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Abstract

In this article metadata for mulimedia documents are
classified in conformity with their nature, and the dif-
ferent kinds of metadata are brought into relation with
the different purposes intended. We describe how
metadata may be organized in accordance with the
ISO standards SGML, which facilitates the handling
of structured documents, and DFR, which supports
the storage of collections of documents. Finally, we
outline the impact of our observations on future de-
velopments.

1 Introduction

As concepts and technology for single digital media
types are maturing, problems concerning the com-
position of multimedia documents from single-media
components are becoming more acute. The reflections
making up this article are based on the perspective
that the type of multimedia documents itself is again
a digital media type.! To be able to better distin-
guish 1t from those other media types we will refer
to those media types as single media lypes when in
doubt. Furthermore, with mullimedia items we refer
to both components of multimedia documents as well
as multimedia documents in their entirety. In this
article the different metadata that are necessary or
advantageous for handling multimedia items are iden-
tified and classified. From one perspective, metadata
for multimedia documents describe single media types,
intra-document relationships, i.e. relationships be-
tween components, and inter-document relationship,
i.e. between different sets of documents.

1The approach that a type text reflects the intensional char-
acteristics of documents can be encountered in [2]: Relational
database technology has been extended so that a type text
for column entries is available. There, however, ‘text’ means
‘SGML document’. In other words, it seems to us that the type
name SGML_Document would better reflect the speciality of the
approach.

Clearly, some sorts of metadata are also useful fo
other application domains. In this article, however,
we do, to some degree, rely on observations that have
been made with two applications developed at our in-
stitute. The Calendar of Events (CoE, [19, 16]) is an
information system to administer multimedia descrip-
tions of, say, cultural events: The user formulates a
query according to his information needs. When com-
posing the answer, both technical characteristics of the
client-side (e.g. ’Only Quicktime movies can be pre-
sented.’) as well as preferences of the person posing
the query (e.g. ‘Only presentations up to one minute
should be returned ’) can be taken into account. The
MultiMedia Forum (MMF, [18]) is another application
that processes multimedia documents. It is an inter-
active online journal. Here, the reader or consumer
himself selects news items that seem to be of interest
to him from a table of contents. An important dif-
ference between the MMF and the World-Wide Web
(WWW) are the facts that the individual issues of the
MMF are composed by an editorial team, and each
piece of news corresponds to exactly one issue.

With this article we intend to make explicit the
different kinds of metadata for multimedia items and
their usage. Section 2 contains that classification. In
Section 3 we go into the facets of the ISO standards
SGML and DFR that are important in this context.
In Section 4 the usage of the categories of metadata
introduced is elaborated. Section 5 deals with some
implementation issues and further developments.

2 Classifying Metadata for Multime-
dia Documents

Clearly, the different ways of using multimedia doc-
uments impinge on the metadata and the way they
are organized. In the sequel we describe the differ-
ent kinds of metadata for multimedia documents we
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have been able to identify. First of all, the differenti-
ation between metadata themselves on the one hand
and on the other hand information how metadata for a
concrete collection of multimedia documents are orga-
nized, which is again metainformation, is relevant. For
instance, a multimedia document may be furnished
with an attribute levelOfExpertize that reflects how fa-
miliar the reader or consumer should be with the field
the document relates to. In order to deal with that
information in a reasonable way the range of the at-
tribute must be known. - This differentiation is, to
some degree, orthogonal to the following classification
of metadata for multimedia documents:

o Metadata for the Representation of Media
Types. As opposed to, say, plain ASCII-text cer-
tain additional information is mandatory in con-
nection with the presentation of multimedia data.
This includes format, coding and the compression
techniques that have been applied. Either a cur-
rent name for format, coding etc. may be given,
or it may be explicitly described. For example,
a datatype AUDIO is described by the number of
samples per second, number of channels, and the
coding in which it has been recorded, e.g. ulaw or
linear. I'rom our point of view, certain attributes
of textual document components not reflecting
the content also fall into this category. An exam-
ple is an attribute language bearing the language
a textual component is written in.

e Content-Descriptive Metadata. These meta-
data are determined intellectually or by means of
semi-automatic or automatic methods. In the last
two cases, these methods are media-type-specific.
An example from our institute is the DREAM
parser [5] that enriches documents with SGML-
like markup. Examples of content-descriptive
metadata are a list of persons or institutions hav-
ing some relation to a particular multimedia doc-
ument’s content. Metadata of this type for CoE
data are the location of the event and the price
of the tickets, to provide further examples.

e Metadata for Content Classification. The
distinction between content-descriptive and tech-
nical metadata for simple digital media types is
well-known (cf. [14]). Furthermore, however,
while content-descriptive metadata reflect a docu-
ment’s or a document component’s content, meta-
data for content classification are additional infor-
mation that can be derived from the document
content. For instance, metainformation such as
the level of expertise in the field required by the
reader falls into this category. To our knowl-
edge, coming up with algorithms how that kind

of metainformation can be derived from the doc-
ument content automatically or at least semi-
automatically is an open research issue.

