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Abstract. Descriptive metadata play a key role in finding relevant search re-
sults in large amounts of unstructured data. However, current scientific audio-
visual media are provided with little metadata, which makes them hard to find, 
let alone individual sequences. In this paper, the TIB|AV-Portal is presented as 
a use case where methods concerning the automatic generation of metadata, a 
semantic search and cross-lingual retrieval (German/English) have already been 
applied. These methods result in a better discoverability of the scientific audio-
visual media hosted in the portal. Text, speech, and image content of the video 
are automatically indexed by specialised GND (Gemeinsame Normdatei) sub-
ject headings. A semantic search is established based on properties of the GND 
ontology. The cross-lingual retrieval uses English ‘translations’ that were de-
rived by an ontology mapping (DBpedia i. a.). Further ways of increasing the 
discoverability and reuse of the metadata are publishing them as Linked Open 
Data and interlinking them with other data sets.  
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1 Introduction 

Metadata are structured information about resources. Following [9], there are three 
main types of metadata: descriptive metadata describe a resource for purposes such as 
discovery and identification, structural metadata indicate how compound objects are 
put together, and administrative metadata provide technical information to help man-
age a resource. We focus exclusively on descriptive metadata in this paper.  
   Given the huge amount of unstructured data in databases, there must be structured 
descriptions of the data to find relevant search results efficiently [6]. There are differ-
ent approaches for describing large amounts of data in a structured way: (i) the data 
are automatically indexed. A manual description of the content is often considered as 
too expensive and time-consuming [11]; (ii) the data are described at a fine-grained 
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level, which enables a search for deeper structured information; (iii) different features 
and contents of the information resources are described, providing more opportunities 
for access [4]; (iv) written and spoken language of the information resources is in-
dexed to allow for a full-text search [5],[7]; (v) the data are indexed with metadata of 
an ontology, enabling a semantic search, which produces more relevant search results 
[3],[13],[15].  
   Methods to annotate content automatically have evolved a lot in the last decades. [5] 
presents technologies based on spoken text and segmentation to index documents 
automatically. [7] combines spoken words and images. The authors carry out a survey 
to evaluate whether automatically generated descriptions could reach the effectiveness 
of manual descriptions. The use of concept vocabularies to improve the recognition of 
video events is addressed by [3]. [15] handles the exploratory search and serendipi-
tous discoveries combining Linked Data Vocabularies. [10], [13] and [15] show how 
to use this kind of vocabularies to perform a semantic search. Important projects such 
as the Open Video Digital Library1 [8] or the Informedia Project2 have stressed the 
importance of automatic indexing in video material – in and outside the library world.  
   In this context, this paper deals with the generation and retrieval of descriptive 
metadata of the TIB|AV-Portal, the scientific video portal of the German National 
Library of Science and Technology (TIB). The portal applies all of the approaches 
mentioned above. It is an example of how a research library can implement new in-
formation systems including media resources as it has been demanded by the Associa-
tion of College and Research Libraries [2]. Other contributions are: automatic index-
ing, assignment of digital object identifiers plus long-term archiving from a single 
source; use of subject-specific automatic indexing of scientific videos based on the 
GND in combination with the implementation of a semantic and cross-lingual retriev-
al.    
   The structure of the paper is as follows: section 2 introduces the TIB|AV-Portal. 
Section 3 presents the process chain of its automatic video analysis. The process chain 
incorporates existing (manual) metadata into the system and generates new metadata. 
Section 4 discusses how the metadata are used in the video retrieval. In section 5, the 
different ontologies exploited in the knowledge base of the TIB|AV-Portal are illus-
trated. A semantic search and cross-lingual retrieval can be established based on the 
metadata of these ontologies. Section 6 summarizes the essential results. Finally, sec-
tion 7 provides an outlook on future work by outlining concepts about publishing the 
metadata as Linked Open Data.        

2 TIB|AV-Portal 

The TIB|AV-Portal3 is a web-based platform for quality-tested scientific videos from 
the fields of architecture, chemistry, engineering, information technology, mathemat-
ics and physics. Amongst other things, the videos portray computer visualisations, 
learning material, simulations, experiments, interviews, and recordings of lectures and 
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conferences. The portal currently contains around 2900 videos and some 1900 film 
credits with external links. Most videos have been published under an open access 
licence. TIB4 is planning long-term archiving of the collected videos.  
   The Competence Centre for Non-Textual Materials5 at TIB developed the TIB|AV-
Portal in cooperation with the Hasso Plattner Institute for Software Systems Engineer-
ing6 between 2011 and 2014. It went online in spring 2014. A key feature of the portal 
is the use of different kinds of automatic video analysis, which is illustrated in the 
next section.  

