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Summary

This paper introduces the motivation and describes the MPEG Multimedia Preservation Application Format (MP-AF), addressing the specific issues related to the preservation description information of audiovisual contents. The standard defines a data model with a Digital Item hierarchy of preservation objects and their representations at its core. The related preservation activities and operators involved, as well as their properties, can be represented and linked to the content items. The standard also addresses eight categories of preservation-related metadata, and defines descriptors for these categories. Together with technical and descriptive metadata, these descriptors can be attached to different levels of the content hierarchy

MP-AF defines a metadata container, based on MPEG-21 DID, which can be serialised as an XML document, which also conforms to MPEG-21. MP-AF does not define how to pack essence and metadata together, however, it can be used in connection with existing container formats, for example, MPEG PA-AF.
Section 1 provides some background information and explains the area of use of MP-AF, section 2 describes the key concepts behind the preservation logic in terms of what is required for a good and long-lasting preservation of audiovisual content. Section 3 provides a description of the data model at the core of MP-AF with a focus on preservation descriptors, finally Section 4 provides important information for real use of the standard whether starting from scratch or from other previously adopted common ways of describing preservation information.

1 Introduction

There is a range of different organisations that are in charge of preserving multimedia content, from dedicated audiovisual archives with preservation as their core mission, over archives of broadcasters or media production companies, for which the archive must primarily serve their production workflows, to libraries or museums that may only have some multimedia items among their collection. All of them have the need to perform processes such as digitisation or migration of the multimedia content. These processes are increasingly automated within large organisations or outsourced to service providers by organisations that cannot afford to have the infrastructure and knowledge in-house. Performing and documenting these preservation workflows requires the ability to represent detailed preservation description information in an interoperable way.

Many organisations collecting various types of multimedia content, such as archives, libraries, museums, etc. already have digital preservation systems in place. These organisations often have the need to exchange multimedia assets and related metadata, for example:

· to exchange assets between preservation systems/repositories within the organization or with related organizations,

· to change/upgrade their preservation systems,

· to exchange content with service providers, or to

· provide preservation services for other organisations.

When they exchange multimedia assets, they need to include preservation metadata that enables the receiving organisation both to assess the integrity and fidelity of the assets it receives and to establish a baseline for its own curation and use of the assets. In addition to the metadata described above, the receiving organisation also needs information about any preservation processes the assets have undergone, including descriptions of the outcome of such preservation processes. The description may include metadata about content, structure, and quality, as well as technical, historical and editorial information, and information about ownership and usage rights and conditions. A standard is needed that defines the content and format of multimedia preservation description information (MPDI), in order to facilitate interoperability between preservation systems, ensure accurate understanding of the resources’ exchanges, and reduce the risks of corruption both in the exchange and thereafter.

The relevant use cases for such a metadata representation include (partial) preservation workflows where metadata created or needed in the preservation process are exchanged between different systems or organisations. One example is a preservation workflow including regular fixity, integrity and quality checks of broadcast content, performed by different systems. Another example is a migration process outsourced to a service provider, which includes determining the need for migration to another format, choosing the parameters of the target format and performing quality checks to ensure that the result of the migration is free of errors and is a complete representation of the source. A third use case involves content being exclusively licensed to another company (under certain restrictions, e.g. territorial) and making sure to identify the versions affected by the contract, including different technical formats for different distribution channels. In that case the rights management information is relevant.

A different group of use cases addresses cases where content is deposited in an external archive for preservation. For example, a national library may have the mission to preserve all music recordings, and receives the masters from the record companies, including the metadata for each song and the collection, as well as further artwork related to the production. The carrier may become obsolete and digitised/migrated to another carrier or file storage, and requires keeping the grouping of the different objects in the submission and their relations. MP-AF thus target the interfaces at which audiovisual content enters or leaves preservation systems, i.e., the metadata in submission and distribution information packages (SIP/DIP) in the nomenclature of OAIS [1].

PREMIS is nowadays the (de facto) standard which is used by many national libraries and archives for aggregating and preserving metadata required for ensuring long term access to digital content. When using the PREMIS standard in an application dealing with multimedia content, it is soon observed that different enhancements are required to address particular needs of a given preservation context. These are compatibility with standards in use, in particular, MPEG and SMPTE standards widely used in the audiovisual domain, enhanced support for modelling hierarchical, complex structures and descriptions, support for time-based metadata and the definition of the container structure holding preservation-related metadata. 