Metadata for Document Composition. Log-
ical components of multimedia documents have,
as a rule, certain semantics or, in other words, a
role as part of the document. A document com-
pounent’s role does not unmistakably follow from
the document. Rather, it is dependent on the
kinds of roles that are allowed within documents
of a certain type. From a slightly different per-
spective, a document component’s role depends
on the author’s intentions. In the cooperative au-
thoring environment SEPIA [17], to give an ex-
ample, there 1s a differentiation between claims
and facts. Frequently, it is subject to interpre-
tation whether a statement is a claim or a fact,
to continue the example. Hence, the knowledge
about document components’ roles is metainfor-
mation. The relationships between document
components have certain characteristics. Com-
position-specific metadata are knowledge about
these characteristics. As opposed to some other
kinds of metadata, this one makes sense only for
multimedia documents and not for simple media
types. For instance, the direct content elements of
a document component may be ordered, as with
SGML documents [8, 7], or not, as with diverse
hypertext models. Using data modeling termi-
nology, the different semantics of these instances
of the partOf-relationship [6] is reflected in the
operations that would be provided by the corre-
sponding modeling primitives. In the first case a
method getNextComposite returning the composite
that follows the target object makes sense. This
method, however, would not have a counterpart
in case of unordered composites.

Metadata for Document History. With the
sorts of metadata that have been described so
far multimedia documents are described only as
static entities that do not seem to change over
time. However, in multimedia publishing envi-
ronments it is a common practice to record the
status of multimedia items. E.g. there may be
a property status with possible values approvedBy-
ChiefEditor, notApproved etc. Metadata for docu-
ment history need not necessarily apply to the
entire document, but instead may be different
for individual document components. Further
examples for metadata of that kind are the au-
thor’s or composer’s name for a multimedia doc-
ument component or the calendar date of such
a component’s last update. Additionally, the
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derivedFrom-relationship in versioning models,
i.e. the information from which (older) document
components a more recent one has been derived,
falls into this category. Sometimes metadata of
this kind can be recorded automatically, e.g. the
date of an audio component’s last update. How-
ever, when considering the attribute status de-
scribed above it can easily be seen that this need
not necessarily be the case. Finally, from a con-
sumer perspective the information whether a doc-
ument component has already been visited also
falls into that category.

e Metadata for Document Location. Multi-
media documents are not inclined to be dupli-
cated and distributed, as compared to conven-
tional ones. Rather they are accessed by the
consumer on demand. ‘This facilitates continuous
modification of documents’ content without that
the document actually becomes another one. It is
a prerequisite, however, that the multimedia doc-
uments can always be localized unambiguously

[10).

The kinds of metadata that have been mentioned
so far relate to individual multimedia documents. Ad-
ditionally, there are metadata for collections of multi-
media documents. Here, we give an example of such
metadata which will be referred to as stalistical meta-
data. Consider the case that multimedia documents
are stored within a database. Metainformation that
may be relevant in this context is the frequency of doc-
uments or document components with certain charac-
teristics. Metadata of that kind may be based on other
metainformation. E.g. the number of documents writ-
ten by a certain author in a collection of documents is
based on the corresponding piece of metainformation
for individual multimedia documents.

3 Organizing Metadata for Multime-
dia Documents

Due to space limitations, with our reflections about
the organization of metadata in this section we limit
ourselves to the possibilities according to two interna-
tional standards for document handling.

3.1 SGML - a Means to Deal with Struc-
tured Documents

In this context, a prominent role falls to the share
of the SGML standard. SGML documents conform
to so-called documeni-type definitions (DTDs), which
are essentially attributed grammars. Arbitrary DTDs
can be defined to specify the generic logical structure

of documents of a certain type, such as, say, news-
paper articles or scientific publications. Document
components such as titles, paragraphs, footnotes and
the like are referred to as SGML elements. A docu-
ment’s elements form an ordered tree, the parse tree.
The tree’s edges stand for the partOf-relationship. In
this context, the fact that the parse tree’s leaves, i.e.
the atomic document components, need not only be
of type text, but rather may be of arbitrary types, is
important. This may cause problems when processing
and presenting documents. A straightforward solution
for a distinct set of DTDs is to leave the interpreta-
tion and presentation to the application. More sophis-
ticated solutions are beyond the scope of this article
(4].