3 Automatic Video Analysis of the TIB|AV-Portal 

The process chain of the automatic video analysis starts with the ingest of the audio-
visual media and manual metadata (cf. figure 1). A digital object identifier (DOI) is 
assigned to each video by the DOI Service of TIB7. There is a structural analysis as 
well as a text, speech, and image analysis of the video. First, shot boundary detection 
splits up the video into segments based on low-level image features. For every video 
segment, a number of keyframes that represent its relevant content is selected. Video 
optical character recognition (video OCR) localizes texts in keyframes, pre-processes 
and eventually extracts them as textual metadata (OCR transcript). Speech to text 
notes down spoken language in the video in the form of a speech transcript. Visual 
concept detection classifies keyframes according to pre-defined visual concepts. Fi-
nally, named-entity recognition maps the analysed textual metadata (OCR and speech 
transcripts) onto semantically associated terms. These terms are subject headings of 
the Gemeinsame Normdatei8 (GND, Integrated Authority File). 
 

  
Figure 1.    Process chain of the automatic video analysis 
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The description above points out that numerous metadata are generated at different 
stages of the process chain. The following section considers the main characteristics 
of these metadata and their respective value for the retrieval. 

4 Metadata and Retrieval of the TIB|AV-Portal   

4.1 Manual Metadata 
Manual metadata are supplied by the video providers via an XML file and describe 
formal, technical and content-related features of the video. Formal metadata of the 
video are, for example, title, author, publisher, licence and DOI. Technical metadata 
are, for example, file size and duration. Content-related metadata are subject area, 
abstract and keywords. 
   The manual metadata represent coarse-grained descriptions referring to the whole 
video document. Their major advantage is their high reliability. They are created by a 
person and are therefore less error-prone than the automatic metadata. Consequently, 
the manual metadata enable the retrieval of highly relevant search results. However, it 
is a drawback that they only provide access to the whole video document and not to 
smaller parts of it.  

4.2 Automatic Metadata 
The automatic metadata are generated by means of several automatic video analyses, 
which produce either transcripts or index terms. They describe text, speech or image 
content of the video and represent fine-grained descriptions referring to the individual 
segments. The automatic metadata are less reliable than the manual ones since they 
are computed by algorithms. Their significant advantage is that they enable a pinpoint 
segment-based search within the video content.  
   It can be deduced from the above remarks that the manual and automatic metadata 
complement each other. Even though the manual metadata are coarse-grained, they 
are highly reliable. The automatic metadata, on the other hand, are less reliable but 
fine-grained. Consequently, the manual metadata provide very reliable search results, 
whereas the automatic metadata allow for a search for deeper structured information 
[13]. Different features (formal, technical and content-related ones) as well as con-
tents (text, speech and image) of the video are described, ensuring various opportuni-
ties for access.             
 
OCR Transcript. 
Video OCR converts written language of text overlays or slides into machine-encoded 
text, i.e. into the OCR transcript. A keyword-based full-text search can be performed 
in the OCR transcript. Video segments containing hits in the transcript are highlighted 
so that the user can navigate straight to these parts of the video. Moreover, the OCR 
transcript serves as the basis for the automatic indexing of written text in the video. 
Much of the metadata that can be extracted by video OCR has a high quality because 



text overlays and lecture slides condense the thematic content and mainly include 
nouns, which are essential for the query.  

Speech Transcript. 
Speech to text converts spoken language in the video into a speech transcript, which 
allows a keyword-based full-text search. In figure 2, one finds the speech transcript to 
the right of the video player. Hits in the speech transcript are highlighted, as well as 
video segments that contain these hits. The speech transcript has timestamps, which 
allow accurate searches within the video content. Speech to text produces essential 
metadata because the spoken language conveys much of what is happening in the 
video. The speech transcript serves as the basis for the automatic indexing of spoken 
text in the video.     