MP-AF aims to address these issues by defining a specification that provides solutions for these gaps. Compatibility with PREMIS has been taken into account in the design of the standard, and mapping is intended to be straightforward for overlapping parts of the specifications. MP-AF defines metadata for a range of categories relevant for preservation, including quality metadata. By standardising the format of the metadata container and providing cross-references between resources in the information package a better support for implementation of preservation workflows and outsourcing of preservation services can be provided.

2 Multimedia Preservation Description Information
In the following we present the most important concepts formalizing the representation of the information used for multimedia preservation purposes. The model is partly inspired by the PREMIS and partly by the related work in preservation projects. It takes advantage from the complete representation of the preservation information package and includes semantic elements attached to each level in the hierarchical structures. 

The following metadata concepts define elements relevant for multimedia preservation and used in preservation processes.

· Provenance documents the chronology of events regarding the creation, modification, ownership and custody of resources, such as who produced some audiovisual content and who has had custody since its origination. It provides information on the history of the multimedia content (including processing history).

· Context describes the circumstances that resulted in the production of the audiovisual resource and how it relates to other relevant resources. For example, it may describe why and how the resource was created, it may indicate from which resources the current one was derived, or it may specify the relationship to other resources available in the package.

· Reference represents the information that is used for identifying and addressing the multimedia content and related resources. It uses one or more identifiers, or systems of identifiers, by which the resources may be uniquely and persistently identified. Reference information supports the linkage of identical or related resources that might be stored in separate repositories. These repositories may use different mechanisms for identifying resources (e.g. using different standards for representing local identifiers).

· Quality encompasses information related to the qualitative or quantitative measurements describing a given resource. It supports reasoning and evaluation of how good the resources have been preserved. The quality assessment should document any modification or transformation applied to the content, as well as the processes that produced them.  

· Fixity encompasses the information ensuring that resources (as described by their properties) are not altered in an undocumented manner. This information is also used to verify the integrity of digital items.

· Integrity represents the state of an entity (e.g. digital item) indicating the quality of being complete. It can be proven by verifying the presence of all required parts/components in an unaltered (i.e. not modified) state.

· Authenticity encompasses information that enables an agent to verify if an object is correctly identified and free from (intentional or accidental) corruption (i.e. it is capable of delivering its original message). The agents that issue statements about authenticity must also be correctly identified. While integrity is only on a technical level, authenticity is concerned with the object not being tampered with. Assessment of authenticity may require information related to different representations of the same work, while integrity refers to a specific representation. For example, the digitisation of an analogue copy cannot be automatically checked for integrity but it still preserves the authenticity of the content. Similarly, transformations from SIP to AIP or from AIP to DIP preserve authenticity, but not necessarily integrity. 

· Rights encompass information concerning legal, regulatory or contractual provisions that affect ownership, control, access or use of resources, as they impact the long term preservation (e.g. intellectual property, copyrights, privacy, etc.). Actions or events in the preservation of resources need to respect such rights, and they may influence preservation decisions.

3 MP-AF Data Model
The MP-AF data model represents metadata for the preservation of a variety of media, such as images, graphics, video, animation, sound and text, and combinations of these. The definition of these elements/classes follows the goal of maximizing interoperability and maintaining compatibility with existing preservation data models. This should facilitate the adoption of MP-AF model among organizations that already use compatible models, at least for data exchange purposes, such as the migration between preservation systems (for software or hardware upgrade for example) or for exchange between repositories.

The MP-AF data model is defined for representing the Multimedia Preservation Description Information (MPDI) needed for discovering, accessing and delivering multimedia resources.

The specification of MP-AF contains three main components. The first is a high-level data model, specifying the top-level entities and their relations. The second part concerns the specific metadata structures for the different types of preservation metadata covered by MP-AF, modelled as descriptors. Whenever possible, these definitions make use of existing metadata standards, i.e., the specification reuses parts of MPEG-7, MPEG-21 and also defines extensions to existing metadata standards (e.g., MPEG-7 was extended with a specific amendment in order to support video quality annotation). The third part defines a core set of technical and descriptive metadata that is required to ensure minimum interoperability between preservation systems. A serialisation of the MP-AF data model using XML Schema has been specified, taking part of the normative documents of the standard.

3.1 Data Model Overview

The central entities in the model are those representing multimedia content. They are designed to be compatible with MPEG‑21 Digital Items, which hold metadata and references to the actual essence. In order to align the proposed model with other ones uses in the media industry four levels of specialisations are defined.