Metadata in SGML documents may be organized
as follows:

e The DTD may contain certain element types for
the metadata. An obvious example is an ele-
ment type keywordList in a DTD scientificPublica-
tion. If the metadata are organized in that way,
in essence they cannot be distinguished from the
original media data. In that case, an application
processing multimedia documents must know the
semantics of the individual element types in case
metadata are processed differently from original
data. From our point of view, however, the dis-
tinction between metadata and original data is
not clean-cut: An abstract in a document of type
scientificPublication 1s, in a way, metainformation
as it is a summary of the content of the (remain-
der of the) document. On the other hand, it is
an original part of the document because the ab-
stract’s content may be better suited to illustrate
the authors’ intentions than the document in its
entirety.

e With SGML it is possible to freely define at-
tributes for elements of arbitrary types in the
DTD. Possible attribute types are enumeration
types, which, in turn, are freely definable, num-
bers and strings. As attributes can be defined for
arbitrary element types, metainformation need
not apply to the whole document. Instead there
may be a differentiation between individual doc-
ument components.

e The mapping from document components to ele-
ment types is metainformation on the logical doc-
ument structure.

e The document-type definition itself is part of the
metadata. It may either be contained in the doc-
ument’s prologue, or the prologue contains a ref-
erence to the corresponding DTD.
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3.2 DFR - a Framework to Arrange Doc-
ument Collections

While in this context metadata are largely contained
in the document, in other cases it is advantageous to
factor out the metadata from the individual multi-
media documents. As opposed to SGML, a standard
for the logical document structure, the DFR-standard
(‘Document Filing and Retrieval’, [9]) deals with the
organization of a collection of documents. With DFR
there is a set of containers, the DFR groups. A DFR
group may itself be contained in another one. Hence,
the primary structure is hierarchical. The documents
themselves are part of a DFR group. The compo-
nents of a DFR modelling are referred to as DFR
objects. Names and attributes, i.e. both attribute
name and range, of DFR objects can be freely de-
fined. To give an example, consider the CoE which
is a DFR application. The location of the event de-
scribed in the document is the metainformation on
which the DFR modeling is based. The DFR groups
correspond to different geographic or territorial units
such as states or counties. The hierarchical structure
is the containedIn-relationship between them. The
leaves of the hierarchy are the documents being event
descriptions.

4 Exploiting Metadata for Multimedia
Documents

While certain ways to exploit metadata are already
known from data of conventional types, the nature
of multimedia documents leads to a variety of new
aspects.

e Closer Matching Presentation Require-
ments. A special problem with multimedia doc-
uments is that due to the different technical
settings of the client-sides document-processing
mechanisms should be more flexible than for con-
ventional document types. On the one hand expe-
rience with the MMF shows that in presentation
environments it is advantageous to hide away doc-
ument components from the consumer that can-
not be consumed because of the settings of his
environment. From another perspective, in a dis-
tributed environment it is inefficient to transport
data that cannot be presented to the client-side.
Metadata is used to deal with both aspects of the
problem. The consequence is that metadata are
actually used to control the dynamic composition
of multimedia documents or, in other words, con-
trol viewing of multimedia documents.

e Browsing. As it seems that there are no sat-
isfactory means to quickly overview video or au-
dio data, metadata may be used to ease browsing
through multimedia documents. A typical exam-
ple are icons in WWW-pages standing for a big
image or a video sequence. Usually the icon is
a reduction of the image or of a relevant frame.
Besides that, the example shows that metadata
need not necessarily be of a conventional type.

e Posing Descriptive Queries. Querying is an
issue that seems to be fairly independent of the
type of metadata. In other words, it is only natu-
ral to pose queries to a pool of multimedia docu-
ments on the metainformation on the document’s
history, on content-based document categoriza-
tion and the like. Query processing on multime-
dia documents can be optimized using statistical
metadata and metadata for the logical document
structure. A relevant reference is [12]. Likewise,
representation-specific characteristics can be con-
sidered in queries on multimedia documents. This
aspect of .querying is of minor importance with
regard to purely textual documents. For exam-
ple, as it is reasonable to base billing in telecom-
munication environments on the amount of data
that has been transferred size of document com-
ponents will become a relevant criterium for se-
lection. From a slightly different perspective, the
duration of the presentation of multimedia docu-
ments shall be another criterium.