 
Figure 2.    Speech transcript with highlighted search results 

Automatic Indexing.  
The automatic indexing of the TIB|AV-Portal can be classified into indexing of image 
motifs and indexing of written and spoken language.  

Image Motifs.  
Visual concept detection classifies the moving image according to cross-subject con-
cepts such as ‘lecture’ or ‘computer animation’ and subject-specific concepts such as 
‘microscopy’ or ‘façade detail’. Every classifier had to be trained with a set of at least 



100 manually annotated keyframes. Based on the low-level image features of this 
training set, the classifier developed a model of the respective concept. In addition, 
every classifier received a label (GND subject heading) such as ‘lecture’ or ‘experi-
ment indoor’. Comparing its model with the image features of a representative 
keyframe, the classifier determines whether its concept is present or not. Only in the 
first case, the video segment is indexed with the associated GND label [14]. Figure 3 
shows a video segment, which depicts an indoor shot of an experimental set-up. Visu-
al concept detection correctly classified this video segment as an ‘experiment indoor’. 
Consequently, image motifs such as ‘experiment indoor’ can be searched directly or 
combined with other search terms.    

 
Figure 3.    Index terms relating to image motifs in the video 

Named-Entity Recognition.  
Named-entity recognition maps automatically extracted textual metadata from video 
analysis onto terms of a knowledge base. The extracted textual metadata are the OCR 
and speech transcripts, and the terms of the TIB|AV-Portal knowledge base are about 
63 000 GND subject headings, which have been imported into the local RDF store. In 
the first step, the text component of the OCR or speech transcript is looked up in the 
TIB|AV-Portal knowledge base (cf. figure 4). Normally, there are several GND can-
didates, onto which the analysed text component could be mapped. The disambigua-
tion algorithm then tries to find the right (or best) candidate by comparing the context 
information of the GND subject headings with the context of the text component. The 
context of a GND subject heading are its main and alternative labels, subject category, 



definition, related and broader terms from GND. The context of the text component 
are the other textual metadata, which are located in the same video segment, plus the 
manual metadata of the whole video. Broadly speaking, that GND candidate, the con-
text information of which has the best match with the context of the text component, 
wins the mapping and is finally assigned to the video segment [13]. In the example of 
figure 4, this is the GND term ‘Thermodynamik’ (thermodynamics).  

 
Figure 4.    Named-entity recognition of the TIB|AV-Portal9 

As a result, written and spoken language in the video is indexed at segment level by 
GND subject headings. GND subject headings represent disambiguated terms that 
have a formally specified contextual meaning. A semantic search can be built upon 
that to either extend or narrow down search results. The next section explains in more 
detail which ontologies are used in the TIB|AV-Portal and how a semantic search as 
well as a cross-lingual retrieval can be established upon them.    

5 Ontologies of the TIB|AV-Portal 

5.1 Semantic Indexing based on the GND 
The Gemeinsame Normdatei serves as the ontology for the semantic indexing of the 
videos, meaning that textual metadata from text and audio analysis are linked to enti-
ties of this ontology (cf. section 4.2). In this paper, ‘ontology’ refers to an explicit 
formal specification of a set of terms in a particular domain and their interrelations 
[1]. The GND is managed by the German National Library in cooperation with the 
German-speaking library networks. The GND data10 were published as Linked Data 
under Creative Commons Zero11 (CC0).  
   The GND ontology includes the following features: synonyms are combined under 
a preferred term, homonyms are disambiguated by the assignment of distinct terms, 
hierarchical relations between terms (broader and narrower terms) and cross-
references between related terms are listed. These properties can be exploited for a 
semantic search.  
                                                
9    Figure 4 is based on slide 37 from [10]. 
10  www.dnb.de/lds 
11  https://creativecommons.org/publicdomain/zero/1.0 



   The videos of the TIB|AV-Portal are not indexed with the entire GND. Rather, each 
of the six TIB core subjects mentioned in section 2 has its own special GND vocabu-
lary: the videos for physics, for example, are indexed by subject headings of the GND 
subject section for physics. This strategy warrants a higher precision of search results. 
The six GND subject sections used in the portal contain a total of 63 365 subject 
headings [14]. For these subject headings, main and alternative labels, subject catego-
ry, definition, related and broader terms were extracted from GND and saved in the 
local RDF store. Only the main labels of the subject headings are indexed.  