1. A Preservation Object combines information describing the intellectual and artistic attributes of a Work together with Digital Items that encode the Work. It includes technical, descriptive and preservation metadata and any other information needed to ensure consistent and reliable access to the Digital Item(s) over time. An Asset is a specialisation of Preservation Object aggregating a description of the owner and the owner’s rights. These rights are exploitation rights that are different from the usage rights of a Digital Item. This is aligned with the definition of an Asset by the Society of Motion Picture and Television Engineers (SMPTE), which defines assets as being content with associated rights. Preservation Objects may be recursively nested in order to express groups of objects, which constitute a Preservation Object themselves (e.g., tracks of an audio CD vs. the entire CD). In contrast, Groups are explicitly containers of Preservation Objects and not an Preservation Objects themselves (i.e. a logical grouping such as a broadcasting series).

2. A Representation is a specific and complete manifestation of the Work. Representations may differ in terms of technical or descriptive properties while sharing the same intellectual and/or descriptive attributes of the Work (e.g. different performances of the same Work, low vs. high definition representations of a movie). A Representation aggregates the whole set of Essences plus any additional metadata needed for a complete presentation of a Work.

3. Essence is a manifestation of a Work or part of a Work. It refers to the metadata needed for correctly rendering media content including all associated Components.

4. The Component is the entity holding specific technical metadata supporting the handling of the media resource referenced by a Media Locator (reference or identifier of a storage media volume, Item or part of an Item). Components can be Files or Bitstreams. 

Operators are persons, organisations or systems that can be instantiated in form of Agents (persons, organizations) or Tools (hardware devices, software applications). They are involved in a certain Activity with a specific role. Different Agents may have relations to each other. 
An Activity is a preservation action performed on at least one Digital Item or Component. The activity is carried out by one or more Operators known to the preservation system.

The complete data model is shown in Figure 1 , represented with UML graphical notation. The relations in this diagram are of the following types: inheritance (the entity is a specialization of a more general type inheriting the parent’s attributes), composition/aggregation (the entity aggregates other entities) or associations.

The data model contains entities marked with the <<Metadata>> stereotype, which correspond to the metadata types specified in the MP-AF MPDI requirements. These entities might correspond to a single or a set of the descriptors in a concrete representation of the model. The use of the metadata types on specific entities of the MP-AF data model is listed in Table 1.
Table 1: Overview indicating the relations of preservation information concepts to content entities.

	
	Preservation Object
	Representation
	Essence
	File/Bitstream

	Provenance
	Yes
	Yes
	Yes
	

	Context
	Yes
	
	
	

	Reference
	Yes
	Yes
	Yes
	

	Quality
	Yes
	Yes
	Yes
	Yes

	Integrity
	Yes
	Yes
	Yes
	

	Authenticity
	Yes
	Yes
	Yes
	

	Fixity
	Yes
	Yes
	Yes
	Yes

	Rights
	Yes
	Yes
	Yes
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Figure 1: MP-AF data model. Entities from MPEG-21 DID are highlighted.

3.2 Structures for Specific Metadata Types

This section describes the concrete representations used for the specific types of preservation metadata. Provenance metadata, item identification and description are supported by MPEG-21 DII and DID. The structure based on MPEG-21 provides sufficient capabilities for item identification, supporting multiple identifiers, qualified by type. 

Basic support for structural relationships between the items is provided by the Digital Item structure. Relationships are used to specify alternative identifiers of digital items and their nature/type (e.g., ISBN vs. barcode vs. bookshelf ID). MP-AF adopts MPEG‑21 Digital Item Semantic Relationships for expressing relations between Digital Items. 

The preservation processes applied to Digital Items and Groups, the Activity and Operator entities are defined as part of the core MP-AF data model. As part of the preservation metadata of multimedia asset, the history of creation and processing steps applied, as well as their parameters are described. This representation thus differs from process model representations (e.g., BPMN) including branching and options. The processing log describes what actually happened with a Digital Item, i.e., it is a linear sequence of activities, with the option to add a hierarchy for grouping activities. The descriptions of activities in the model use a set of specific types (e.g., digitisation), with possible further specialisations (e.g., film scanning), in order to improve interoperability between preservation systems. In a similar way, types of tools/devices being operators in these activities are identified. In addition, parameters of tools/devices are represented in a key/value structure, with a specified set of defined key for the most important properties.