e Posing Queries on Document Content and

Repositories. The possibilities of content-based
retrieval from multimedia documents are rela-
tively limited, as opposed to retrieval from merely
textual documents. This can be inferred from the
fact that, quite frequently, adjacent text is ex-
ploited to identify the content of images in multi-
media documents. If a restriction is made to a set
of queries that are allowed the selection of rele-
vant multimedia documents can in principle be fa-
cilitated by content-dependent metadata. In the
MMTFT there is the possibility to select documents
dealing with certain persons, because the neces-
sary metainformation is part of the documents’
header. In the CoE’s DFR archive the multime-
dia documents being event descriptions are clas-
sified by means of the event’s location. It is part
of the DFR archive’s functionality to be able to
select documents being directly or indirectly con-
tained in a DFR group. Hence, in both cases
metadata are used to enhance querying on doc-
uments’ content. However, there also is a differ-
ence: A classification of metadata on multimedia
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documents based on their usage is the discrimi-
nation between document-specific and repository-
specific metadata. This classification is orthogo-
nal to the one made in Section 2, and it does not
primarily depend on the nature of the metadata.

Cooperative Work on Multimedia Docu-
ments; Security. Metadata for documents’ his-
tory as well as metadata on the logical docu-
ment structure ease the authoring and publishing
process. This kind of additional information is
particularly helpful if multimedia documents are
composed and edited by more than one person.
In, say, a complex reference work there may well
be two dozens of reasons why a word may be ital-
icized. Now assume that a reviewer is reading a
section written by an author, and one of his as-
signment is to ensure the document’s consistency.
The task is easier if the logical document struc-
ture is at hand: The reviewer need not ponder
about the reason why exactly a word has been
italicized. On the other hand, without the dis-
crimination between logical and layout structure
information of that kind would not be available.
Summing up, a document in which the compo-
nents’ roles are identified bears more information
that might be relevant for authoring and compo-
sition. Also in case there is only one person in-
volved in the publishing process it may be advan-
tageous to chronicle the document design process
for analogous reasons, namely if it contains var-
ious iterations. Besides that, metadata on docu-
ment history are mandatory to ensure authorized
access to documents and document components.
In a sample scenario, consumers that are not part
of the editorial team shall only be allowed to ac-
cess documents with a certain status.

Easier Modification of Document Layout
and Rendition. By introducing metadata on
the logical document structure document compo-
nents are explicitly identified. Thus, it can be
discerned between a document’s logical structure
and its layout structure. Another impact of this
discrimination is that the document itself need
not be modified when altering the document’s lay-
out. If, say, the layout of facts that used to be dis-
played using bold letters shall be changed to ital-
ics the rule ‘Display facts using bold letters.” must
be replaced by the one ‘Italicize facts.”. Hence,
modifications of that kind only impinge on the
meta level.

5 Implementation Issues and Conclu-
sions

The objective of our work is the storage of multime-
dia documents in databases. This is motivated by
the innovative publication environments envisioned at
our institute where the editing staff works cooper-
atively and in concurrence with the comsumers ac-
cessing the document pools. To this end, the object-
oriented DBMS VODAK [11] that has been developed
at our institute is extended to become a multimedia
DBMS. One facet of the approach is to provide built-in
datatypes for continuous media types, e.g. audio [13].
In the context of these built-in datatypes it is impor-
tant to mention that some metadata are encapsulated
and need not be administered by the application de-
veloper. The advantage is that document components
may be edited, and their internal representation may
be altered without affecting the layers above. The
category of metadata that need be considered in this
context are media-type specific metadata. At a later
stage, there shall be a type being supertype of those
continuous media types. Namely, some of the process-
ing of data of continuous media types is canonical.
It is obvious that in this case updating the canonical
metadata (e.g. component size in bytes) must be part
of this generic type’s operationality. On top of VO-
DAK we have realized an application framework for
SGML document storage [3]. The main objective of
this work has been to handle SGML documents of ar-
bitrary types. Using metadata terminology, as little
metainformation as possible has been hardcoded into
the database schema. Instead our goal has been to
store these data as database content (cf. [1]). Further-
more, a DFR archive based on VODAK is available
[16]. After having established the connection between
this DFR archive and the SGML database application
the question which metadata shall be used to struc-
ture the DFR repository will become relevant.
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