5.2 Ontology-based Semantic Search of the TIB|AV-Portal 
A keyword-based search searches for words in text, or more exactly: character strings. 
A semantic search, on the other hand, is based on an ontology, which represents the 
knowledge of a particular domain. Linking analysed textual data from video analysis 
with the GND allows the use of semantic properties and relations of that ontology 
when searching.  
   In the TIB|AV-Portal knowledge base, all synonyms of a GND term are listed. 
When the user enters one of these terms in the search field, all available synonyms are 
included in the query. When entering ‘Thermodynamik’ (thermodynamics), for ex-
ample, the alternative expressions ‘Wärmetheorie’ and ‘Wärmelehre’ are searched as 
well. This functionality increases the completeness of relevant search results.      
   Since the GND terms are disambiguated in the automatic indexing, the accuracy of 
search results is improved when these terms are used in the retrieval. This applies to 
the semantic faceted search of the TIB|AV-Portal. There are facets for subject, lan-
guage, author & contributors, publisher, licence, year of publication, person, organisa-
tion and image motif. The user can perform a query and then refine search results by 
means of these facets. The query of the faceted search is not comprised of keywords 
but of GND terms, which are identified by their uniform resource identifier (URI). By 
clicking on one of these faceted terms, the search for that entity is triggered. The 
search index stores the URI of the GND term, the ID of the video plus the correspond-
ing position, which was assigned to that term [10]. The search returns those videos 
that contain the selected faceted terms; additionally, the terms and corresponding 
video segments are highlighted.     

5.3 Ontology Mapping for the Establishment of a Cross-Lingual 
Retrieval 

The TIB|AV-Portal contains German-language and English-language videos in its 
stock. The initial problem was that the indexing vocabulary used in the TIB|AV-
Portal (63 356 GND subject headings from science and technology) possessed only 
very few English labels. In order to gain English labels for the automatic indexing of 
the English-language videos, the GND subject headings were mapped onto other 
knowledge bases that potentially provide an English translation of these terms. We 
used DBpedia12, Library of Congress Subject Headings13 (LCSH), results of the pro-
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ject ‘Multi Lingual Access to Subjects14 (MACS) and the WTI thesaurus ‘Technology 
and Management’15. 
   The ontology mapping16 uses an automated method similar to that applied by the 
named-entity recognition of the portal: first, main and alternative labels of the GND 
subject headings are looked up in the aforementioned knowledge bases to identify 
potential mapping candidates. Then, these mapping candidates are disambiguated by 
comparing context information of the GND subject headings with context information 
of the respective mapping candidates. Finally, the English label was extracted of those 
candidates which had the highest probability for a correct mapping. For 35.025 (55%) 
GND subject headings, at least one English label could be extracted and saved in the 
local RDF store [14]. These English labels are used for the automatic indexing of the 
English-language videos.  
   The cross-lingual retrieval of the portal works as follows: when the user enters a 
German search term, the English translation of this term is automatically included in 
the query, and vice versa. For example, when searching for ‘Kernenergie’ or 
‘Atomkraft’, the search engine also retrieves hits for ‘Nuclear Energy’. As with the 
inclusion of synonyms, this is likely to increase the completeness of relevant search 
results.  

6 Conclusions 

In the TIB|AV-Portal, different kinds of descriptive metadata are available, each with 
their own utility. It is certainly a great benefit for the retrieval when different kinds of 
metadata are used, metadata that complement each other and refer to various features, 
contents and granular levels of the information resources.  
   Video providers of the TIB|AV-Portal submit only a few manual metadata, which 
describe formal, technical and content-related features of the video. These are ‘classi-
cal’ metadata such as title, duration and keywords. The manual metadata are coarse-
grained and highly reliable. However, most of the content is automatically analysed. 
The automatic metadata are transcripts and index terms (GND subject headings) de-
scribing text, speech or image content of the video. They represent fine-grained de-
scriptions of the individual segments and are less reliable. The manual and automatic 
metadata complement each other: the manual metadata provide very reliable, albeit 
less detailed, search results, while the automatic metadata allow for a pinpoint search 
in the video content. By describing different features and contents of the video, many 
different opportunities for access emerge.  
   Written and spoken language in the video are converted to machine-encoded text: 
OCR and speech transcript. These transcripts permit a keyword-based full-text search. 
Image motifs as well as written and spoken language of the video are indexed at seg-
ment level by specialised GND subject headings from science and technology. Con-