The definition of reference vocabularies is out of scope of MP-AF. However, preferred vocabularies of terms are recommended in an annex of the MP-AF specification where applicable (e.g., the set of quality items being defined by the EBU Quality Control strategic programme [3]).

Context can represent information about the purpose of preservation (e.g. project and preservation program). Relationships represent relations between different Digital Items, while Context includes relations to any type of related resource.

For fixity metadata, temporally fine-grained checksums are supported. This enables better localization (and thus more efficient repair) of errors in bitstreams.

Integrity metadata comprises information to index a set of content items, a set of identifiers to be checked and a list of dependencies on other preservation information packages (e.g. collection, and packages of individual episodes). Component-level fixity information as well as fixity of metadata documents/fragments may be included. Format validation results can be represented using the quality descriptors, performing wrapper or bitstream layer checks.

MP-AF can include metadata to support checking of authenticity but cannot ensure the authenticity of the preservation object. MP-AF supports the following information for checking authenticity: information provided by the submitter of the object to the archive (descriptive, rights and provenance metadata), a complete log of the activities related to the preservation object, including technical, organisational and legal activities (based on the process description model) and metadata for comparing representations of the Preservation Object (e.g. fingerprints). As this information can be represented in different descriptors of MP-AF, no specific authenticity descriptor is provided.

MP-AF provides means to represent metadata related to automatic, assisted or manual quality control of multimedia content. The quality metadata description framework specified in ISO/IEC 15938-5:2003/Amd 5 is used for this purpose. The description is compatible with the data model defined by the EBU QC group. It is recommended that the metadata refers to the taxonomy of quality control items defined in [3].

For rights metadata, both MPEG-21 Rights Expression Language (REL, part 5) and MPEG-21 Contract Expression Language (CEL)/Media Contract Ontology (MCO) will be supported (MPEG-21 CEL, part 20, and MCO, part 21, are semantically equivalent, but with XML and RDF/OWL representation respectively). REL can be used if it is sufficient to represent the rights situation, i.e., if only usage rights need to be represented. In more complex cases, if media-related contracts need to be documented or when a documentation of the history of the rights situation is needed, CEL or MCO can be used.

3.3 Descriptive and Technical Metadata

The common core set of metadata represents basic information needed to support digital preservation. It includes descriptive metadata by which a Digital Item can be unambiguously identified. It also includes technical metadata (e.g. describing the format) associated with one or more specific Representations, Essences or Components of the corresponding Preservation Object. The common core metadata set should be seen as a baseline profile, which enables a minimal set of knowledge acquisition by the receiver of an MP-AF instance. Additional metadata can be inserted into the MP-AF structure at any place that allows MPEG-21 compliant descriptors.

The common core metadata set is modelled as two specific descriptor types. Descriptive metadata contains a basic set of descriptive metadata elements, represented either as MPEG-7 Creation Information, EBU Core or Dublin Core descriptor. Technical metadata defines basic technical information (for different media types), represented as MPEG-7 Media Information or EBU Core Format descriptors.

3.4 Controlled Vocabularies

Many aspects of preservation processes are specific for certain type of organisations, thus MP-AF needs to provide some flexibility in terms of activities, tools, relation etc. Thus, these definitions are not coded into the schema, but controlled vocabularies are used to provide identifiers for these entities, providing the options for extensions and customisations.

A set of recommended vocabularies is provided with the standard, covering the following types:

· Activities

· Agents

· Roles

· Tools

· Relationships

4 Implementation
4.1 Guideline document

An implementation guideline document has been prepared, which covers the following aspects:

Use cases and examples. A set of use cases from multimedia preservation is described, and the application of MP-AF in this use cases is shown by providing detailed examples with complete actual XML instances.

Containers. The embedding of MP-AF in common container types, i.e. MPEG PA-AF, SMPTE MXF and SMPTE AXF is discussed.

Reference software. A C++ library for creating, reading and processing MP-AF documents is described. 
4.2 Relation to Other Data Models

The interoperability with other existing data models related to digital preservation has been adopted as a core design principle. The purpose of MP-AF is not to provide yet another metadata standard, but the most interoperable and complete metadata standard for describing the preservation information needed in professional audiovisual domains. Three data models have been selected as the most adopted in the current practice of audiovisual archives, and therefore as mapping targets: PREMIS [2], W3C PROV [4] and EBU CCDM [5]. These mappings for MP-AF to already implemented data models are useful for understanding its context and allowing a further adoption. For the representation of processes and agents, also the compatibility with Business Process Model and Notation (BPMN) [6] has been taken into account. 
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