OREL (Ontology-based Rights Expression Language) [11]. The goal of OREL is to enable fine granular access control and permission management for multimedia resources on the semantic level. However, MPEG-21 already contains features for developing fine-granular access control with the Rights Expression Language (REL) [12], [13] and the Rights Data Dictionary (RDD) [14], [15]. These existing MPEG-21 features are designed in a very flexible manner such that they could in principle be used to model such ‘‘semantic’’ access rights. Nonetheless, the usage of a standardized ontology language for implementing such special access rights can have the advantage of improved cross-application interoperability in the context of permission management. Still, the question of how OREL can be integrated in an interoperable way into the existing rights management of MPEG-21 is left open. In general, the approaches described so far basically use Semantic Web technology and ontologies as a tool for additional semantic metadata annotation that goes beyond the capabilities of MPEG-7. In contrast to these approaches, we view the MPEG standards as ontologies by themselves that we can subsequently use to semantically annotate possible content transformations and not annotate the original content itself. Actually, the research field is still in its early phases and OWL-S as well as SWRL do not yet have the status of an W3C recommendation. As such, current research efforts in the field are still focused on the development of a sound technical basis for Semantic Web Services in terms of integration into standard Web technology as well as on advanced algorithms that shall support automated Web Service identification, error recovery or service composition. However, even in other domains, only very few first examples of real-world Semantic Web Service applications can be found at the moment. Sheshagiri et al. [16] describe a partially multimedia-related Semantic Web Services application from the academic environment. The myCampus environment aims at extending the nowadays relatively simple infotainment services available for mobile users by providing higher levels of automation and the development of services that also respect the context in which users operate. The main similarity compared with our approach lies in the fact that the authors aim at personalized delivery of (multimedia) content for different user environments, both with respect to hardware as well as software; in addition, they also use AI-based planning technology for the construction of composite services. In contrast to our work, however, they rely on proprietary, domain-specific ontologies for service annotations whereas we use the commonly agreed multimedia standards as shared domain ontology. In addition, they do not aim at transforming the multimedia content by itself but rather at selecting and distributing existing resources in a personalized manner.


 Multimedia adaptation servers and proxies


Building distributed multimedia systems with the goal of performing server-side resource adaptation is a research area with a quite long tradition [17]. The main efforts in that area were spent with the problem of coping with the hard real-time constraints when delivering continuous media [18]. These challenges were in many cases mainly tackled with the development of (proprietary) low-level stream adaptation algorithms. Only few projects are known that try to exploit the extended metadata annotation possibilities available with the new MPEG standards; examples are the ViTooKi Video Tool Kit project [19], [20] or the work described in [21]. ViTooKi provides an architecture for an adaptive proxy for audio/visual streams which is capable of adapting multimedia resources according to terminal capabilities (display size and color capabilities) and network characteristics (available bandwidth). For the task of determining adequate adaptation sequences, the concept of adaptor chains is introduced which enables them to concatenate several adaptation steps [19] in a predefined way. The ‘‘adaptor chains’’ are dynamically instantiated at runtime according to the usage environment. On the technical level, they also use the MPEG-7 Variation Set Description Scheme which can be used to provide hints as to when to apply an adaptation and which algorithm to use. 





In contrast to our knowledge-based approach, the construction process for adequate adaptation chains in ViTooKi is not automated in the sense that these chains are intelligently assembled from semantically enriched tool descriptions. Rather, they rely on a set of pre-defined, manually engineered adaptation chains, which are looked up dynamically at run-time. When the adaptation chain is executed, the corresponding external tools like those contained in the FFMPEG library are parameterized and executed. Again, the set of such external tools and algorithms is manually engineered and the existing chains possibly have to be revised when a new tool is introduced to the framework, which is not necessary in our approach.


Nonetheless, our current work includes a detailed analysis of how our knowledge based approach can be integrated into the architecture of the ViTooKi project, in particular because this framework implements a solid, basic infrastructure and additional features like intelligent video caching mechanisms.


Adaptation QoS 


Bitstream syntax description (BSD) is a part of the current MPEG-21 DIA standard. BSD is an additional, orthogonal metadata layer, which can be used to describe the structure of the media’s bitstream. With the help of a BSD, manipulations can be directly performed on the encoded bitstream without requiring costly decoding or encoding operations. BSD is mainly designed to be used together with Adaptation QoS [2], another tool defined within the MPEG-21 framework, which enables users to describe quality of service (QoS) trade-offs. Adaptation QoS specifies the relationship between environmental (e.g., terminal and network) constraints, media quality, and feasible adaptation operations. For example, a constraint could be the limitation of the network throughput on the path to the client. Adaptation of a video in this case could be accomplished by performing operations like, e.g., frame dropping, coefficient dropping, or wavelet-based reduction, which would lead to changes in the quality of the multimedia stream. Consequently, Adaptation QoS is useful to hint adaptation nodes to meet given constraints with regard to the quality of the adaptation result. Our work is more general and on a higher layer than BSD and Adaptation QoS. BSD could be one adaptation step providing a fast adaptation mechanism for compressed media streams. Overall, with regard to quality aspects we have to discriminate between two different aspects in the context of adaptation in particular with respect to quality degradation that can come with such adaptations. In the multimedia consumption scenarios, we mainly focus on improving the quality of the user experience: Potential quality degradations that result from adaptations are solely steered by the usage environment of the consumer, which may also contain specific user preferences. For instance, a consumer might prefer to consume the multimedia content in lower quality, e.g., view the video in lower resolution and color depth, being aware of the transfer costs of viewing the video in the best possible quality. All of such quality requirements of the end user have to be contained in the usage environment descriptions, which correspond to the adaptation target. Due to the soundness of our knowledge-based approach, the search algorithm, and the precise semantic descriptions of the transformations, it can be guaranteed for such quality preferences that the planner that do not meet or exceed these requirements computes no adaptation sequences. Still, we are currently working on the development of adequate algorithm extensions and heuristics such that we can also compute good solutions (adaptation chains) fulfilling the constraints as good as possible. The question of acceptable quality degradations will then be one of the major issues. Finally, further investigations on the integration and the interaction of the Adaptation QoS tools with our framework will also be part of our future work. Currently, we view the functionality provided by these tools merely as additional means for further increasing the QoS on the bitstream level after the other required higher-level transformations have been done. Quality degradations done in this phase are thus steered by additional heuristics and are currently not taken into account by the planner, i.e., particular care has to be taken when designing these heuristics.


Conclusions


The heterogeneity of end-user devices and networks as well as the vision of universal multimedia access (UMA) generate complex requirements for intelligent, server-side multimedia adaptation servers. In this paper we proposed a novel, knowledge-based framework for building intelligent multimedia adaptation servers, capable of constructing complex adaptation chains from semantically annotated transformation operations. Interoperability is achieved by using Semantic Web technology as a common knowledge representation mechanism. Besides, flexibility and extensibility are attained through well-established AI planning algorithms. The approach proposed can be technically integrated into existing MPEG standards. The proposal can be contained in a modification of the MPEG-21 DIA standard. The approach also establishes a link between two standardization bodies (W3C, ISO/IEC) and advances both related research fields. The introduction of this approach to the MPEG-communities broadens the application scope of AI technology. Our problem setting showed that Semantic Web Service technology reaches a level of maturity such that complex, real-world service composition problems can be modeled and solved. 
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