                                                                                                                
13  http://id.loc.gov/authorities/subjects.html 
14  http://www.dnb.de/DE/Wir/Kooperation/MACS/macs_node.html 
15  http://www.wti-frankfurt.de/index.php/produkte-thesaurus 
16  The mapping was carried out by the Semantic Web research group of Hasso Plattner Insti-
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textual meaning of these GND subject headings was extracted from GND and saved 
in the knowledge base of the TIB|AV-Portal. In addition, English translations of these 
GND terms were extracted from DBpedia, LCSH, MACS and WTI thesaurus and also 
stored in this knowledge base. The semantic search of the TIB|AV-Portal exploits the 
disambiguated terms and synonyms of the GND, while the cross-lingual retrieval 
exploits the English labels derived from the aforementioned ontologies. The semantic 
search and cross-lingual retrieval improve the traditional keyword-based search by 
both extending and specifying relevant search results.       

7 Future Work: Publishing Metadata of the TIB|AV-Portal as 
Linked Open Data 

Structured data are starting to be exposed and connected to other sources on the web. 
This initiative is known as Linked Data and mainly involves the identification, ma-
chine-readability and linking of data within and between data sets. Data items in these 
data sets are identified by a URI and are accessible via an HTTP URI. Interlinked data 
sets that are published under an open license such as CC0 are referred to as Linked 
Open Data (LOD) and together constitute the Linked Open Data Cloud17. 
   Because of being structured, metadata present a huge potential to be used as LOD. 
As identified in [16], weaving metadata into the LOD Cloud makes them more acces-
sible and facilitates their integration in different scenarios. The accessibility of 
metadata determines the visibility of both the described content and the institution 
that provides the data.  
   The fundamental question is how to publish metadata as LOD. In fact, there is no 
standardised way to do it [16]. However, there are some common requirements when 
facing a LOD project, namely: a local RDF store, an ontology that relates data items 
within the data set and with external data sets, capabilities to get data from other 
sources and republication of data.    
   The metadata of the TIB|AV-Portal are stored in RDF form in a local RDF store. 
RDF consists of subject, predicate and object, which are annotated as resources by 
using an internal ontology and URI scheme. Videos, films and collections are labelled 
as <resource/video>, <resource/film> and <resource/collection>, 
whereas manual metadata, automatic metadata and segment annotations are labelled 
as <resource>, <resource/ocr> (or asr or vcd) and <resource/segment>, 
respectively. Annotations related to OCR, automatic speech recognition (ASR) or 
visual concept detection (VCD) include the location of the recognized GND entity in 
the video frame. 
   In order to publish LOD, parts of the internal ontology and URI scheme need to 
become dereferenceable.  We plan to map and merge the current ontology with exist-
ing LOD Vocabularies18. That is, our ontology will be compared and combined with 
external vocabularies to enrich and complement it. So far, DCMI Metadata Terms, 
Academic Institution Internal Structure Ontology, Ontology for Media Resources, 
Friend of a Friend, Simple Knowledge Organization System and Learning Object 
                                                
17  http://lod-cloud.net/ 
18  http://lov.okfn.org/dataset/lov/vocabs 



Metadata Ontology have been identified as the most adequate vocabularies for our 
purposes. 
   Simultaneously, the internal URIs identifying films and authors will be interlinked 
with their corresponding external URIs by means of the property owl:sameAs19. 
This leads to an enrichment of the internal content, facilitating the future publishing in 
the LOD Cloud.  
   Further, the metadata can be embedded into the portal in form of RDFa. The last 
specification of RDFa 1.120 allows the use of RDF in HTML. RDFa defines attributes 
for the semantic markup such as about, property or vocab to identify the subject, 
relations between subject and object, and the vocabularies that are used.  
   Finally, the TIB|AV-Portal aims to promote the use and exposure of its metadata 
and facilitate the access to them. Users may want to access our data and reuse them. 
Therefore, all CC0 metadata will be offered as open data in standardised formats or 
encodings. Doing so, users will have a direct access to metadata and will not have to 
handle difficult structures that might be hard to understand or manage. 
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